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INTRODUCTION
1 Scope

1.1 The requirements of this Standard cover arc-fault circuit-interrupters (AFCls) of the branch/feeder,
outlet circuit, portable, and cord type intended for use in dwelling units. These devices are intended to
mitigate the effects of arcing faults that may pose a risk of fire ignition under certain conditions if the arcing
persists.

1.2  AFCIs have a maximum rating of 20 A and are intended for use in 120-V ac, 60-HZ circuits. Cord
AFCls are rated up to 30 A.

1.3 These :Iievices are not intended to detect glowing connections.

1.4 In thes
these requirg

1.5 An AF(Q
circuit-interry
comply addit

b requirements the term device is used generically to apply to all of the 'device
ments and is modified when the requirement does not apply to all types:

| that is also intended to perform other functions, such as oveteurrent protectior
ption, surge suppression, any other similar functions, or“any combination
onally with the requirements of the applicable Standard or’Standards that covej

provide thosg functions.

1.6 This st
Interrupters.

2 Glossary
2.1 Forthe

2.2 ARCIN
the partial vo

2.3 ARCIN

2.4 ARC-F4
faults by fung

2.5 BRANC
origin of a b

andard contains a supplement covering the reguirements for Leakage-Curr

purposes of this Standard, the following definitions apply.

5 — A luminous discharge of electricity across an insulating medium, usually ac
atilization of the electrodes:

5 FAULT — An unjatentional arcing condition in a circuit.

AULT CIRCUIT-INTERRUPTER (AFCI) — A device intended to mitigate the eff
tioning to{deenergize the circuit when an arc-fault is detected.

s covered by

, ground-fault
thereof, shall
r devices that

ent Detector-

companied by

bcts of arcing

H/FEEDER ARC-FAULT CIRCUIT-INTERRUPTER — A device intended to be

stalled at the

i
ranch circuit or feeder, such as at a panelboard. It is intended to provide prolntection of the

branch circuit wiring, feeder wiring, or both, against unwanted effects of arcing. This device also provides
limited protection to branch circuit extension wiring. It may be a circuit-breaker type device or a device in
its own enclosure mounted at or near a panelboard.

2.6 CARBONIZED PATH — A conductive carbon path formed through or over the surface of a normally
insulating material.

2.7 COMBINATION ARC-FAULT CIRCUIT-INTERRUPTER — An AFCI which complies with the
requirements for both branch/feeder and outlet circuit AFCls. It is intended to protect downstream branch
circuit wiring and cord sets and power-supply cords.

2.8 CORD ARC-FAULT CIRCUIT-INTERRUPTER — A plug-in device intended to be connected to a
receptacle outlet. It is intended to provide protection to the power-supply cord connected to it against the
unwanted effects of arcing. The cord may be integral to the device. The device has no additional outlets.
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2.9 MICROELECTRONICS - Monolithic, hybrid, or module circuits, where the internal circuit
connections are not accessible exclusive of provided external connection pins or pads. The circuits are
capable of functioning in the analogue mode, digital mode, or a combination of the two modes. Examples
of microelectronics include: ASICs, ROMs, RAMs, PROMs, EPROMSs, PALs, and PLDs. See 2.13.

2.10 OPERATION INHIBITION — Denotes the concealment of an arcing fault by the normal operation of
certain circuit components.

2.11 OUTLET CIRCUIT ARC-FAULT CIRCUIT-INTERRUPTER — A device intended to be installed at a
branch circuit outlet, such as at an outlet box. It is intended to provide protection of cord sets and power-
supply cords connected to it (when provided with receptacle outlets) agalnst the unwanted effects of
arcing. This de -supply cords
connected to downstream receptacles.

212 PORTABLE ARC-FAULT CIRCUIT-INTERRUPTER - A plug-in device intended|to be connected to
a receptacle putlet and provided with one or more outlets. It is intended to provide-protection o connected
cord sets and| power-supply cords against the unwanted effects of arcing.

2.13 PROGRAMMABLE COMPONENT — Any microelectronic hardware.that can be progrgmmed in the
design centef, the factory, or in the field. Here the term "programmable” is taken to be "any manner in
which one dan alter the software wherein the behavior of thé component can be altered." The
microelectronfics defined in 2.9 are examples of programmable components.

2.14 UNWANTED TRIP — A tripping function in response:tora condition that is not an arcipg fault but a
condition thatloccurs as part of the normal or anticipated agperation of circuit components.

3 Compongnts

3.1 Except @s indicated in 3.2, a component{of a product covered by this standard shall comply with the
requirements|for that component. See Appendix A for a list of standards covering componepts generally
used in the products covered by this standard.

3.2 A component is not required_toe. comply with a specific requirement that:

a) Invplves a featuré or characteristic not required in the application of the comgonent in the
produ¢t covered by this standard, or

b) Is spperseded by a requirement in this standard.

3.3 A comppnent shall be used in accordance with its rating established for the intended [conditions of
use.

3.4 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

4 Units of Measurement

4.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.
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5 Undated

51 Anyun
interpreted a

References

dated reference to a code or standard appearing in the requirements of this standard shall be
s referring to the latest edition of that code or standard.

CONSTRUCTION

ALL DEVICES

6 General

6.1 AnAF

7 Accessibility of Energized Parts

7.1 Partso

7.2 Partsa
71.

7.3 Access
portable dey|
means.

I'Shall cOomply WIth the construction requirerments In Sections © — 19.

a device shall not be accessible when they are installed as intended and energized.

e considered to be accessible if they can be touched using the\articulated probe. See Figure

to the trip mechanism shall not be attainable with ordinary tools. Access to internal parts of
ces shall be limited by use of tamper-resistant, serews, rivets, welding or otter equivalent
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Figure 7.1
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8 Corrosion Protection

8.1 Parts, in addition to enclosures, shall be protected against corrosion if failure of such parts would be
likely to result in a hazardous condition such as the inability of the device to perform its intended function.

9 Current Carrying Parts

9.1 Current-carrying parts shall be of silver, a silver alloy, copper, a copper alloy or other metal
acceptable for the application. Screws, nuts, or wire binding screws made of iron or steel and corrosion
protected, shall be permitted to be used to secure live parts, but shall not be depended upon to carry
current.

10 Internal Wiring

10.1 The gauge and insulation of wires shall withstand the mechanical and electrical'stresges of service.
Wires smaller than 24 AWG (0.21 mm?) shall be investigated for the application.

11 Insulatipn

11.1 A devjce shall have at least functional insulation throughout. ‘Materials shall be syitable for the
temperature |voltage and conditions of service.

12 Spacings

12.1 A deVice shall comply with the requirements{shown in Table 12.1 except that at field-wiring
terminals thg spacings shall be not less than 1/4 inch (6.4 mm) between terminals not opgrating at the
same potential for either a branch/feeder AFCI, ofa cord AFCI without an integral cord, rated up to 200 V
peak.

Table 12.1
Spacing in inches (mm)®

Operating potential between parts

70|V peak or less 71-200 V peak 201 -400 V peak
Through ajr Over surface Through air Over surface Through air Qver surface
1/16 (1.6) 1/16 (1.6) 1/8 (3.2) 1/4 (6.4) 1/4 (6.4) 3/8 (9.5)

@ Smaller spac|ngsmay be acceptable where they are inherent in a suitable component.

® For printed wi ring‘boards with suitable conformal coating which have been determined to comply with the requirements for
conformal coatings in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C, spacings may be

reduced to 1/32 inch (0.8 mm), and may be reduced further if the coating is determined to be suitable and it is evaluated in
accordance with UL 746C for the reduced spacing.

12.2 Except as permitted in note a to Table 12.1, if a groove or a slot in insulating material is less than
1/64 inch (0.4 mm) wide, the contour of the slot or groove is to be disregarded in measuring spacings over
the surface.

12.3 Spacings measured along the boundary of insulating materials that have been joined together are
considered to be spacings over surface unless it can be shown that the dielectric strength of the boundary
is not less than that of any of the materials joined.

12.4 Film-coated magnet wire is considered to be uninsulated in determining spacings.
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12.5 As an alternative to the measurement method specified in 12.1 — 12.4, the minimum acceptable
clearances (through air spacings) and creepage distances (over surface spacings) for a printed wiring
board assembly may be evaluated as specified in 12.6 — 12.8 using the applicable requirements in the
Standard for Insulation Coordination Including Clearances and Creepage Distances for Electrical
Equipment, UL 840.

12.6  When applying the requirements in the Standard for Insulation Coordination Including Clearances
and Creepage Distances for Electrical Equipment, UL 840, the environment for a printed wiring board

assembly within an arc fault circuit-interrupter is considered to be:

a) Pollution degree 3 for an assembly without a conformal coating;

b) Pol

c) Pol
Board

12.7 For CI
Including CI
overvoltage ¢
Category I f
between the
fire or electri

provided as an integral part of the arc fault circuit<interrupter.

12.8 Where
spacings, the
for Insulation
840, shall be

13 Operating Mechanism

13.1  Compl
restraint of ag

13.2 A devi

Iarances and Creepage Distances for Electrical Equipment, UL 840, th

ution aegree £ 101

1) An assembly with a coating,

housing that complies with the Dust Test, Section 57, or

ution degree 1 for an assembly with a conformal coating complying with the P
Coating Performance Test, in UL 840.

arance B (controlled overvoltage) requirements in.the Standard for Insulation

ategory for line-voltage circuits is Category Il for-branch/feeder and outlet circu
br portable and cord AFCls. Category | is applicable to low-voltage circuits if
barts involved may result in operation of.the controlled equipment that increas
C shock. Any overvoltage protection dévice needed to achieve these catego

measurement of clearances and creepage distances is involved to establish

methods specified in Meastrement of Clearance and Creepage Distances in

Coordination Including (Clearances and Creepage Distances for Electrical Eg
Lised.

cessible levers, knobs, and the like of a device.

ce.that has tripped in accordance with the provisions of arcing fault interruptior

2) An assembly without a coating when the printed wiring board js.Contained in a sealed

rinted Wiring

Coordination
e applicable
it AFCls and
short circuit
bs the risk of
ries shall be

he minimum
he Standard
uipment, UL

ance with(the provisions of arcing fault interruption shall not be prevented by manipulation or

shall not be

capable of au

omatic reclosure.

13.3 Except for an AFCI that is intended to be mounted in a panelboard, an AFCI shall operate to open
both the ungrounded and grounded circuit conductors in the event of a fault.

13.4 An AFCI device that contains separate line and load terminals, intended for mounting in an outlet
box, and that is powered through its load terminals, shall not reset and supply power to its line terminals.

See Reverse

Line — Load Miswire Test, Section 59.

14 Programmable Components

14.1

An arc-fault circuit-interrupter that employs a programmable component such as a microprocessor

shall be investigated in accordance with the Standard for Software in Programmable Components, UL
1998, as defined in 14.2 — 14.8.
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14.2 All of the requirements of the Standard for Software in Programmable Components, UL 1998, apply
to programmable components employed in an arc-fault circuit-interrupter, except as modified by 14.3 —

14.9.

14.3 The risks to be considered for the Risk Analysis portion of UL 1998 include the following scenarios:

a) Unwanted tripping;

b) Failure to trip under conditions where tripping should occur; and

c) Fail

14.4 The Toor QU

14.5 All too
documentati

a)Th

b) Th

c) The tool version identification;

d)Ad

e)Al

14.6 Software tools are defined as software or hardware used in the development, testing

maintenance
analyzers, lo

14.7 Mean
Risk Analysi

bn shall include:

b name of the tool supplier or developer;

ure of test circuit to complete evaluation.

Is used in the design, implementation, and verification of software shallbe-doc

b model, application, or trade name of the tool;

escription of the purpose for which the tool is usedyand

st of known errors, faults or failures of the tool petrformance, such as a "bug list".

of a program or its documentation. Examples include compilers, assen
hic analyzers, test case generators;-simulators, emulators, and similar tools.

5 shall be employed to address all microelectronic hardware failure modes id
5 of 14.3. The analysis ghall consider all possible combinations of microelectrg

failures, soft
microelectro

Detection of failure modes shall be at a frequency and adequacy suitable for the application.

14.8 One approach tocomply with 14.7 is for the manufacturer to:
a) ldentify failure modes;

b) Defermine safety impact of failure modes;

vare faults, and other events that are capable of resulting in a risk. This includes
ic hardware failures that cause software faults that are capable of result

imented. The

, analysis, or
blers, timing

bntified in the

nic hardware
for example,
ng in a risk.

c¢) Design and provide means to detect the failure modes that have an impact on safety;

d) Demonstrate that coverage provided by detection means is at a frequency and effective level
suitable for the application; and

e) Provide evidence that the failure rate of microelectronic components is suitable for the
application.

14.9 The requirements in UL 1998 addressing User Interfaces do not apply.
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15 Test Circuit

15.1 An AFCI shall be provided with a test circuit that simulates an arc such that the arc detection circuit
or software is caused to detect the simulated arc. An AFCI that also incorporates features of other devices
that require a supervisory circuit, such as GFCls, shall be provided with one or more test circuits that
simulate the arc detection portion of the device as described in this Section, and comply with the test or
supervisory circuit requirements for the additional device or features provided with the AFCI.

15.2 Operation of the test circuit shall cause the contacts of the device to open. The results of the test
shall be made known to the user by a positive visual indication.

BRANCH/FEEDER-ARC-FAULT CIRCUIT-INTERRUPTER

16 General

16.1 Inadd

tion to the construction requirements in Sections 6 — 15, a branch/feeder AFCI

with the consf{ruction requirements in Sections 17 — 19.

17 Termina

17.1 Gener

1711 Ade
in the field sh

Is
Al

vice shall have terminals suitable for the application. Terminals that are intende
bll be in the form of terminal leads, wire binding'screws or pressure-wire termina

17.2 Terminal leads

17.2.1  Term

inal leads shall differ by no more than two wire sizes from the size that wg

ampacity in @ccordance with the National, Electrical Code (NEC), ANSI/NFPA 70 for the

device.

17.2.2 The
conforms with
green with a

nsulation of lead type terminals shall be rated for the application and be of
the requirements-ofthe NEC, that is white or gray for the grounded conductor
ellow stripe forthe-grounding conductor.

17.2.3 The {ree length of'a terminal lead shall be at least 6 inches (152 mm).

17.24 Aco
to itself or the|

hductor shall be constructed so as to withstand the stress of normal handling wit
device. See Mechanical Tests, Section 55.

shall comply

d to be wired
S.

uld have an
rating of the

a color that
and green or

hout damage

17.3 Wire binding screw terminals

17.3.1

A wire binding screw shall be permitted to be used at a field wiring terminal intended for the

connection of a 10 AWG (5.3 mm?) or smaller wire if upturned lugs or the equivalent are provided to retain
the wire under the head of the screw even though the screw becomes loosened.

17.3.2 A screw and washer construction used at a field wiring terminal shall not be smaller than No. 10
(4.8 mm) with no more than 32 threads per inch (25.4 mm).

17.3.3 A terminal plate tapped for a wire binding screw shall be of metal not less than 0.05 inch (1.27
mm) thick and shall have not less than 2 full threads in the metal; except that a plate made of a special
alloy not less than 0.03 inch (0.76 mm) thick shall be permitted if the tapped threads have the necessary
mechanical strength.
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17.3.4 A terminal plate shall be permitted to have the metal extruded at the tapped hole so as to give the
thickness necessary for at least 2 full threads provided that the thickness for the unextruded metal is not

less than the

17.4 Press

17.41

pitch of the thread.

ure wire terminals

Pressure wire terminals provided with a device shall comply with the Standard for Wire

Connectors, UL 486A-486B or the Standard for Equipment Wiring Terminals for Use with Aluminum and/or
Copper Conductors, UL 486E.

1742 The tlghtenlng torque for a field wiring termlnal shall be in accordance with the Standard for Wire

Connectors,

as required |
100 percent
wire size co
values shall
lesser assign

17.4.3 A pr
or reduce sp

18 Enclostire

18.1 When
own enclosu
Electrical E
requirements
Environment

19 Grounding

19.1 Allac
arc-over, ins
equipment g

OUTLET CIFR

20 Genera

Dy 63_5 The specmed tightening torque shall not be less than 90 percentand
Df the value used in the static heating test as specified in UL 486A-486Bor UL
responding to the ampere rating of the device. See Mechanical Tests, Sectid
be permitted to be less than 90 percent if the connector is investigated in accord
ed torque value.

hcings to unacceptable values.

a branch/feeder AFCI that is not intended t&’be mounted in a panelboard is prg
re, the enclosure shall comply with the\requirements in the Standard for B
nuipment, Non-Environmental Considerations, UL 50, and the applicab
for the intended environment in\the Standard for Enclosures for Electricg
bl Considerations, UL 50E. There shall not be any unused openings.

essible parts of a branch/feeder AFCI that are likely to become energized if th
Ulation failure or the'like, shall be connected together and to the terminals int
ounding conductor.

RCUIT ARC-FAULT CIRCUIT-INTERRUPTER

inum and/or
Il be marked
ot more than
486E, for the
n 55. Torque
ance with the

essure wire connector shall be prevented from moving (rotating) so as to straipm connections

vided with its
nclosures for
le enclosure
| Equipment,

bre should be
ended for the

20.1

with the construction requirements in Sections 20 — 23.

In addition to the construction requirements in Sections 6 — 15, an outlet circuit AFCI shall comply

20.2 An outlet circuit AFCI shall also comply with the construction requirements for receptacles,
including the enclosure requirements, in the Standard for Attachment Plugs and Receptacles, UL 498.

21 Terminals

211

that the minimum wire binding screw size is No. 8 (4.2 mm).

An outlet circuit AFCI shall comply with the terminal requirements in Terminals, Section 17, except
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22 Housings

22.1 An outlet circuit AFCI shall comply with the materials requirements in 8.1 — 8.5 of the Standard for

Attachment P

23 Groundi

231

lugs and Receptacles, UL 498.

ng

PORTABLE ARC-FAULT CIRCUIT-INTERRUPTER

An outlet circuit AFCI shall comply with the grounding requirements in Grounding, Section 19.

24 General

24.1 In add
the constructi

24.2 A portable AFCI shall provide protection in the event that the grounded conductor be

circuited.

25 Plugs/Rgceptacles

25.1 Anout
any case sha
grounding typ

25.2 The a

dimensions 3
Receptacles,

25.3 The an
attachment p

25.4 The an
single outlet g

26 Cords

26.1 A cord
and electrical

tion to the construction requirements in Sections 6 — 15, a portable AR€lkshal
pn requirements in Sections 24 — 30.

et provided with a portable AFCI shall be either of the grounding or non-groundi
| have the same configuration as the attachment plug of the AFCI. When the o
e, the grounding terminal shall be conductively connected to the grounding circu

tachment plug and any outlets provided with a portable AFCI shall com
nd other appropriate construction tequirements of the Standard for Attachme
UL 498.

hpere rating of an outlet of a.cord-connected portable AFCI shall not exceed the
ug.

npere rating of the-autlet of a portable (direct plug-in or cord-connected) AFCI th
hall be equal ta'the’ampere rating of the attachment plug.

that is provided with a device shall be a type that has the number of conducto
ratings suitable for the application.

comply with

comes open

ng type but in

utlet is of the
it.

ply with the
nt Plugs and

rating of the

at has only a

rs, insulation

26.2 Strain on the cord that may occur by way of pulling, pushing or twisting shall not be transmitted to
cord-conductor termination in the device. See the Power-Supply Cord Strain Relief Test, Section 54.

26.3 A flexible cord, provided as an input power-supply cord or an output cord, shall comply with the
requirements of the Standard for Flexible Cords and Cables, UL 62. Constructions employing molded-on
fittings shall comply with the applicable requirements of the Standard for Cord Sets and Power-Supply
Cords, UL 817.

27 Direct Plug-In

271
requirements

in27.2-27.5.

A device that is intended to plug directly into a receptacle shall comply with the weight and moment
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27.2 The maximum acceptable moment, center of gravity, dimensions, and weight of a direct plug-in unit
shall comply with the requirements specified in (a), (b), (c) and (d). See 27.3 and 27.4 and Figure 27.1.

a) The quotient of WY/Z shall not exceed 48 ounces (1361 g).
b) The quotient of WY/S shall not exceed 48 ounces (1361 g).
c) The product of WX shall not exceed 80 ounce-inches (0.56 N-m).

d) The weight of a unit shall not exceed 28 ounces (794 g).

27.3 Definitions for the symbols used in 27.2 are as follows:

W is the weight of the unit in ounces (g).

Y is the distance illustrated in Figure 27.1 in inches (mm).
Zis the lesser of the two distances, Z1 or Z2, as illustrated in Figure 27.%.\i0 inches (mm).
S is the lesser of the two distances, S1 or S2, as illustrated in Figure.27.1, in inches (nm).

X is the greater of the two distances X1 or X2, as illustrated in Figure 27.1, in inches (mm).
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Figure 27.1

Dimensions of a direct plug-in unit

HH-

. !—C,G.
2 I -

FRONTSVIEW

A |
1 e
P
* |

SIDE VIEW

C.G. = Center of Gravity

CP100
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27.4 The moment and weight specified in 27.2 are to be determined as follows:

a) For units with an output cord, the cord is to be cut off at the enclosure, or at the strain relief
means if the strain relief means is outside the enclosure.

b) For units with integrally mounted accessories or optional components, the values are to be
measured with the accessories or components in place.

27.5 When inserted in a parallel-bladed duplex receptacle, any part of a unit, including output wiring,
shall not interfere with full insertion of an attachment plug into the adjacent receptacle. See Figure 27.2.

Exception: A unit that renders the adjacent receptacle completely unusable in any one mounting position
meets the infent of the requirement.
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TAP FOR NO.6-32 PLATE SCREW

Figure 27.2

Parallel duplex receptacles
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28 Grounding

28.1 When a portable AFCI is provided with a grounding-type attachment plug, the accessible
conductive parts and the equipment grounding conductor of a cord-connected portable AFCI shall be
conductively connected to the grounding contacts of the attachment plug and any of the receptacle outlets.

29 Enclosures

29.1 The polymeric enclosure of a portable AFCI shall comply with the requirements of the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

CORD ARC-FAULFEIRECUHTINTERRUPTERS
30 Genera

30.1 In addition to the construction requirements in Sections 6 — 15, and Cords) Section 6 and Direct
Plug-In, Section 27, a cord AFCI shall comply with the construction requirements‘in Sections 30 — 33.

30.2 A cord AFCI need not be provided with an integral cord.

30.3 A corgl AFCI shall provide protection in the event that the“grounded conductor bgécomes open
circuited.

Exception: Al cord AFCI constructed with arc fault protection circuitry integral to the attachment plug and
intended for @ dedicated load need not comply with thetfequirements of 30.3.

31 Plugs/Receptacles
31.1 A cord AFCI shall not be provided with*any outlets.

31.2 The aftachment plug provided.with a portable AFCI shall comply with the dimensigns and other
appropriate gonstruction requirements of the Standard for Attachment Plugs and Receptacles, UL 498.

32 Grounding

32.1 The afcessible¢onductive parts and the equipment grounding conductor of a cord AFCI provided
with a cord shall be*cenductively connected to the grounding contacts of the attachment plug

33 Enclosures

33.1 The polymeric enclosure of a direct plug-in device shall comply with the requirements of the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluation, UL 746C and with the
Crushing Test, Section 56.

PERFORMANCE

34 General

34.1  An AFCI shall comply with the performance requirements in Sections 34 — 58 as detailed in Table
34.1 and Table 34.2.
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Table 34.1

Test sequence

Test name

Conditioning/environmenta

|a

Overload/endurance®

Other®

Conditioning
Impact
Drop
Humidity
Leakage

Voltage surge

Environmental $equence
Arc fault detection
Unwanted tripp|ng
Inhibition
Temperature
Overvoltage
Overload
Endurance
Dielectric withsfand
Abnormal
Short circuit
Crushing
Strain relief

Mechanical

X X X X X X X

X /X X X

YA A " T YA 4

@ The same repfesentative AFCI shall be subject to the tests in the sequence shown.
b A new represéntative AFCI shall be subject to_alhof the tests in the sequence shown.

¢ These tests n¢ed not be conducted in the sequence shown and may be conducted on new representative AFCls, ¢xcept when
the dielectric vdltage withstand is required:as part of another test.

Table 34.2
Arc fault detection tests table
Outlet circuit AFCI
Branch/ Combina Without Portable
ests feeder AFCI tion AFCI With feed feed AFCI Cord AFCI
40.2 Carbonized path arc
ignition test
NM-B conductor cut X X
40.3 Carbonized path arc
interruption test
SPT-2 insulation cut X X
NM-B insulation cut X X
40.4 Carbonized path arc
clearing time test
SPT-2 insulation cut X X X X X

Table 34.2 Continued on Next Page
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Table 34.2 Continued
Outlet circuit AFCI
Branch/ Combina Without Portable
Tests feeder AFCI | tion AFCI With feed feed AFCI Cord AFCI
40.5 Point contact arc test
SPT-2 insulation cut X X X X X X
NM-B insulation cut X X
41 Unwanted tripping tests
41.2 Load condition | — inrush X X X X X X
current
41.3 Loagl condition Il — normal
operation arcing
conditionsa—-c X X X X X X
conditionsd—g X
41.4 Load condition Il — non- X X X X X X
sinugoidal waveform
41.5 Logd condition IV- cross X X X
talk
41.6 Load condition V — X X X X X
multiple load
41.7 Lodd condition VI —lamp X X X
burnout
42 Opefation inhibition
42.2 Masking X X X X X
42.3 EMI filter X X X X X
42.4 Line impedance X X X
NOTE - All SHT-2 wire specimens shall have insulation rated 60°C.
34.2 The ayailable short-circuit current for the tests in Sections 39 — 42 shall be 500 A RMS[£10 percent.
34.3 Whenl|test currents of less‘than 500 A are required, the current shall be limited by adding lengths of
wire for curfents of 75 A(and higher and by adding resistances for currents less than 75 A. For
branch/feeddr and combination AFClIs, the wire or resistances shall be inserted into the tesf| circuit on the
load side of the devicelunder test. For outlet circuit AFCls, the wire shall be inserted into the [test circuit on
the line side pf the device under test, and the resistances shall be inserted into the test circuit on the load
side of the dgvice under test. See Figure 34.1.
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Figure 34.1
Test for outlet circuit operation with "Current-Limiting Wire" upstream of outlet
Isc =75 amperes
OFF
Uﬁ
Current limiting wire U_

— /

$4399 Outlet AFCI
35 Drop and Impact Tests
35.1 Genergpl
35.1.1 After|being tested as described in this Section, an‘AECI shall not have any exposed live parts as
determined by using the accessibility probe, Figure 7.1 andsshall continue to function as intengled.

35.2 Impac

35.21 Ano
solid, smooth

rest through the distance required to cause the specified impact upon the surface under tes

under test is
normal servig
be used.

35.3 Dropt

35.3.1 Aco
part will strike

 test

Litlet circuit AFCI with receptacle'outlets shall be subjected to a 5 ft-Ib impact im
steel sphere 2 inches (50.8'mm) in diameter. The sphere is to be allowed to f4

to be mounted in a box“as intended. The surfaces to be tested are those ex

e. When it is necessary to test more than one surface, the same or an additions

pst

d or portable AFCl is to be allowed to fall from a height of 3 feet (0.9 m) such th
a hardwood surface in each of three drops.

barted from a
Il freely from
. The device
posed during
| device is to

at a different

35.3.2 The hardwood surface mentioned in 35.3.1 is to consist of a layer of nominal 1-inch tongue-and-
groove oak flooring mounted on two layers of 3/4-inch (19-mm) plywood. The surface is to be a square 4 ft
(1.2 m) on a side. The assembily is to rest on a concrete floor or the equivalent.

36 Humidity Conditioning

36.1 A representative AFCl is to be exposed for 168 hours to air at a relative humidity of 93 +2 percent at
a temperature of 32.0 +2.0°C (89.6 +3.6°F). The device is to be exposed to ambient air at a temperature of
at least 30°C (86°F) until thermal equilibrium is attained before being placed in the test chamber.

37 Leakage Current Measurement

37.1 The leakage current of an AFCI, when tested in accordance with 37.2 — 37.6, shall not be more than
0.5 mA.
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37.2 All accessible parts of an AFCI are to be tested for leakage currents. The accessible parts are to be
tested individually, collectively, and from one part to another.

37.3 If a surface other than metal is used for the enclosure or part of the enclosure, the leakage current
is to be measured using metal foil with an area of 10 by 20 cm in contact with the surface. Where the
surface is less than 10 by 20 cm, the metal foil is to be the same size as the surface. The metal foil is not to
be pressed into openings and is not to remain in place long enough to affect the temperature of the device.

37.4 The measurement circuit for leakage current of a portable or cord AFCl is to be as shown in Figure
37.1. The measurement instrument is defined in (a) — (d) below. The meter that is actually used for a
measurement need only indicate the same numerical value for a measurement as would the defined
instrument. The meter used need not have all the attributes of the defined instrument

a) The meter is to have an input impedance of 1500 ohms resistive shunted by aCapacitance of
0.15 |iF.

b) The meter is to indicate 1.11 times the average of the full-wave rectified.composite waveform of
voltage across the resistance or current through the resistance.

c) Over a frequency range of 0 — 100 kHz, the measurement ‘circuitry is to havg a frequency
respanse (ratio of indicated to actual value of current) that is equal to the ratio of the jmpedance of
a 1500-ohm resistance, shunted by a 0.15-pyF capacitance; 4o 1500 ohms. At an indication of 0.5
mA, the measurement is to have an error of not more than-five percent at any frequency within the
rangg of 0 — 100 kHz.

d) Unjess the meter is being used to measure leakage from one part of the sample tp another, the
meter is to be connected between the accessible.parts and the grounded supply conductor.

Figure 37.1

Leakage-current measurement circuits

S| S2
2=

i

PRODUCT METER
GR
st % INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

LC10Q

NOTES:
A — Probe with shielded lead.

B — Separated and used as clip when measuring currents from one part of the device to another.

37.5 A branch/feeder, combination, or outlet circuit AFCI is to be connected to the supply by way of the
terminals of the device, and tested in the same manner as a portable or cord AFCI except that switches S1
and S2 are not to be employed.

37.6 A representative device is to be tested for leakage current after the conditioning described in
Humidity Conditioning, Section 36. If removed from the humidity chamber, the testing is to start within one
minute after its removal. The grounding conductor of a portable or cord AFCI is to be open at the supply
receptacle and the grounding conductor of a branch/feeder or outlet circuit device unit is not to be used.
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The supply voltage is to be adjusted to 110 percent of the rated voltage. The test sequence, with reference
to the measuring circuit in Figure 37.1, is as follows:

a) With switch S1 open, the device is to be connected to the measurement circuit. The leakage
current is to be measured using both positions of switch S2 and with the sample switching devices
in all their positions.

b) Switch S1 is then to be closed, energizing the device, and within a period of five seconds, the
leakage current is to be measured using both positions of switch S2 and with the control settings

varied

throughout the operating range.

c) Leakage current is to be monitored at mtervals necessary to determlne the maximum leakage

38 Voltage
38.1

38.1.1 The
terminals, as
38.2, the SU
Overvoltage
of the require

38.1.2 The arc-fault circuit-interrupter is to be connectedto a supply of rated voltage. The gr
the arc-fault circuit-interrupter is to be connected to the supply conductor s¢rving as the

or terminal o
neutral. The g

38.2 Unwanted tripping test (Ring wave)

38.2.1 One
applications ¢
controlled ap
wave, one at

38.2.2 The
generator, the

a) Initi

ingd Both posrtrons of switch 82 are to be used in determrnrng this measurement

General

Test, Section 51, and the Supplemental Voltage Surge’Immunity Test, Section 6

Surge Test

ine side terminals of the arc-fault circuit-interrupter, including both Line-Neutral ¢
provided, shall be subjected to the following surge tests:)Unwanted Tripping
rge Immunity Test, Section 38.3, the Surge Current Test, Section 50, th

ments is met by using separate representative devices for each test.

rc-fault circuit-interrupter is to be in the*on" condition with no load connected.

representative arc-fault cireuit-interrupter shall not trip after being subjected tq
r three controlled applications of a 3 kV surge applied at 60 second intervals
blications are empleyed, one application is to be essentially at zero of the su
he positive peakjand one at the negative peak.

surge generator is to have a surge impedance of 50 ohms. When there is ng
waveformof the surge is to be essentially as follows:

al rise-time, 0.5 microseconds between 10 percent and 90 percent of peak ampli

quilibrium is

nd Line-Line
Test, Section
e Abnormal
0. The intent

ounding lead

ten random
When three

pply voltage

load on the

tude;

b) The period of the following oscillatory wave, 10 microseconds; and

c) Each successive peak, 60 percent of the preceding peak.

38.2.3 Figure 38.1 and Figure 38.2 show a typical surge generator and control relay, respectively.
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Figure 38.1
Typical surge generator circuit
+/-
0-9KV
DC R3
o, NN
S3 3A "LINE” OUTPUT
Mh/j-r L FY Y YA O————"
IJ I
11 R |
A
120 Vv ‘ ‘ CR-1 |
60 Hz — T I
2 I
=3 | !
o] 1:1 o, | DEVICE
500 VA 4= L2 Cy UNDER
T [ TEST
l T
I
I
I
|
I
o GROUND o—o O——"—-——' .
NEUTRAL"/
GROUND
SB1292 RELAY
CONTROL

C,=0.025 pF, 10 Kv
C,=0.01 yF, 10/Kv
C3=4 uF, 400 v|

L, =70 pH [28 tlirns,"23 AWG wire, 2.6 inch (66 mm) diameter air core]

Ly =15 pH [23 tdirns, 23"AWG wire, 0.7 inch (18 mm) diameter air core]
R; =22 Ohms, IAAmem:

ition

R, =12 Ohms, 1 W, composition
Rz =1.3M Ohms (12 x 110X Ohms, 1/2 W)
R4 =47K Ohms (10 x 4.7 Ohms, 1/2 W)

Rs =200 Ohms, 1/2 W
CR-1 = Relay
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Figure 38.2
Typical relay control circuit for surge generator
Ry Dy
NW\P—o—e
sz CR-1
T
o . |
120 V + CRO GATE
60 Hz Ci T~ SCR1 INPUT
o
1:1
50VA
SB1293

R4 =10K Ohms, [l W
R, = 1K Ohms, 1J2 W

Rs; = 1K Ohms, 17ZW

C,=32pF, 250V

D, = IN5060 or equivalent

D, = IN5060 or equivalent

SCR1 = GE C122B or equivalent

CR-1 = Relay GE CR 2790 E 100 A2 or equivalent
T, = Triad N4S X or equivalent
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38.3 Surge immunity test (Combination wave)

38.3.1 The AFCI subjected to the Unwanted Tripping Test shall be subjected to the Surge Immunity Test
without demonstrating, either during or after testing:

a) Emission of flame, molten metal, glowing or flaming particles through any openings (pre-existing
or created as a result of the test) in the product;

b) Ignition of the enclosure; or

c) Creation of any opening in the enclosure that results in accessibility of energized parts, when
judged in accordance with Accessibility of Energized Parts, Section 7.

38.3.2 The|test method is to be conducted in accordance with the testing methods~degcribed in the
Electromagngtic Compatibility (EMC) — Part 4-5: Testing and Measurement Techniques_>"Syrge Immunity
Test, IEC 61000-4-5.

38.3.3 Thelsurges shall be applied at phase angles of 90 and 270 electrical degrees.

38.3.4 Thelsurge impulse test levels in Table 38.1 shall be used.

Table 38.1
Surge impulse test leévels
Impulse?
Peak voltage (KV p) Peak current (KA p)
4 2

@ Combination[1.2/50 us, 8/20 us Voltage/Current surge waveform. For specifications and tolerances, refer to the IREE
Recommendedl Practice on Surge Voltages in Low-Voltage AC Power Circuits (ANSV/IEEE), IEEE C62.41.

38.3.5 The|AFCl is permitted to trip\during surge immunity testing. If the AFCI trips, it is to [be reset prior
to the next syrge application.

38.3.6 Following exposuré_to the voltage surges the AFCI shall be in a condition to continue the test
sequence in [Table 34.1.

39 EnvironmentalTest Sequence

39.1 Adev ) 3 iate), humidity,
leakage current, and voltage surge, shaII comply with the tests in Arc Fault Detectlon Tests, Section 40,
while operating in ambient air at 25°C. The same representative device shall respond to the presence of
an arcing fault by being subjected to a repeated Point contact arc test, while in ambient air at 66, -35, and
25°C by following the sequence shown in Table 39.1.

39.2 Before starting the test sequence in Table 39.1, the mounting position of the device under test shall
be studied to determine whether there is one position that is more adverse to correct operation than
another position. This study is to be made by introducing faults or by injecting signals that simulate faults
while the device is placed in different positions. The mounting position of a device that is marked to specify
a mounting position is to be varied from the marked mounting position by not more than 10 degrees in any
direction. A representative AFCI that has not been conditioned or subjected to other tests is to be used for
this study. The device that has been conditioned is to be subjected to the tests in Table 39.1 while
mounted in the position determined to be most adverse. When no position is found to be most adverse, the
test sequence is to be performed with the device mounted in any convenient position.
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Table 39.1

Test sequence for arc fault detection tests

Ambient air temperature?®

Operating parameters

Remarks

1. 25.0 +5.0°C
(77.0 +9.0°F)

2. 25.0+2.0°C
(77.0 +3.6°F)

3.0 66.0 +2.0°C
(150.8 +3.6°F)

4> 66.0 +2.0°C
(150.8 £3.6°F)

No voltage applied

Rated voltage

Rated voltage and current

Rated voltage

Establish thermal equilibrium with at least two hours of
exposure. Do not test.

Test per Section 40 as soon as possible to minimize self-
heating.

Establish thermal equilibrium with at least two hours of
exposure. Do not test.

Test per Section 40.5.

5.° 40.0 2.0°C
(104.4 +3.6°F)

6. 40.0 #2.0°C
(104.4 +3.6°F)

7. 25.0 #5.0°C
(77.0 $9.0°F)
8. -35.0 $2.0°C
(-31 £B.6°F)
9. -35.0 $2.0°C
(-31 £B.6°F)
10. 25.0 #5.0°C
(77.0 $9.0°F)
1. 25.0 #5.0°C

(77.0 }9.0°F)

Rated voltage and current

Rated voltage

No voltage applied

No voltage applied

Rated voltage

Rated voltage and current

Rated voltage

Establish thermal equilibrium with at leastfvo hours of
exposure. Do not test.

Test per Section 40.5.

Establish thermal equilibrituim with at least tivo hours of
exposure. Do not test.

Establish thermal eguilibrium with at least tivo hours of
exposure. Do notitest.

Tests per Section 40.5 as soon as possible|to minimize
self-heating

Establish thermal equilibrium with at least tivo hours of
exposure. Do not test.

Test per Section 40.5.

2 The ambient gir temperature is to be changed to each value shewn without intentional delay.

® In the event tHat an AFCl is self-protecting such that it trips\atthis ambient temperature, lower values of load curreft are to be
employed, untillthe device just continues to operate, if possible.

¢ This test is nof to be performed if steps 3 and 4 haye been performed employing rated current.

40 Arc Fault Detection Tests

40.1 Generfl

40.1.1 In order to demonstrate that the AFCI can detect and protect against arcing, a rg¢presentative
AFCI of each|rating shall be tested for each test within the appropriate test series as defined |in Table 34.2
and describefl in this Section. Unless otherwise indicated, tests with nonmetallic sheathed cable (Type

NM-B) shall utilize\cable specimens which include a bare equipment grounding conductor.

40.2 Carbonized path arc ignition test

40.2.1 After being tested as described in this Subsection, the representative AFCI shall interrupt the
electric circuit to the load prior to ignition of a cotton fire indicator.

40.2.2 A Carbonized Path Arc-Fault Tester as shown in Figure 40.1 and described in 40.2.3 and 40.2.4 is
used to condition the conductors and test the AFCI.

40.2.3 The schematic for the Carbonized Path Arc-Fault Tester is shown in Figure 40.1. A 10 seconds
ON and 10 seconds OFF timer is used to control a contactor. Two form A contacts are wired in series as
shown. A 15 kV £10 percent center tapped gas tube sign transformer is used to provide a 30 mA current
source for creating a carbonized conductive path across the insulation of the cable specimens.
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Figure 40.1

Carbonized path tester — arc ignition test (load deenergized)
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40.2.4 The testis initiated by energizing the transformer through the normally closed relay contacts. The
transformer's 30 mA secondary current flows through the gap in the cable specimens (caused by the cut
wire) and load. The cable specimen's input terminal voltage becomes impressed across the gap in the
cable plus the voltage across the load with 30 mA flowing in the test circuit. After 10 seconds the relay is
energized, de-energizing the transformer, allowing the 120 VAC input voltage to be applied to the cable
specimen's line-to-neutral terminals through the relay's normally opened contacts. After another 10
seconds the relay is opened and the 30 mA high voltage cycle is repeated. These 10 second cycles of
high voltage and rated voltage are to be repeated until the device opens. Interruption of the electric circuit
during the high voltage cycle does not count as meeting the intent of the test. An oscilloscope is to be
utilized to determine the moment of interruption. It shall be permissible to modify the test circuit such that

current does not flow through the device under test during the high voltage conditioning cycle.

40.2.5 The AFCI shall be tested with three samples of nonmetallic sheathed cable (Type-N
of rated ampdgcity for the device being tested, at each current level.

40.2.6 The fest apparatus is to be located between the AFCI and a resistive load;-The tape
prepared conductor specimen is to be loosely wrapped with surgical cotton. Theyload resist

adjusted for

need not be ¢ontinued if either result is not achieved within a period of 5 minutes. In this ca

considered t
accordance W
percent of ra
specimen is t

40.2.7 The

a)Am
each 4

b) The ungrounded circuit conductor is to be cut as indicated in Figure 40.1 withg

insula

c) The
with t\
aroun

40.2.8 The
the testerin H

A. The test is to be conducted until the AFCI trips or the cotton“ignites, exce

be indeterminate and is to be repeated with a new_gonductor specimen
ith 40.2.7. The test is to be repeated with the load adjusted for 10 A, rated cur
ted current RMS without the presence of a serie§™arc. For each test a ne
b be used.

conductor specimens are to be prepared as follows:

inimum 8-inch (203-mm) length of cable,is'to be stripped of insulation 1 inch (2
nd.

ion on the other conductor.

cut is to be wrapped with two layers of electrical grade black PVC tape and
o layers of fiberglass tape. The tape is to be centered on the cut and wrappe
| the cable specimen.

est in 40.2.6is'to be repeated with the cut in the grounded circuit conductor (n]
igure 40.2;

M-B copper),

d area of the
ance is to be
pt that a test
se the test is
prepared in
ent, and 150
w conductor

5.4 mm) from

ut damaging

bverwrapped
d completely

eutral) using
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Figure 40.2

Carbonized path tester — arc ignition test
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40.3 Carbonized path arc interruption test

40.3.1 As aresult of being tested as described in this Subsection, an AFCI shall clear the arcing fault if 8
half-cycles of arcing occur within a period of 0.5 seconds. For the purposes of these requirements, an
arcing half-cycle is considered to be all of the current traces occurring within a period of 8.3 ms (for a
device rated 60 Hz). Within that time period there may be current flow for some but not all of the time. Prior
to and following each period of current flow, there may be a period of no current or very reduced current.
Very reduced current is considered to be current with an amplitude less than 5 percent of the available
current or current that continues for not more than 0.42 ms. This may last for either a portion of a half cycle
or for several half cycles. A complete sinusoidal half cycle of current flow is not considered to be an arcing
half cycle. When counting arcing half-cycles, the first half cycle corresponding to the initiation of the
current shall not be included in the count.

40.3.2 The ford and cable specimens shall be 16 AWG (1.3 mm?) two-conductor Type JPT-2 flexible
cord and nonetallic sheathed cable (Type NM-B copper) of rated ampacity for the AFClbeing tested.

40.3.3 The [ests shall be performed at fault current levels of 75 A and 100'Ay"The schematic for the
carbonized path arc interruption tester is shown in Figure 40.3.

40.3.4 The ¢ord or cable specimen is to be prepared as follows:

a) A minimum 8-inch (203-mm) length of cord or cable is‘o)be stripped of insulation| 1 inch (25.4
mm) ffom one end of the specimen.

b) A thansverse cut is to be made across the midpoint of the specimen. This cut is to penetrate the
insulation to all of the conductors. The cut is to be\wrapped with two layers of electricgl grade black
PVC tape and overwrapped with two layers of fiberglass tape.

40.3.5 The prepared specimen is to be installedtin the tester in Figure 40.3.
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Figure 40.3

Carbonized path tester — arc interruption test, insulation only cut
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40.3.6 The testis initiated by energizing the transformer through the normally closed relay contacts. The
transformer's secondary current flows from one conductor of the specimen to the adjacent conductor or
conductors (through the cut in the insulation). The cable specimen's input terminal voltage becomes
impressed across the space between conductors. After 10 seconds the relay is energized, de-energizing
the transformer, allowing the 120 VAC input voltage to be applied to the cable specimen's line-to-neutral
terminals through the relay's normally opened contacts. After another 10 seconds the relay is opened and
the high voltage cycle is repeated. These 10 second cycles of high voltage and rated voltage are to be
repeated until the device opens. Interruption of the electric circuit during the high voltage cycle does not
count as meeting the intent of the test. It shall be permissible to modify the test circuit such that current
does not flow through the device under test during the high voltage conditioning cycle.

40.3.7 If the AFCI opens, the test is to be repeated at the next fault current level. If the arcing fault self
extinguishes ith less than 8 arcing half cycles within a period of 0.5 seconds, the test sequence is to be
repeated. The 0.5 s period is considered to begin with the first arcing half cycle.

40.4 Carbohized path arc clearing time test

40.4.1 After|being tested as described in this Section a representative AFCI shall clear the arcing fault in
the time specified in Table 40.1 for the current level being tested.

Table 40.1
Arc test clearing times

Test curren{, Amperes® 15 Amp AFCI 20 Amp AFCI 30 Amp AFCI
g 1sec 1sec 1sec
1P 0.4 sec 0.4 sec 0.4 sec
Rated ¢urrent 0.28 sec 0.20 sec 0.14|sec
150 percent fated current 0.16 sec? 0.11 sec? 0.1 sec
0.19 sec? 0.14 sec®

@ Required cleafing time when the switch is clgsed on the load side of the AFCI. See 40.4.6.
b Required cleafing time when the AFCI is.closed on the fault. See 40.4.6.

¢ Tests at 120 \|are also applicable td cord AFCls rated 120 V/240 V.

40.4.2 Spedimens of Type SPT-2 16 AWG (1.3 mm?) cord are to be prepared as follows:

a) Thg cordsspecimens are to be cut to a minimum length of 8 inches (203 mm) and the individual
wires $eparated at each end of the cord specimen for 1 inch (25.4 mm).

b) The insulation across both wires is to be slit 2 inches (50.8 mm) from one end to a depth to
expose the conductors without severing any strands.

c¢) The slit in the insulation is to be wrapped with a double layer of electrical grade black PVC tape
and overwrapped with a double layer of fiberglass tape.

d) The conductors are to be stripped at the end farthest from the slit approximately 1/2 inch (12.7
mm) for connection to the test circuits.

40.4.3 The cord specimens shall be conditioned using a supply of sufficient voltage(s) and current(s) to
rapidly pyrolyze the insulation at the slit in the cord and create a carbonized conductive path across the
insulation between the cord conductors. The carbonized path shall be considered complete if a 100 W
incandescent lamp in series with the path draws 0.3 A or can start to glow at 120 V. The following steps
are one method that is known to produce such a carbonized path:
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a) The cord specimen is to be connected to a circuit providing 30 mA short circuit current and an
open circuit voltage of at least 7 kV. The circuit is to be energized for approximately 10 seconds or
until the smoking stops.

b) The cord specimen is to be connected to a circuit providing 300 mA short circuit at a voltage of at
least 2 kV or sufficient to cause the current to flow. The circuit is to be energized for approximately
one minute or until the smoking stops.

It shall be permissible to modify the test circuit such that current does not flow through the device under
test during the high voltage conditioning cycle.

40.4.4 The tests shall be conducted at the rated voltage of the AFCI and at the current level specified in
Table 40.1 Epch AFCI shall be tested with three cord specimens at each current level and the AFCI shall
meet the tes{ criteria with each specimen. Each cord specimen shall only be used for oné tesi.

40.4.5 The|current shall be limited by a purely resistive load ahead of and-in)series With the cord
specimen in the test circuit.

40.4.6 Theltest shall be conducted by connecting the cord specimen in seriés with the AFCJ. The AFCl is
to be closed jon the fault and allowed to open the circuit. The test is to be repeated by closirlg a switch on
the load side|of the AFCI. See Figure 40.4.

Figure 40.4

Carbonized path arc clearing time test

Variable
Load

W

AFCI S ﬁj;ﬁ;
BN S

Spec|me

40.5 Point contact arc test

40.5.1 The test apparatus for the point contact arc test shall be as shown in Figure 40.5, or equivalent.
The steel blade shall be 0.05 inches (1.27 mm) thick (nominal), with approximate dimensions of 1-1/4
inches (32 mm) by 5-1/2 inches (140 mm). The blade may be replaced as necessary. The blade may be
sharpened if agreeable to all concerned. This shall be attached to a lever arm to maintain a cutting angle
to produce the effect described in 40.5.5. Using the test apparatus shown in Figure 40.5, or equivalent, the
blade is to be positioned so that solid contact is made with one conductor and arcing contact is made with
the second conductor.

40.5.2 The conductor samples to be tested shall be two conductor 16 AWG (1.3 mm?) Type SPT-2
flexible cord and nonmetallic sheathed cable (Type NM-B copper) of rated ampacity for the AFCI being
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tested. The samples shall be a maximum of 4 feet (1.22 m) long and shall be positioned below the blade
as shown in Figure 40.5.

Figure 40.5

Point contact arc test apparatus

Nonconductive lever arm

Steel blade
0.05 inches (1.27mm) thick| (nominal)

Cord under test

Nonconductive base

Angle |of blade adjusted such that blades makes solid contact
with conductor nearest the hinge, and-point contact with the
other |conductor.

S4103C

40.5.3 The Ilests shall be conducted at rated voltage of the AFCI and at 75, 100, 150, 200, 800, and 500
A. The ampete levels are limited\by lengths of cable. The AFCI shall be tested with three samples of each
wire type at epch current level.Each wire sample shall only be used for one test.

40.5.4 The [circuit shall"be connected to a supply that meets the requirements of PERFORMANCE,
General, Section 34:

40.5.5 The test'shall be conducted by connecting the cord or cable specimen in series with the AFCI.
The cutting edge of the lever arm (the length of the blade edge to be in contact with the representative
conductors) is to be anywhere along the length of the cutting edge of the blade. The circuit shall be closed
and a slow steady vertically direct force shall be applied to the lever arm so as to allow the blade to cut
through the insulation of the conductor specimen under test. The blade is to make solid contact with one
conductor and then point contact with the other conductor.

40.5.6 The AFCI shall clear the arcing fault if 8 half-cycles of arcing occur within a period of 0.5 seconds.
The test is to be repeated with a new cord or cable specimen if the arcing is of a shorter duration than 8
half-cycles and the AFCI does not trip. An arcing half-cycle is as defined in 40.3.1.
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41.1.1

Unwanted Tripping Tests

General

A representative AFCI of each rating shall not trip after being tested under each of the 120-V
loading conditions as described in this Section. When tripping occurs, an additional five representative
AFCls of the rating under test shall be tested and shall not trip.

41.2 Loading condition | — inrush current

41.2.1

41.3

41.3.1

Loading condition | is as follows:

a)A

close
degre
side ¢
degrg

b) A ¢
to be|

operdted for one minute then switched off. The test shall he“repeated five times.

allow
test.

Loadi

Loadling condition Il is as follows:

a)AV
for on
times
start {
is to 4

b) Al
and h
as fol

hg condition Il — normal operation arcing

000-W tungsten load consisting of four 150-W bulbs and four 100-W bulb$ -
1, the load shall be energized by using a controlled switch closing the circuit at

es on the voltage waveform or 60 times with random closing. The switchlis to G
f the AFCI. The maximum peak inrush shall not be less than 100 A;when me3
e closing angle. The lamps are to cool for one minute between eachi energizatio

apacitor start (air compressor type) motor with a peak inrush cufrent of 130 A 4
started under load (compressor operating without any ‘air pressure in the

pd to come to rest after each "off" operation. The ait tank is to be empty at the

acuum cleaner rated at 10.8 — 12 Afull load having a universal motor shall be st
e minute and then switched off tsing the switch on the appliance. This test is to

The vacuum cleaner shall then be started by plugging the vacuum into a wall
he motor and run for ong'minute then unplugging the motor from the wall recept
e repeated five times. Thé motor is allowed to come to rest after each off operat

i-metallic applianice (such as flat iron, skillet, or similar appliance) rated 1200 V}
aving slow-make’ slow-break thermostatically controlled contacts for temperat
OWS:

centacts are to open and close at least 25 times.

Vith the AFCI
B0, 60 and 90
e on the load
sured at a 90
.

10 percent is
air tank) and
The motor is
start of each

arted and run
be repeated 5
receptacle to
Acle. This test
on.

V £10 percent
ire regulation

1) The_appliance shall be operated for 4 hours continuously during which the thermostat

2y During @ =minute period the appliance shattbe rapidty movedand-joftedan
into the normal rest position 10 times.

d then placed

¢) A 1000-W tungsten load consisting of four 150-W bulbs and four 100-W bulbs shall be controlled
by a general-use snap switch. The load shall be energized "on" and "off" for 10 cycles using normal
force and care. The test is to be performed at a rate of 6 — 10 operations per minute. The bulbs
need not be allowed to cool.

d) The test in 41.3.1(c) is to be repeated with a general-use snap switch that complies with the
Standard for General-Use Snap Switches, UL 20, and has been conditioned by cycling for 30,000
operations under rated load conditions of 15 A, 120 V, with 10,000 operations of resistive load,
10,000 operations with a load power factor of 75 — 80 percent, and 10,000 operations with a
tungsten lamp load.
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41.4

41.4.1

e) An electronic variable-speed electric hand-held shop tool rated 5 — 7 A that has been
conditioned by undergoing 24 hours of continuous operation under a no-load condition at maximum
speed. The speed shall be evenly varied from minimum to maximum and again to minimum every
10 seconds for one minute under a no-load condition.

f) A ceiling fan speed control (capacitive type with a rotary switch) rated 1.5 A controlling a ceiling
fan. The speed shall be varied from the "off" position to maximum and again to the "off" position
every 10 seconds for one minute.

g) An air purifier (a model employing electrostatic forces to move air and containing UV lamp to
provide germicidal protection) shall be started by plugging the purifier into a wall receptacle to start
the air moving and run for one minute, then unplugging the device from the wall receptacle. The
devic

o Lol lo 4l £o11 H FY
S0T0UId TIave UIc IUIIUVVIIIu DGLLIIIyD.
1) Power control switch — in the highest air movement position.

2) Mode control switch — in “ON/GP” position (power + UV light).The-test is to
20 times.

be repeated

The tq
power

st also should be conducted 20 times with the mode controlhswitch in “OFF’
and no UV light).

position (no

Loading condition lll — non-sinusoidal waveform

Loading condition lll is as follows:

a) A 1000-W electronic lamp dimmer (thyristorstype) with a filtering coil controllin
tungsten load consisting of four 150-W bulbs and four 100-W bulbs. The dimmer is to

g a 1000-W
be turned on

for 1
and at
betwe
contrg

b)Ap
The s
secon
but no

c) An
120V
minim
7th. T

ninute each with the dimmer preset.atfull on, conduction angles of 60, 90, and
the minimum setting that causes the lamps to ignite. The lamps are to cool fg
bn each energization. The testis-to be repeated with a 600-W dimmer without
lling a 600-W tungsten load cansisting of two 150-W bulbs and three 100-W bull

reviously unconditioned electronic variable-speed electric hand-held shop tool
beed shall be evenly. varied from minimum to maximum and again to minim
s for one minute uhder a no-load condition. A tool that has been used for a j
t conditioned far 24 hours, is capable of being used as an unconditioned tool.

electronie_switching mode power supply (or power supplies), having a total lo
of at least5 A with a minimum Total Harmonic Distortion (THD) of 100 percent, 3
Lim_current harmonics of 75 percent at the 3rd, 50 percent at the 5th, and 25 p
ne_power supply (or power supplies) shall be turned on for one minute and then t

120 degrees,
r one minute
 filtering coil
S.

ated 5 — 7 A.
m every 10
revious test,

ad current at
nd individual
ercent at the
urned off.

d) Two 40-W fluorescent lamps plus an additional 5-A resistive load. The lamps are to be initiated
from a cold start and operate for at least 10 seconds.

e) At the manufacturer’s option, a high wattage electronic lamp dimmer (thyristor type) with a
filtering coil controlling a tungsten load as specified in Table 41.1. The dimmer is to be turned on for
1 minute each with the dimmer preset at full ON, conduction angles of 60, 90, and 120 degrees,
and at the minimum setting that causes the lamps to ignite. The lamps shall cool for one minute
between each energization.
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Table 41.1
Optional high wattage dimmer lamp loads

AFCI amp rating Tungsten lamp load (W) Lamps
15 1400 6-150 W
5-100 W
20 1900 8-150 W
7-100 W

41.5 Loadi

41.5.1 Loacliing condition IV is as follows:

a) Tw
AFCI
shall
inch {
to md
excef]

b) Tw
AFCI
shall

(7.62
produ
prote

41.6 Loadi

41.6.1 The
AFCl rating.

41.7 Loadihg condition VI —lamp burnout

4171 As

41.7.2 A Type A incandescent, 100-W lamp is to be installed in the lampholder as shown
and energiz4gd in_a circuit as described in PERFORMANCE, General, Section 34 that is prg
AFCI. The lejver.arm is to be raised to approximately a 20 degree angle and allowed to drop

ng condition IV — cross talk

p branch circuits connected to the same ungrounded conductor of the source ci
protection and one without AFCI protection (but with conventionalyovercurre]
be installed using 14 AWG (2.1 mm?) copper Type THHN conductors in the s
fade size metal raceway. The conduit shall be 25 ft. (7.62 m) long and grounde
intain the conductors in close proximity. With arcing produced using the me
t only at 150 A, in the circuit without the AFCI, the AFCI pretected circuit shall ng

p branch circuits connected to the same ungrounded. conductor of the source ci
protection and one without AFCI protection (but™with conventional overcurre
be installed using 14 AWG (2.1 mm?) copper, Type NM-B cables. Each cable
m) long, with the cables secured under a common staple every 4 ft. (1.22 m
ced using the method in 40.5 except only@t™50 A, in the circuit without the A
cted circuit shall not trip.

hg condition V — multiple load

tests in 41.4.1 (b) and (d).are to be repeated with the total AFCI load curren
The additional load necessary to reach rated current shall be resistive.

result of being tested as described in this Section, the AFCI shall not trip.

cuit, one with
nt protection)
hme EMT 1/2
d, and serves
thod in 40.5,
t trip.

cuit, one with
nt protection)
shall be 25 ft.
. With arcing
-Cl, the AFCI

equal to the

n Figure 41.1
tected by the

This is to be

repeated until the lamp burns out. Preconditioning of the lamp for a few minutes at greater than rated

voltage is pe

rmitted to help promote lamp burnout at rated voltage.

41.7.3 The test apparatus is shown in Figure 41.1. The base and lever arm are to be approximately 48
inches (1.22 m) in length and constructed of wood or similar material. The lampholder is to be secured to
the lever arm approximately 30 inches (762 mm) from the hinged end of the apparatus.

4174 The

test is to be repeated three times.
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Figure 41.1

Lamp burnout test apparatus
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42 Operation Inhibition Tests

421 General

42.1.1 The masking the signal toroperate and EMI filter tests in Subsections 42.2 and 42.3,[respectively,
are to be cqnducted using the“apparatus described in 42.1.2 for a branch/feeder AFCIl and for a
combination AFCI, and in 42.1,3 or 40.4 for an outlet circuit, portable, or cord AFCI. The tedt methods of
42.1.3 or 40.4 shall also berapplied to combination AFCls. When the test in 40.4 is used, a shorting switch
is to be used|so as to fiotintroduce the fault during the start up conditions of the load. The fests shall be
initially conducted with_no inhibition load.

42.1.2 Whep“conducting the carbonized path arc ignition test in 40.2, it is to be performed jwith the load
energized using the apparatus in Figure 42.1.
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Figure 42.1

Carbonized path tester, arc ignition test (load energized)
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42.1.3 The arc generator test shall be conducted as follows:

To Power
Supply

S4093

a) An arc generator test apparatus shall be used for this test.

b) The arc generator consists of a stationary electrode and a moving electrode as shown in Figure

42.2.

c) One electrode shall consist of a 0.25-inch (6.4-mm) diameter carbon-graphite rod and the other
electrode shall be a copper rod. The arcing end of one or both electrodes may be pointed as shown

in Figure 42.2.

d) For the initial tests with no inhibition load, the AFCI and arc generator are connected in the
of Figure 42 .3 with current limited by a resistive load on the neutral side of the

circuit

rc generator.

Test vpltage shall be the rated voltage of the AFCI. Each AFCI shall be tested three-f
t level specified in Table 40.1.

curren

e) For
Figurg

the tests with inhibition loads, the AFCI and arc generator are connected in
42.3 with current limited by the loads specified in 42.2.1 and 423.%. Test vol

the rafed voltage of the AFCI. Each AFCI shall be tested three times for'each load con

f) Wit

g) Th

Excep
in Tah
assoc
above

\

Figure 42.2

Arc generator

n the electrodes touching each other, the circuit shall be clesed. The electrodes
separated slowly using the lateral adjustment until arcing occurs.

p total arcing time before the AFCI trips shall not exceed the values in Table 40.1].

tion: When the test current to which the Arc Fault Tester is exposed is not one
le 40.1, the allowable arc clearing time shall be determined by either usi
ated with the next higher test current, or by interpolating between the clearing
and below the actual test current.

mes at each

the circuit of
age shall be
iguration.

then shall be

of the values
ng the value
y time values

To|Load
i Moving

Stationary

Electrode a Electrode

iV AN

| - //////" Lateral
<@— Insulating Sliding Adjustment
Clamps Block % >
—  Fixed Base

a=0.7 £0.3 inches
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Figure 42.3

Arc generator test circuit

Arc

S Generator

>

500 A
available

— O MM >

S4092

Load

42.2 Masking the signal to operate

4221 The
accordance

40.2.6 orin ]

vith 42.1.1. The ARClshall clear the arcing fault as specified in the description
[able 40.1, depending on the AFCI type. For combination AFCls, both 40.2.6 a

AFCI shall be tested with each of the following masking loads using the

arc tests in
for the test in
nd Table 40.1

apply. The rgsistive load in‘Eigure 42.4 is to be 5 A. See Figure 42.4 for the circuit diagrams of the test

setup to be u

in which the
rms.

a)A

sed. When applying Configuration A or C of Figure 42.4, this test is not required
maskingJoad current, when measured before the arc is placed in the circuit, is |

deuum cleaner described in 41.3.1(a).

for conditions
bwer than 5 A

b) An electronic switching mode power supply (or power supplies) described in 41.4.1(c).

c¢) A capacitor start (air compressor type) motor described in 41.2.1(b).

d) A 1000-W and 600-W electronic lamp dimmer described in 41.4.1(a).

e) Two 40-W fluorescent lamps plus an additional 5-A resistive load.

Exception: When the test current to which the Arc Fault Tester is exposed is not one of the values in Table
40.1, the allowable arc clearing time shall be determined by either using the value associated with the next
higher test current, or, by interpolating between the clearing time values above and below the actual test

current.
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Figure 42.4

Test configurations for operation inhibition tests
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42.3 EMI filter

42.3.1 The AFCI shall be installed in the following circuits. An arc test as described in Subsection 42.1
shall be introduced with a 5-A load. The AFCI shall clear the arcing fault as specified in the description for
the testin 40.2.6, or in Table 40.1, or in 40.2.6 and Table 40.1, depending on the AFCI type.

a) Two EMI filters of 0.22 pF shall be installed. One filter shall be installed at one end of two
resistive loads of 50 ft. (15.2 m) lengths of 12 AWG (3.3 mm?) Type NM-B cable. Each filter shall be
on the end of approximately 6 ft. (1.8 m) of 16 AWG (1.3 mm?)Type SJT flexible cord. The arcing
shall be initiated as shown in Figure 42.5.

b) An EMI filter as described in Figure 42.7 shall be installed at the end of 50 ft. (15.2 m) of 12 AWG
(3.3 11 e : T /G (1.3 mm?)
Type BJT flexible cord. The AFCI and the arcing shall be located as shown in Figure.42.6.

When testing an outlet circuit AFCI without feed through or a portable AFCI, 20 ft.(6.1"m) of{ 16 AWG (1.3
mm?) Type SPT-2 flexible cord is to be substituted for the 50 ft. (15.2 m) lengths of Type NM-B cable.

Figure 42.5
EMI filter test #1

line
Arc
AFCl gnd | o0 ft 50 ft Location
- |t 12 AWG NM-B 12 AWG NM-B |
6 ft S0 Ly, F —0.22 uF
54040 16 AWG LT



https://ulnorm.com/api/?name=UL 1699 2023.pdf

50 UL 1699

SEPTEMBER 26, 2023

Figure 42.6
EMI filter test #2

line
AFCI gnd | 50 ft Arc Location
-+ neut 12 AWG NM-B e
6 ft SJT cord —
16 AWG conductors EMb-filter| [—
S4041A
Figure 42.7
EMI filter
L, L,
3 CS
Line JT_ ;R 22(31 ::Cz [ ﬂ? Load
AAAAAS 4@;
S4104 L1 Ls
L,=L,=6.36mH
Ly = 0.036mH
L, =Ls=1.47mH
C,=047pF
C,=0.27uF

C3=C4 = Cs = Cq = 0.002uF
R =330 KQ
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42.4 Line impedance

42.4.1 The AFCI shall be installed as intended on a branch circuit, and under each of the following
conditions of line impedance, the AFCI shall operate in accordance with the Point contact arcing test in
40.5, with 500 A available at the AFCI when arcing is produced at the end of the branch circuit, as modified
below.

a) A branch circuit consisting of 100 ft. (30.5 m) of 14 AWG (2.1 mm?) armored cable, 2-conductor
with steel armor. The arcing shall occur from line to the grounded metal armor. See Figure 42.8;
and

b) A circuit conS|st|ng of 50 ft. (15.2 m) of 14 AWG (2 1 mm?) copper wire (single conductor) with
four 4 ) f ' ' . tWwo 90 degree
bends. The location of the arcmg shall be between the wire and the steel pipe. See Eigure 42.9.

c) For outlet circuit AFCls, tests (a) and (b) shall be repeated with the powet/supply line source
conngcted to the input neutral terminal and with the power-supply neutral’source corjnected to the
input Jine terminal. See Figure 42.10.

Figure 42.8

Line impedance test with armored{cable
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Figure 42.9

Line impedance test with steel pipe
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43 Dielectric Voltage-Withstand Test

43.1 In adevice, except as described in 43.2, the insulation and spacings between:

a) Line and load; and

b) Line and parts that are grounded
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shall withstand without breakdown the following test potentials. The functional insulation and spacings of
other circuits too shall withstand without breakdown the application of 1000 V + twice rated voltage, except
that where the potential does not exceed 70 V peak in normal service, the test potential is to be 500 V.

43.2 The test voltage across the dielectric of a capacitor shall be 900 volts.

43.3 Basic insulation and spacings inherent in a component need not withstand the test potentials
mentioned in 43.1 if the component in question complies with the requirements applicable to the

component.

434

In order to determine compliance with the provisions of 43.1, the insulation and spacings are to be

subjected to
maintained fi
uniform rate
by the voltmg

43.5 Whersg
suitable sub4d

43.6 Inthe
is taken to ay

44 Resistance to Environmental Noise Test

441 Gene

4411 Ad
described in
expected in
configure the
induce the
electromagn

44.1.2 The
44.5,44.6,a

680 _Hz ossentially _sinusoidal notentials increased from zaro to the valiias
1

J
br a period of one minute. The increase in the applied potential is to be at'4
and as rapid as is consistent with the value of the applied potential being-cofre
ter.

the construction of the device is such as to deny access to jthe’ insulation
ssemblies may be employed.

application of test potentials to insulating surfaces, metal foit may be used provi
oid flashover at the edge of the insulation.

al

bvice shall demonstrate immunity. ftom false operation when exposed to t
this Section. The levels for immunity specified in this Section represent those
b typical domestic/commercial ‘electromagnetic environment. The intent of this

device under test as shown:in Section 40.5 using the point contact arc test
arc fault and determine “\that the device functions as intended after exp
btic environment specifiedherein.

same representative device shall be tested for all of the tests described in 44
nd 44.7.

441.3 The
electromagn

device(is,'to be tested as described in each section, and shall not trip as a
ptic event.

specified and
substantially
ctly indicated

to be tested,

ding that care

ne conditions
that could be
Section is to
apparatus to
psure to the

44.4

2, 44.3,

result of the

44.1.4 Aftef

1 £ 4 H

vice shall be

+ + PPN WP~V 12N ] $ranma oo ot ot k. ranE + z A
dilt Ul uic 1CTolo IIIV\JIVIIIH unre UIU\JLI\JIIIGHIIULIU CVUINo, UIC TOPITOTTIauve u

tested in accordance with 40.5 using wire Type SPT-2 and any two of the currents specified in 40.5.3, and
shall trip as required.

44.2 Electrostatic discharge immunity

44.2.1

The Standard for Electromagnetic compatibility (EMC) Part 4; Testing and measurement

techniques — Section 2: Electrostatic discharge immunity test — Basic EMC publication, IEC 61000-4-2, is
to be used as the reference for testing and measuring techniques. The test limits are:

a) 4kV, positive and negative polarity, for direct contact discharge; and

b) 8kV, positive and negative polarity, for air discharge.
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44.3 Radiated electromagnetic field immunity

44.3.1 The Standard for Electromagnetic compatibility (EMC) Part 4: Testing and measurement
techniques — Section 3: Radiated, radio frequency, electromagnetic field immunity test, IEC 61000-4-3, is
to be the test measurement reference. The frequency range to be investigated is to be from 80 MHz to 1
GHz. The exposure is to be level 2, 3 V/m modulated with 80 percent AM modulation at 1 kHz. The
protective device shall not false trip when exposed to these fields. The frequencies to be used encompass
the standard broadcast frequency ranges for commercial and amateur ("ham") radio and television. The
step size for the test frequency ranges is to be 1 percent of fundamental. In addition the device should be
exposed to radiated electromagnetic fields that simulate those generated by digital radio telephones
(commonly known as "cell phones"). This test consists of exposure to 3 V/m field using a 200 Hz digital
modulation technique with a 50 percent duty cycle on one frequency between 895 MHz and 905 MHz.
Other frequency ranges that are used in the United States are to be considered.

44.4 Electrical fast transient immunity

4441 The
techniques —
4, is to be th
environment.

Standard for Electromagnetic compatibility (EMC) Part 4: Testing and measurement
Section 4: Electrical fast transient/burst immunity test — Basic EMC publication, IEC 61000-4-
b standard for testing methods and to specify multiple levels\of limits based gn installation
Level 2 is to be the test limit.

44.5 \Voltage surge

4451 The
techniques —
standard for {
test limitis to

Standard for Electromagnetic compatibility (EMC) Part 4: Testing and measurement
Section 5: Surge immunity test — Basic EMC publication, IEC 61000-4-5, [is to be the
bsting methods and to specify multiple levels of limits based on installation envifonment. The
be level 3 at 2 kV line-to-ground and level 2 at 1kV line-to-line and line-to-neutra|.

44.6 Immunity to conducted disturbances;induced by RF fields
44.6.1 The [test method described ,inithe Standard for Electromagnetic compatibility (B
Testing and mieasurement techniques'—'Section 6, Immunity to conducted disturbances, indu

frequency fields, IEC 61000-4-6, ‘are’ to be followed. The representative product is to be s
conducted digturbance at 3 V qvera frequency range of 150 kHZ to 80 MHz.

MC) Part 4:
ced by radio-
Ubjected to a

44.7 \Voltage dips, shortiinterruptions and voltage variations immunity

4471 The
— Section 11:

Standard-for Electromagnetic compatibility (EMC) Part 4: Testing and measurin
\oltage dips, short interruptions and voltage variations immunity tests, IEC 610
rd-for testing methods. The protective aspects of the device are not to be

g techniques
D0-4-11, is to

be the stand

ompromised

under the following power line conditions:

a) 100 percent voltage dip for 10 mS;

b) 60 percent voltage dip for 200 mS; or

¢) 30 percent voltage dip for 1 S.

44.7.2 A protective device turning OFF during the disturbances specified in 44.7.1 meets the intent of the
requirement provided:

a) The power to the protected unit is removed, and

b) Operation is automatically restored when input power is restored to at least 85 percent of rated
voltage.
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45 Normal

45.1
atany point t

a) Co

Temperature Test

hat is sufficiently high to:

nstitute an increased risk of fire;

b) Affect injuriously any materials used in the device; or

When carrying rated current and with rated voltage applied, a device shall not attain a temperature

c) Exhibit greater rises in temperature at specific points than indicated in Table 45.1, based on an
assumed average ambient temperature in normal service of 25°C (77°F).

45.2 Coil o
gained for m
wrap include
rayon, or thg

5 thermal insulation or more than two layers (1/32 inch or 0.8 mm maximum) of
like. At a point on the surface of a coil where the temperature is affected b

WINdNg temperatures are 1o be measured by thermocoupies Uniess acce
bunting a thermocouple (for example, a coil enclosed in sealing compound)ord

5s cannot be
nless the coil
cotton, paper,

y an external
source of he
than the indi
method is ng

at, the temperature rise measured by means of a thermocouple maybe 10°G (18°F) more
tated maximum, provided that the temperature rise of the coil, asimeasured by the resistance
more than that specified in Table 45.1.

Table 45.1
Maximum acceptable temperature rises

Material and Jomponents °C °F
Wire insulatior| or insulating tubing 35 63
Electrical tape 55 99
Varnish-cloth ipsulation 60 108
Fiber employefl as electrical insulation 65 117
Phenolic composition or melamine?® 125 198
Urea compositjon? 75 108
Other insulating materials® - -
2 The acceptahility of insulating materiats'shall be determined with respect to properties — such as flammability, arclresistance,

relative or gengric temperature indices,)and the like — based on the temperature rise plus 25°C (45°F).

45.3 Excep
wires not lar
successive r

t at coils,«emperature readings are to be obtained by means of thermocoupleq consisting of
ber thafl 24 AWG (0.21 mm?), and a temperature is considered to be constaft when three
padings, taken at intervals of 10 percent of the previously elapsed duration of the test, but not
less than 5-thinute intervals, indicate no change. When thermocouples are used in the defermination of
temperatures—i i i i i i it ite to employ
thermocouples consisting of 30 AWG (0.05 mm?) iron and constantan wires and a potentiometer type of
indicating instrument. Such equipment is to be used whenever referee temperature measurements by
thermocouples are necessary.

454 Ambient air is to be at any convenient temperature within the range of 20 — 30°C (68 — 86°F).

455 The thermocouples and related instruments are to be accurate and calibrated in accordance with
accepted laboratory practice. The thermocouple wire is to conform with the requirements specified in the
Tolerances on Initial Values of EMF versus Temperature tables in the Standard Specification and
Temperature-Electromotive Force (emf) Tables for Standardized Thermocouples, ANSI/ASTM
E230/E230M.


https://ulnorm.com/api/?name=UL 1699 2023.pdf

56 UL 1699 SEPTEMBER 26, 2023

46 Overvoltage Test

46.1 A device shall operate continuously while connected to a supply set at 110 percent of rated voltage.
The test shall continue for 4 hours or until thermal equilibrium is reached. During the 4 hours, the device
shall not trip or become inoperative, and shall be in condition to continue the sequence at the end of the 4
hours.

47 Overload

47.1 A device shall have necessary interrupting capacity.

47.2 In orde
a load circuit

six times the @

47.3 Reacti

with each other if they are of the air-core type. An air-core reactor is to be\paralleled wi

adjusted to d
such resistan

474 The vs
from the follo

in which:
Eis th

lis the

475 The sU
voltage not g
to by those g
voltage of th
supply circuit

47.6 In perf

s to be caused to switch an inductive impedance adjusted for a value of load,co
mpere rating of the device and a power factor within the range of 0.45 — 050"

e components of the impedance in the AC test circuit mentioned in-47.2 may

ssipate approximately one percent of the total power dissipated in the imped
Ce.

lue of paralleled resistance R in ohms mentioned in47.3 may be obtained b
ving equation:

163E
R=——
1

e closed-circuit voltage at the load, and

load current in amperes,-without resistance R.

pply circuit for the test mentioned in 47.2 is to have the capacity to provide a
ss than 85 percent)of the rated voltage of the device. Except when a higher va
oncerned, the ‘open-circuit voltage is to be in the range of 100 — 105 percent
b device. Acd-A fuse is to be connected between the grounded conductor of
and accessible conductive parts of the device. This fuse shall not operate to op¢g

priling the test mentioned in 47.2 the device is to be switched "on" and, after
ration of a 60 Hz line voltage waveform, switched "off". Each cycle of on/off ope

quired to open

rrent equal to

be paralleled
h resistance
ance without

y calculation

Closed-circuit
ue is agreed
of the rated
a grounded
n the circuit.

hot less than
ation is to be

one period duy

repeated for a total of 50 cycles of operation, at the rate of six cycles of operation per minute.

Exception: If the device operation will not permit these cycle times, times as close as possible to these are

to be used.

48 Endurance Test

48.1

48.2

A device shall have the necessary capacity for normal operation.

In order to determine compliance with 48.1, a device is to be caused to switch an inductive load

adjusted for a value of load current equal to the ampere rating of the device and a power factor within the

range of 0.75

—0.80.
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48.3 In performing the test described in 48.2, the device is to be switched "on" and, after one second,
switched "off" at a rate of approximately 6 cycles of operation per minute for 3000 cycles and switched
"on" and, after one second "tripped" off by using the test switch for 3000 cycles. Ten percent of the latter
3000 operations shall be performed with the supply voltage reduced to 85 percent of rated voltage.

Exception: When the device under test has no ON/OFF switch, the initial 3000 cycles are not required.
48.4 Reactive components of the load mentioned in 48.2 may be paralleled with each other if they are of
the air-core type. An air-core reactor is to be paralleled with resistance adjusted to dissipate approximately

one percent of the total power dissipated in the load without such resistance.

485 Thev
from the follg

lue of pgrallnlnd resistance-R-in-ohms-mentioched-in484 may be obtained l’)y calculation
wing equation:

5

2E

R
I

in which:

E is the closed-circuit voltage at the load, and

| is the load current in amperes, without resistance R.
48.6 In performing the test described in 48.2, the capacity. of the supply circuit is to be such as to allow a
closed-circuif voltage not less than 97.5 percent of the rated voltage of the device. Except when a higher

value is agre
of the rated
grounded su
the circuit.

49 Abnormal Operations Test

49.1 A dev
such as with

49.2 Asing
AFCI is to re
between the

ed to by those concerned, the open-circuitwoltage is to be in the range of 100 -
voltage of the AFCI. A 1-A fuse is tobe connected between the grounded ¢
bply circuit and accessible conductive-parts of the device. This fuse shall not op

- 105 percent
bnductor of a
erate to open

ce shall not becomé:a risk of fire or shock when operating while in an abnormal condition,

a short-circuited gropen-circuited component.

le layer of cheesecloth is to be loosely draped over the device. In addition, a po
st on whitetissue paper supported by a softwood surface. A 1-A fuse is to
grounded’'supply conductor and accessible conductive parts of the device.

49.3 The cheesecloth mentioned in 49.2 is to be bleached cheesecloth running 14 — 15 sqy

rtable or cord
be connected

are yards per

pound mass (approximately 26 — 28 square meters per kilogram mass) and having what is known in the
trade as a "count of 32 by 28", that is, for any square inch, 32 threads in one direction and 28 threads in
the other direction (for any square centimeter, 13 threads in one direction and 11 in the other direction).

49.4 A device operating under abnormal conditions will be considered to have become a risk of injury if:
a) There is glowing or flaming of the cheesecloth or tissue paper mentioned in 49.2;
b) There is emission of molten metal;
c) The fuse mentioned in 49.2 operates to open the circuit;

d) Except if the device is likely to be removed from service, there is dielectric failure (see 49.5 and
49.6);
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e) It is possible to touch a part with the articulated probe shown in Figure 7.1 while there is a risk of

shock at that part; or

f) There is any other evidence of a risk of injury.

49.5 Failure to comply with the provisions of 43.1 will be considered to be dielectric failure.

49.6 A device that is no longer able to complete the electric circuit to the load will be considered likely to

be removed from service.

50 Surge Current Test

50.1 Generlal

50.1.1 All A
requirements

FCls when subjected to the Surge Current test in 50.3.1 — 50.4.1, -shall con
in 50.1.2.

50.1.2 During and following the Surge Current Test the following conditions.shall not result:

a) Em|ssion of flame, molten metal, glowing or flaming particles through any openings
or cregited as a result of the test) in the product.

b) Chg
c) Ignition of the enclosure.

d) Crg
in acc

ation of any openings in the enclosure that results in accessibility of live parts,
brdance with Accessibility of Energized;Parts, Section 13.

50.1.3 Thre

50.2 Mountfing and installation

50.2.1 A AHCI shall be placedon‘a softwood surface covered with a double layer of white
Each AFCI i$ to be loosely~draped with a double layer of cheesecloth. The cheesecloth
openings (forl example, receptacle openings, ventilation openings) where flame, molten m
particles may be expelled*as a result of the test. However, the cheesecloth shall not bg
pushed into openings:

50.3 Surge|parameters

rring, glowing, or flaming of the supporting surface;tissue paper, or cheesecloth.

nply with the

(pre-existing

when judged

b previously untested representative devices of the AFCI are to be subjected to the test.

tissue paper.
shall cover
btal, or other
deliberately

50.3.1

A plug-in type arc-fault circuit-interrupter is to be subjected to a surge of 6 kV at 3 kA. A

permanently-connected arc-fault circuit-interrupter is to be subjected to a minimum surge of 6 kV at 10 kA.

The surge shall be a combination 1.2/50us, 8/20us voltage/current surge waveform.
50.4 Surge polarity

50.4.1
-15), one negative applied at a phase angle of 90 degrees (+0, -15).

The polarity of the impulses shall be one positive applied at a phase angle of 90 degrees (+0,
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51 Abnormal Overvoltage Tests

51.1

51.1.1

General

The test described in Full Phase Voltage-High Current Abnormal Overvoltage Test, 51.2, and

Limited Current Abnormal Overvoltage Test, 51.3, shall not result in any of the following conditions:

a) Emission of flame, molten metal, glowing or flaming particles through any openings (pre-existing

or cre

ated as a result of the test in the product);

b) Charring, glowing, or flaming of the supporting surface, tissue paper, or cheesecloth;

c) Ign

d) Creation of any openings in the enclosure that results in accessibility of live (parts,

in acd

51.1.2 The
previously ur

51.1.3 The
white tissue

conditions rg
double layer|
ventilation of
expelled as §

51.1.4 Port
boxes shall b
and reversed

51.1.5 Whe

than those specified in 51.2.1 — 51.3.2-shall be used for testing.

51.1.6 Follq

Test, 51.2, and the Limited Current Abnormal Overvoltage Test, 51.3, the same representatiy

to be subjec
and direct pl
branch/feeds
test shall be

tuon or the enclosure, and

ordance with Accessibility of Energized Parts, Section 7.

representative devices used for each of the tests described im51.2.1 — 51,
tested.

representative AFCl's shall be placed on a softwood surface covered with a d

when judged

3.2 are to be

buble layer of

baper. The orientation of the representative device shallbe such as to create th¢ most severe

presentative of normal installation. Each representative AFCI is to be loosely

of cheesecloth. The cheesecloth shall cover openings (for example, recepta
enings and any other similar openings) whereflame, molten metal, or other pa
result of the test. However, the cheeseclothishall not be deliberately pushed int

e tested in accordance with Limited\Current Abnormal Overvoltage Test, 51.3, i
polarity.

n agreed upon by all concéerned parties, fewer representative arc-fault circu

wing the tests described in the Full Phase Voltage — High Current Abnorma

ed to and-comply with the Leakage Current Measurement, Section 37, for cg
ug-in AF€ls, and comply with requirements for Grounding, Sections 19, 23, 2
r, outlet circuit, portable, and cord AFCls, respectively, as appropriate. The le
conducted within five minutes of the end of the abnormal overvoltage tests.

Hraped with a
Cle openings,
ticles may be
b openings.

bble and cord arc-fault circuit-interrupter types intended for connection to common outlet

h both normal

it-interrupters

Overvoltage
e devices are
rd-connected
8, and 32 for
hkage current

51.1.7 Operation of the ac-power-line circuit breaker, fuse internal or external to the arc-fault circuit-
interrupter, or operation of an acceptable overcurrent or overtemperature protective device provided as
part of the arc-fault circuit-interrupter is considered acceptable.

51.2 Full phase voltage — high current abnormal overvoltage test

51.2.1 The test described in this section shall not result in any of the conditions described in 51.1.1. One
previously untested arc-fault circuit-interrupter, for each combination of conductor pairs that were tested in
accordance with the Voltage Surge Test, Section 38, is to be subjected to the application of the test
voltage as specified in Table 51.1 with a power factor as specified in Table 51.3. The ac power source shall
have an available short-circuit (fault) current (lg;) as specified in Table 51.2. For each representative
device, the overvoltage is to be applied for 7 hours, or until current to, or temperatures within the AFCI
attain equilibrium, or until the AFCI becomes disconnected from the ac supply (due, for example, to open
circuiting of a thermal or overcurrent protective device). See Figure 51.1.
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Exception: This testing is not required for an end-product employing a component or components that
have been previously tested and shown not to conduct current nor to exhibit any condition in 51.1.6 when
subjected to the maximum phase voltage or twice the conductor pair voltage rating as specified in Table
51.1 for the end-product.

Figure 51.1

High current abnormal overvoltage

Power Supply

Specimen

AFCI

S3765B

51.2.2 Permanently-connected AFClIs intended for mounting in an outlet box shall be {ested in the
smallest stanflard metal box-in accordance with the National Electrical Code, ANSI/NFPA 70.

Table 51.1
Test voltage selection table

Device rating Phase Test voltage (Vac)? Voltage rating of conductor
pair to which the test
voltage is to be applied

110-120V Single 240 All
110 — 120V/220 — 240V Split 240 110 - 120V
120/208V 3-Wye 208 120V

2 For device ratings not specified in this table, the test voltage shall be the maximum phase voltage (if available) or twice the
conductor pair voltage rating.
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Table 51.2

Available fault current from source of supply

Permanently connected devices

Cord connected or direct plug-in devices

Available fault

Rating, volts times

Available fault

Rating A current, amperes Rating volts amperes current, amperes
100 A or less 5,000 1175 or less 200
1176 to 1920 1000
250 ac or less 1921 to 4080 2000
4081 to 9600 3500
More than 9600 5000
Table 51.3
Power factor
Available fault current Powerfactor

200 A 0.80-1.0

1000 A 0.70-0.80

2000 - 10,000 A 0.40-0.50

10,001 — 20,000 A 0.25-0.30

>20,000 A 0.20

51.2.3 Conhection of the test circuit in series with a,Circuit breaker or time delay non-currerjt limiting fuse
rated for the] maximum ampacity of the circuit in-which the AFCI is to be installed, as specified in the
National Elegtrical Code, ANSI/NFPA 70, is not prohibited.

51.3 Limited current abnormal overvoltage test

51.3.1

Theltest described in this section shall not result in any of the conditions described i 51.1.1. Each

of four previqusly untested representative AFCls is to be connected to an ac power supply having an open
circuit voltage equal to the test voltage specified in Table 51.1. The power supply is to incorpprate a series
variable resistor that can be_adjusted to obtain the short-circuit current (lg.) specified beloy. See Figure

51.2. No loa

is to be cennected. The variable resistor is to be adjusted such that Isc equgls 5 A for the

first representative device, 2.5 A for the second, 0.5 A for the third, and 0.125 A for the fourth. The four
representatije devices are to be energized for 7 hours, or until current to, or temperatures wjthin the AFCI
attain equilibfium, or until the AFCI becomes disconnected from the ac supply (due, for example, to open
circuiting of 4 thermal or overcurrent protective device). See Figure 51.2.

Exception No. 1: This test is not required for an end-product employing a component or components that
have been previously tested and shown not to conduct current nor to exhibit any condition in 51.1.6 when
subjected to the maximum phase voltage or twice the conductor pair voltage rating as specified in Table
51.1 for the end-product.

Exception No. 2: When this test is performed at a current level specified above and results in neither:

a) Any condition specified in 51.1.6; nor

b) Operation of any overcurrent or thermal device

then the test results are also representative of testing of the device at lower current levels.
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51.3.2 Permanently-connected AFCIs intended for mounting in outlet boxes are to be mounted in the
smallest standard non-metallic box with faceplate in accordance with the National Electrical Code,

ANSI/NFPA 70.

Limited current abnormal overvoltage test circuit

Figure 51.2

Power Supply

Specimen

AFC

S37668B

52 Short Circuit Current Test

52.1 A device intended for-use on circuits where such faults can occur shall withstand short-circuit

currents.

52.2 In ordgr to determine compliance with the provisions of 52.1, the supply circuit is to have an open-
circuit voltagg in‘the range of 100 — 105 percent of the rating of the device. The impedance of|the supply is

to be Such as to-brovidea nrocsnactiva currant ac chowin in Tahla B9 41 ac A minimiim
SHHeRtaS-SHoWHH—aor Z oSS

SO PToOVIGC T PTOOPTTtve

Table 52.1
Test circuit parameters

Current Power factor
AFCl type (A) (%)
Branch/feeder AFCI 5000 45-50
Combination Type AFCI 5000 45 -50
Outlet circuit AFCI 2000 90-100
Portable and cord AFCI 2000 90-100
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52.3 Each line terminal of a device is to be connected to the supply mentioned in 52.2 using 4 ft (1.2 m)
of insulated wire, sized for the rating of the device. A circuit breaker or time delay non-current limiting fuse
rated for the maximum ampacity of the circuit in which the AFCI is to be installed is to be connected in
series with the ungrounded line conductor or conductors. A 20-inch (508-mm) conductor is to be
connected between the load terminals. The device is to be in any position considered to be normal in
service. A 1-A fuse is to be connected between the supply terminal representing the grounded circuit
conductor and accessible conductive parts of the device. Surgical cotton is to cover openings of the device
where flame may be emitted. See Figure 52.1.

Figure 52.1

Short circuit test circuit
l 207
O v, J I.

LINE TEST SAMPLE LOAD

3 ‘ .

GROUNDED SUPPLY
CONDUCTOR

SA08004

-

52.4 For a portable or cord AFCI, the conductors may be attached to the attachment plug|blades of the
device so as|not'to be dislodged during the test.

52.5 The prospective current is to be initiated once by means of a switch in the supply circuit. The test is
to be repeated with the prospective current initiated once by means of any control of the device. A single
representative device is not required to experience more than one current initiation. The 1-A fuse shall not
open, and there shall not be any flaming of the cotton, both mentioned in 52.3.

52.6 After the short circuit current tests, each representative device shall be tested in accordance with
40.5 using wire Type SPT-2 and the two lowest currents of the currents specified in 40.5.3, and shall trip
as required.

53 Terminal Lead Strain-Relief Test

53.1 A device that is provided with terminal leads intended to be connected in the field shall be subjected
to the test described in 53.2. Following the test there shall be no indication that either the device or the
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lead has sustained damage as a result of the test, or that the force would have been transmitted to the
terminations.

53.2 The leads are to be disconnected from the internal point of termination. Each terminal lead shall be
subjected to a tensile force increased gradually to 20 Ibf (89 N), and maintained at that value for five

minutes.

54 Power-Supply Cord Strain-Relief Test

541

A device that is provided with a power-supply cord shall be subjected to the test described in 54.2.

Following the test there shall not be any indication that the force was transmitted to the cord-conductor

terminations.

54.2 The leqds are to be disconnected from the internal point of termination. The cord.shall

to a tensile fo

55 Mechan

551 An int
terminals inte

55.2 There

rce increased gradually to 35 Ibf (156 N) and maintained at that value for ane mi
cal Tests

brrupting device that is provided with pressure wire cennectors or wire b
hded for field wiring shall be subjected to the tests described in 55.2 or 55.3.

shall be no breakage or damage of any part of the/dévice when 110 percent o

terminal tight¢ning torque is applied to the wire securing means of a pressure wire connector.

55.3 A wire
ampere rating
causing disp
configuration
wire is to be f

56 Crushin

56.1 The pq
withstanding
major axis.

56.2 Anyte
The plug is tq
force is to be

binding screw or nut is to be tightenedwon”a conductor selected in accorda
of the device, but no less than 14 AWG (2.1 mm?), to a torque of 20 Ibf-in (2.3
acement of the wire or damage to_ the terminal assembly or the wire. Exce
of the terminal assembly does not-permit, or markings allow, the use of unforn
brmed into a 3/4 loop that will just-be accommodated by the assembly, before tig

g Test

lymeric enclosurefofia portable AFCI that is of the direct plug-in type shall b
for 1 minute a erushing force of 75 Ibf (334 N) applied in any direction perper

be tested between two 1/2-inch (13-mm) or thicker parallel flat maple blocks.
ppplied gradually.

be subjected
hute.

nding screw

f the marked

nce with the
N-m) without
bt where the
ned wire, the
htening.

e capable of
dicular to its

5ting equipment that can apply a steady force of 75 Ibf (334 N) to the plug may be employed.

The crushing

57 Dust Test

57.1

To determine compliance with 12.6(b)(2), each of six devices, each mounted in a different mounting

orientation, is to be placed, deenergized, in an air tight chamber having an internal volume of at least 0.09
m? (3 cubic feet).

57.2 A 0.06-kg (2-0z.) quantity of cement dust, maintained at a relative humidity of 20 — 50 percent, and
capable of passing through a 200 mesh screen, is to be circulated for 15 minutes by means of compressed
air or a blower so as to completely envelop the device in the chamber. The air flow is to be maintained at
an air velocity of approximately 0.25 m/s (50 fpm).
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57.3 Following the exposure to dust, the exterior of the device is to be cleaned carefully. The device is to
be opened and examined for the presence of dust. To be considered as meeting Pollution Degree 2, there
shall not be any evidence of dust in the interior of the device.

58 Permanence of Markings

58.1 An adhesive backed label shall comply with the Standard for Marking and Labeling Systems, UL
969.

58.2 Labels that come in contact with uninsulated live parts shall be of a nonconductive material that
complies with the Dielectric Breakdown Test, the Moisture Absorption Test and the Test for Indirect
Measurement-of-Conductor Pnrrneinn, of the Standard for Dr\ly\/inyl Phlnridn’ Dr\lynfhylnn , and Rubber

Insulating Tape, UL 510.

59 Reverse¢ Line — Load Miswire Test

59.1 A preyiously untested arc-fault circuit-interrupter intended for mounting in an ouglet box shall
interrupt the felectric circuit to the line terminals when a supply circuit is wired to the load tefminals of the
device.

59.2 Undern the conditions described in 59.3 and 59.4 the arc-fault circuit-interrupter shall interrupt the
electric circuit to the line terminals or not permit power to be applied’to the line terminals when the power is
first applied tp the load terminals, and each time the reset is operated.

59.3 For this test:
a) The supply line voltage is to be set at 85 percent of the rated voltage.

b) THhe arc-fault circuit-interrupter is to-be switched on unless it is shipped from the manufacturer in
the tripped condition and cannot be reset until properly installed. If shipped in the tripped condition,
to vefify the arc-fault circuit-interfupter cannot be reset until properly installed, attenppt to engage
reset| by first pressing the (reset button and then by pressing the test and reset buttons
simulfaneously. This is to.be.performed before and after load terminals are connedted to supply
voltage.

c) Power is to be applied to the load terminals, and the reset shall be operated ten fimes in rapid
succgssion.

59.4 The tgst described in 59.2 is to be repeated on the same device, with the supply line poltage set at
110 percent tff thefated voltage.

60 Supplemental Voltage Surge Immunity Test
60.1 General
60.1.1 The line side terminals of the arc-fault circuit-interrupter shall be subjected to this test.

60.1.2 The arc-fault circuit-interrupter is to be connected to a supply of rated voltage. The grounding lead
or terminal of the arc-fault circuit-interrupter (if provided) is to be connected to the supply conductor
serving as the neutral. The arc-fault circuit-interrupter is to be in the "ON" condition with no load
connected. AFCls that are intended only for use in enclosures shall be tested in their intended enclosure
for the tests referenced in 60.1.1. The enclosure shall be representative of the worst case situation for the
tests.
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60.2 Surge

60.2.1
after testing:

immunity test (combination wave)

The AFCI shall be subjected to the Surge Immunity Test without demonstrating, either during or

a) Emission of flame, molten metal, glowing or flaming particles through any openings (preexisting

or cre

b) Ign

ated as a result of the test) in the product;

ition of the enclosure; or

c) Creation of any opening in the enclosure that results in accessibility of energized parts, when
judged in accordance with Accessibility of Energized Parts, Section 7.

60.2.2 The
Standard for

Surge immun

60.2.3 The

Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
ty test, IEC 61000-4-5.

angles of 90 and 270 electrical degrees.

60.2.4 Only

AFCI for eacH

surge impulse test level meets the intent of the requirement.

Table 60.1
Surge impulse test levels?

test method is to be conducted in accordance with the testing methodscdes

surges shall be superimposed on the ac power with the AFCI energized and app

cribed in the
echniques —

lied at phase

the surge impulse test levels in Table 60.1 shall be used’ Using a separate rg¢presentative

Peak voltage (kV p) Peak current (kA p)
2 1
6 3

@ Combination
Electromagneti

.2/50 ys, 8/20 us Voltage/Current surge waveform. For specifications and tolerances, refer to the St
C compatibility (EMC) — Part 4-57 Testing and measurement techniques — Surge immunity test, IEC 6

hndard for
1000-4-5.

60.2.5 The
to the next su

60.2.6 After
of 40.5 and th

60.2.7 After|

A\FCI is permitted-tetrip during surge immunity testing. If the AFCI trips, it is to
Fge application/

e Dielectric Voltage Withstand Test, Section 43.

the’6 kV test, the same AFCI shall comply with either (a) or (b):

the 2 kV 4est the same AFCI shall be in condition to comply with the Point Cor

be reset prior

tact Arc Test

a) The AFCI shall be in condition to comply with the Point Contact Arc Test of 40.5, see 60.2.8, and
the Dielectric Voltage-Withstand Test, Section 43; or

b) The AFCI shall trip as a result of the surge test and render itself incapable of delivering power
after attempting reset. Reset shall be attempted 5 times as fast as possible with rated voltage

applied

60.2.8 Continued ability to provide protection shall be demonstrated by subjecting the representative

device to the

Point Contact Arc Test of 40.5, using a fault current of 100 A.
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RATINGS
61 General

61.1

An AFCI shall be rated 120 V and 60 Hz. A branch/feeder, combination, or outlet circuit AFCI shall

be rated 15 or 20 A. A portable AFCI shall be rated 20 A maximum. A cord AFCI shall be rated 30 A

maximum.

61.2 The load capacity of a portable or cord AFCI shall also be rated in watts.

MARKINGS

62 Genera

62.1 An ar
suitable med

frequency, and load capacity in amperes.

62.2 An ard
period of ma

Exception: T
code, orin a

b-fault circuit-interrupter shall be marked with the manufacturer's name, fraden
ns of identification, a type or catalog designation, and the electrical rating

-fault circuit-interrupter shall be legibly and permanently miarked with the date g
nufacture not exceeding any three consecutive months,

he date of manufacture may be abbreviated, or may be in a nationally accepteq
code affirmed by the manufacturer, provided thatthe code:

hark, or other
s in voltage,

r other dating

conventional

a) Dogs not repeat in less than 20 years; and
b) Dogs not require reference to the production records of the manufacturer to determine when the
prodyct was manufactured.
62.3 If the arc-fault circuit-interrupter is manufactured in more than one location, the finished device shall
have a distingtive marking, which may.be:in code, to identify the product of a particular factory.
62.4 An arg-fault circuit-interrupter shall be marked "Arc-Fault Circuit-Interrupter” or "AFCI"|, and with the
specific devi¢e name or respectiye abbreviation noted in Sections 64 — 67.
62.5 A devjce that is-fequired to be mounted in a specific orientation shall be marked t¢ identify that
orientation.
62.6 Contrgls*on-an arc-fault circuit-interrupter such as those provided for Test and Reset|of the device
shall be identified
62.7 A device that complies with 41.4.1 (e) shall be marked "Suitable for Watt tungsten lamp

dimmer load" on the packaging material or the instructional material. The wattage to be included in the

marking is th

at specified by Table 41.1.

63 Terminations

63.1
any required

marking.

The abbreviation "CU" for the word "copper" and "AL" for the word "aluminum" shall be permitted in

63.2 An arc-fault circuit-interrupter with wiring terminals intended and found acceptable for use with
copper and aluminum conductors shall be marked "Use copper or aluminum wire" or with the
abbreviations "CU", and "AL", "CU/AL", or the equivalent.
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63.3 An arc-fault circuit-interrupter with terminals intended and found acceptable for copper wire only
shall be marked "USE COPPER WIRE ONLY" or with the abbreviation "CU ONLY". If the terminals are
intended and found acceptable for aluminum wire only, the marking shall be "USE ALUMINUM WIRE
ONLY" or "AL ONLY™".

63.4 An arc-fault circuit-interrupter shall be marked with the proper wire range of the wiring terminals. If
the terminals are intended for solid wire only, or stranded wire only, the device shall be marked "(wire
range) AWG SOLID" or "(wire range) AWG SOL.", or with equivalent wording. The marking shall be
located adjacent to the terminal and shall be visible after installation.

63.5 A permanently installed arc-fault circuit-interrupter shall be marked with a range of values or a
nominal value_of tightening torque to be applied to the clamping screws of all terminal connectors for field
wiring.

Exception: A Outlet Circuit AFCI is not prohibited from having the torque information on the|smallest unit
container or gn an information sheet that is shipped in the smallest unit container.

63.6 If a terminal is acceptable for the connection of more than one conductor in the same|opening and
is intended fof such use, the marking shall indicate the proper connection.

63.7 Termingls or leads of an arc-fault circuit-interrupter intended to be connected to the grounded
conductor shall be identified by the color white or gray. Terminals.or leads intended to be fonnected to
ungrounded gonductors shall be identified by a contrasting color. The color green shall not be jused.

64 Branch/Feeder Arc-Fault Circuit-Interrupter

64.1 In refgrence to 62.4 above, a branch/feeder arc-fault circuit-interrupter shall| be marked
"Branch/Feeder Arc-Fault Circuit-Interrupter" or-‘Branch/Feeder AFCI" where visible, with a dead-front or
faceplate removed, while the device is installed.

65 Combination Arc-Fault Circuit-Interrupter

65.1 In refefence to 62.4 above;.a-combination arc-fault circuit-interrupter shall be marked '|Combination
Type Arc-Fault Circuit-Interrupter” or "Combination Type AFCI" where visible, with a dead-front or
faceplate removed, while the'device is installed.

66 Outlet Ciircuit Arc-Fault Circuit-Interrupter

arked "Outlet
t or faceplate

removed, while the device is installed.

67 Portable and Cord Arc-Fault Circuit-Interrupters

67.1 In reference to 62.4 above, a portable arc-fault circuit-interrupter shall be marked "Portable Arc-
Fault Circuit-Interrupter" or "Portable AFCI". A cord arc-fault circuit-interrupter shall be marked "Cord Arc-
Fault Circuit-Interrupter” or "Cord AFCI".

67.2 Unless a portable or cord arc-fault circuit-interrupter has been found suitable for use in wet
locations, it shall be marked "Indoor use only".

67.3 A portable or cord arc-fault circuit-interrupter not provided with a permanently attached cord shall be
marked with the following or equivalent wording "This product should be used only with a (two or three)-
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conductor, 120 volt, (15 or 20) ampere supply cord set employing Type (cord specified by the
manufacturer) cord. In event of cord set damage, it should be replaced only with an equivalent cord set."
where the information in parentheses is to be selected or filled in as appropriate.

67.4 A portable or cord arc-fault circuit-interrupter shall be clearly marked in upper or lower case letters
at least 1/16 inch (1.6 mm) high with the following, or equivalent, statement: "In the event this device trips,
the cause is to be corrected before further use. See owners manual.”

67.5 The rated load-capacity marking of a cord-connected arc-fault circuit-interrupter shall include watts.

INSTRUCTIONS
68 Installation Instructions/Owner's Manual
68.1 The insstallation instructions of an arc-fault circuit-interrupter shall contain the-folléwing
a) Manufacturer's name and complete address.
b) Type designation (such as Branch/Feeder AFCI) and catalog number or ¢ther specific
identification.
c) Intgnded conductor material, wire type, and wire size.
d) Elgctrical ratings in amperes, volts, and frequency."The load capacity as required|by 61.2 shall
be in watts.
e) Caple preparation (strip length, required slack; tools, and the like).
f) Torque rating.
g) Wiring instructions.
h) Cofrect operation and test instructions.
68.2 The oyner's manual shalkeontain plain, legible, and durable instructions for effective pise of an arc-
fault circuit-interrupter. Whenever possible, such instructions are to appear on the device or the enclosure
of the device, and be so located that they may be readily viewed without the use of tools, after the device
has been insfalled in nermal operation. The required instructions may be supplied by an elecfronic labeling
method on fhe product, product package, and/or "stuffer sheets" included with the arg¢-fault circuit-
interrupter.
68.3 Whenlany-instructions—are-included-onsanadhesive-backedtabel—thetabetshalt-eomply with the

requirements of Permanence of Markings, Section 58.

68.4 Text of the owner's manual/instructions shall be verbatim to, or in equally definitive terminology
except where specific conflict of the application to a product exists. The items may be numbered, and the
phrases "IMPORTANT SAFETY INSTRUCTIONS — READ ALL INSTRUCTIONS BEFORE USING," and
"SAVE THESE INSTRUCTIONS" shall be first and last, respectively, in a list of items. Other important
safety instructions considered appropriate by the manufacturer may be included.

68.5 A branch/feeder or combination AFCI not intended for installation in a panelboard, and an outlet
circuit AFCI with feed through provisions shall be provided with an adhesive label that either covers the
load terminals or is wrapped around the load leads. The label shall be safety yellow in accordance with the
Standard for Product Safety Signs and Labels, ANSI Z535.4 or an equivalent yellow, with black lettering
and shall contain the following wording or equivalent: "ATTENTION: [in letters at least 3/32 inch (2.4 mm)
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high] The load terminals under this label are for feeding additional receptacles. Miswiring can leave this
outlet without arcing fault protection. Read instructions prior to wiring."

68.6 Each outlet-circuit AFCI with feed-through provisions and receptacle outlets shall be provided with
the installation instructions shown in Figure 68.1 — Figure 68.6. The installation instruction sheet,
containing the detail of all six figures, shall not be smaller than 8-1/2 inches (215.9 mm) high x 16-1/2
inches (419.1 mm) long, consisting of 12 panels (for folding), each no smaller than 4-1/4 inches (108 mm)
high x 2-3/4 inches (69.9 mm) long. The front of the installation instructions shall contain the
manufacturer's name, cautionary note, and steps 1 — 6 as shown in Figure 68.1 — Figure 68.3. The back of
the installation instruction sheet shall contain steps 7 and 8 as shown in Figure 68.4 — Figure 68.6. The
only modifications that may be made to the content of the instructions are those necessary for including
the manufacturer's name, model, and warranty information, and any product configurations different from
those represgnted in the figures.

68.7 The inptallation instruction sheet shall be provided in the form of actual printed material, Quick
Response (QR) code, or the address on the internet where users can download the’required instructions.
When a manyfacturer’s website is used to identify information, the web addressyshall be marked on the
AFCI, packaging, and/or information sheet. The web address may be in the form of a Uniform Resource
Locator (URY — http://www.__ .com/___/), or as a Quick Response (QR)'‘Code. The web|address link
shall take the] installer/operator to an internet page containing a link to the installation instrugtion/Owner’s
manual. The file shall be unrestricted and in a file format that is commonty used and downloadable.
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Figure 68.1

Installation instructions

A CAUTION

M a n u fa Ct u re r' S - To prevent severe shock or electrocu-

tion, always turn the power OFF at the

N a m e service panel before working with

wiring.

Use this Outlet Circuit AFCI with copper
or copper-clad wire. Do not use it with
aluminum wire.

nsta lin g an d . Do not install this Outlet Circuit AFC

. on a circuit that powers life support
Te Stl n g a n equipment because if the ARCIMrips it
will shut down the equipment.
O u tI et C i rCU it AFC I . To be installed only insbranch circuits
provided with an eqipment grounding
conductor opother acceptable
equipmentgrounding method.

) - For installation in wet locations,
Please read this leaflet protéetthe Outlet Circuit AFCI with a

compl etely before weatherproof cover that will keep both

getting started the receptacle and any plugs dry.
' + Must be installed in accordance with

national and local electrical codes.

3. Should you install,it? 4. LINE vs. LOAD

Installinglan Outlet Circuit AFCI can be A cable consists of 2 or 3 wires.
more corpplicated than installing a
conventipnal receptacle. Cable Wires
—1
Make sufe that you:
- Undefstand basic Wiring principles —
and tg¢chniques
a LINE cable:
. . . Delivers power from the service panel
» Can ipterpret wiring diagrams (breaker panel or fuse box) to the AFCI. If

there is only one cable entering the
electrical box, it is the LINE cable. This
cable should be connected to the AFCl's
LINE terminals only.

- Have circuit wiring experience

« Are prepared to take a few minutes to

test your work, making sure that you LOAD cable:
have wired the Outlet Circuit AFCI Delivers power from the AFCI to another
correctly receptacle in the circuit. This cable should

be connected to the AFCI's LOAD termi-
nals only. The LOAD terminals are under
the yellow sticker. Do not remove the
sticker at this time.

afci1
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Figure 68.2

Installation instructions

1. What is an Outlet Circuit AFCI?

An Outlet Circuit AFCl is different from
conventional receptacles. It is intended to
provide protection of cord sets and power-
supply cords connected to it against the

2. The AFCl's features —
FRONT VIEW

unwanted af]ads.nl.amng_m.thmnf
of an arcing fault, an AFCI will trip and

stop the flow] of electricity to mitigate
the effects of the arcing that may have
posed a risk [of fire ignition if the
arcing persigted.

Definition|of an arcing fault:

An arcing faglt is an unintentional
arcing condifion in a circuit. Arcing
occurs as a pormal condition in

some motorg or when a switch opens.
An example pf unintentional arcing
would be arging that occurs due to
severed power-supply cord conductors.

An Outlet Cifcuit AFCI does not protect
against circujt overloads or short-circuits
or against stock hazards.

5. Tufn the power OFF

Plug an elecjrical device, such as a lamp
or radio, into|the receptacle on which you
are working.[Turn the lamp or radio on.
Then, go to the service panel. Find the
breaker or fuse that protects that recep-
tacle. Place the breaker in the OFE-position
or completely remove the fuse. The lamp
or radio shoyld turn OFF.

| 1O

Receptacle b o) a
Outlet x O

| |
TEST button:
See step 8 ~ |:|

N =
| freser

RESET button: <

See step 8 U
Outlet

NMounting D O q
bracket O

6. Identify cables/wires -

Important:

Do not install the Outlet Circuit AFCI in
an electrical box containing (a) more
than 4 wires (not including the grounding
wires) or (b) cables with more than two
wires (not including the grounding wire).
Contact a qualified electrician if either (a)
or (b) is true.

If you are replacing an old receptacle,
pull it out of the electrical box without
disconnecting the wires.

A\Jl©

Next, plug in and turn ON the lamp or
radio at the receptacle's other outlet to
make sure the power is OFF at both
outlets. If the power is not OFF, stop
work and call an electrician to complete
the installation.

afci2

- If you see one cable (2-3 wires), it is the
LINE cable. The receptacle is probably in
position C (see diagram to the right).
Remove the receptacle and go to step 7A.

- If you see two cables (4-6 wires), the
receptacle is probably in position A or B
(see diagram to the right). Follow steps
a-e of the procedure to the right.

SEPTEMBER 26, 2023
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Figure 68.3

Installation instructions

BACK VIEW

Grounding terminal (Green):
Connection for bare
copper or green wire

Screw (terminal) colors:
Green = grounding terminal
Silver = white terminals
Brass = hot terminals

LINE
White terminal (Silver):
Connection for the LINE
cable's whife wire

LINE

Hot terminal (Brass);
Connection for the
LINE cable's black
wire

LOAD
White terminal (Silver): —r
Connection for the

LOAD cablg's white
wire

31IHM

-+— LOAD —»

HOT

LOAD

Hot terminal (Brass):
Connection for the
LOAD cable's black
wire

@)
0

A yellow sticker covers
the LOAD terminals.
Do not remove the
sticker at this time..

Procedyre: box with two cables (4-6 wires)
(a) Detact one cable's white and hotwires

from the receptacle and cap each'one

separately|with a wire connector._Make

sure that they are from thessame cable.

(b) Re-ingtall the receptacle in the electrical
box, attach the faceplate, then turn the
power ON Jat the Service panel.

Placement in circuit:

The AFCI's place in the circuit deter-
mines if it protects other receptacles in
the circuit.

Sample circuit:
M E

LINE

A
LINE

(c) Determine if power is flowing to the
receptacle. If so the capped wires are the
LOAD wires. If not the capped wires are
the LINE wires.

(d) Turn the power OFF at the service
panel, label the LINE and LOAD wires,
then remove the receptacle.

(e) Go to step 7B.

afci3

Service J lw
Panel
.

=
=9 &

—

OAl

/

Placing the AFCI in position A will also
provide protection to "load side"
receptacles B and C. On the other hand,
placing the AFCl in position C will not
provide protection to receptacles A or B.
Remember that receptacles A, B and C
can be in different rooms.

(w]
—

OAD

C
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afci4

Figure 68.4

Installation instructions

7. Connect the wires (choose A or B) ... only after
A: One cable (2 or 3 wires) entering the box @

LINE cable brings
power to the AFCI
GroundiTg connection
to box (if box has a
groundirjg terminal)
J
Wire ,,,,// g
connectgr t q‘
. ERE il “i Yellow sticker remains
Electnca o ! in place to cover the
X | LOAD terminals.
Aboyt wire connections: D
: ; Clockwise, 2/3 of the
:lee 1 incR way around screw
Conrect the {ANE cable wires to the LINE terminals:
- The'white wire connects to the White terminal (Silver)
+ The'black wire connects to the Hot terminal (Brass)
Conneetthe-grounding-wire{ontyifthere-is-a-grounding-wire):

- For a box with no grounding terminal: (diagram not shown) Connect the
LINE cable's bare copper (or green) wire directly to the grounding terminal on
the Outlet Circuit AFCI.

- For a box with a grounding terminal: (diagram shown above) Connect a 6-inch
bare copper (or green) 12 or 14 AWG wire to the grounding terminal on the
AFCI. Also connect a similar wire to the grounding terminal on the box.
Connect the ends of these wires to the LINE cable's bare copper (or green)
wire using a wire connector. If these wires are already in place, check the
connections.

Complete the installation:

- Fold the wires into the box, keeping the grounding wire away from the White
and Hot terminals. Screw the receptacle to the box and attach the faceplate.
. Go to step 8.
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Figure 68.5

Installation instructions

reading other side completely

@ B: Two cables (4 or 6 wires) entering the box

LINE cable brings
power tothe AECI

to box (ff

Wire

Electricpl
box

Grounding connection

grounding terminal)

connecjor

LOAD gable
feeds ppwer to JE— L
other rgceptacle(s).

I About|wire connections:

box has a

D Clockwise, 2/3 of the

way around screw

Wire | — 1inch —4
I S

Connect the LINE ¢able wires to the LINE terminals:

« The white wire onnects to the White terminal (Silver)
- The black‘Wire-connects to the Hot terminal (Brass)

IConngct the LOAD cable wires to the LOAD terminals:

+ Remove the yellow sticker to reveal the LOAD terminals
- ‘The‘white wire connects to the White terminal (Silver)
~The black wire connects to the Hot terminal (Brass)

afci5

IConnect the grounding wires as shown above (only if there is a
grounding wire):

« Connect a 6-inch bare copper (or green) 12 or 14 ANG wire to the grounding
terminal on the AFCI. If the box has a grounding terminal, also connect a
similar wire to the grounding terminal on the box. Connect the ends of these wires
to the LINE and LOAD cable's bare copper (or green) wire using a wire connec-
tor. If these wires are already in place, check the connections.

Complete the installation:

- Fold the wires into the box, keeping the grounding wire away from the White
and Hot terminals. Screw the receptacle to the box and attach the faceplate.
- Go to step 8.
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afcié

Figure 68.6

Installation instructions

8. Test your work
Why perform this test?

If you miswire the AFCI it may not mitigate the effects of arcing faults due to

unintentional arcing in a circuit.

If you mistakenly connect the LINE wires to the LOAD terminals, the AFCI will
T i i - ftwittmotimterroptan

unintentional arcing fault.

Prog¢edure: A
(a) Tyrn the power ON at the service panel. Press the RESET button

fully. PJug a lamp or radio into the AFCI (and leave it plugged-in) @

to verifly that the power is ON. If there is no power, go to Trouble- 2
shooting m@m\h\
(b) Press the TEST button in order to trip the device. This

should|stop the flow of electricity, making the radio or lamp shut g

OFF. Note that the RESET button will pop-out. If the power = 7
stays QN, go to Troubleshooting. If the power goes OFF, you have @\l"\
installgd the outlet circuit AFCI correctly. To restore power, press

the RESET button. 9

:

st power when you pressed the TEST button.-D@’not plug
ing devices into any receptacles that lost power Place a
"AFCI Protected" sticker on every receptacle that lost power.

pu

(d) Press the TEST button (then RESET.button) every month to
assure| proper operation.

TROUBLESHOOTING

Turn the power OFF and chegck the wire connections against the appropriate
wiring fiagram in step.ZA‘or 7B. Make sure that there are no loose wires or loose
connegtions. Also, if is-possible that you reversed the LINE and LOAD connec-
tions. LINE/LOAD reversal will be indicated by power remaining ON at the AFCI
after ypu press-the AFCl's TEST button. Reverse the LINE and LOAD connections
if necepsarys, Start the test from the beginning of step 8 if you rewired any connec-

tions t¢ the AFCI.
General Information
Outlet Circuit AFCI rating: Warranty:
The receptacle's ratings go here. A condensed manufacturer's warrantly
statement goes here.
Contact:

The manufacturer's address and telephone
number go here.
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SUPPLEMENT SA — AFCIs RATED 120/240 V
INTRODUCTION
SA1 Scope

SA1.1 These requirements cover arc-fault circuit-interrupters rated 120/240 V that are intended to be
installed on circuits with two ungrounded conductors and a grounded conductor.

SA1.2 An arc-fault circuit-interrupter rated 120/240 V shall comply with the requirements of the
preceding sections of this Standard as modified or supplemented by the following requirements.

SA1.3 Arc-
on only 120/

itable for use
fSA4.4.

ault circuit-interrupters meeting the requirements of this Supplement shall be-sy
P40 V single-phase systems unless they also meet the additional requirementso

CONSTRUCITION

SA2 Spacings

SA2.1 Spa
not be less th

tings at field wiring terminals where the potential is 201 to 400V peak between terminals shall

an 3/8 inch.
SA3 Opergtion
SA3.1

Except as indicated in SA3.2, an arc-fault circuit-interrupter rated 120/240 V shall ogerate to open

the circuit in

one at a time\.

SA3.2 Ac
attachment p

SA3.3 An 4

the event of a fault, with the supply to each-of the ungrounded line terminals

brd AFCI rated 120/240 V constructed with arc fault protection circuitry in
lug and intended for a dedicated‘load need not comply with the requirements of

rc-fault circuit-interrupteprated 120/240 V shall operate to open both ungrounde

lisconnected,

tegral to the
SA3.1.

bd conductors

in the event o¢f a fault.

PERFORMANCE
SA4 Gene

al

SA4.1 The
RMS 110 pe

available”short-circuit current for the tests where the supply is 120/240 V shdll be 1,000 A

cent line-to-line.

SA4.2 When test currents of less than 1,000 A are required, the current is to be limited by adding lengths
of wire for currents of 75 A and higher, and by adding resistances for currents less than 75 A.

SA4.3 An arc-fault circuit-interrupter rated 120/240 V is to be subjected to tests in accordance with
Sections 34 — 42 on test circuits rated 120 V where faults are applied on each ungrounded conductor, in
turn, and in accordance with Sections SA4 — SA12 on test circuits rated 120/240 V, where 240 V is
available between the two ungrounded conductors.

SA4.4 An AFCI intended for use on 208Y/120 V three-phase systems shall also meet the performance
requirements of this Supplement when connected to a 208Y/120 V power supply.
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SA5 Leakage Current Measurement

SA5.1 The two-pole AFCI is to be subject to the Leakage Current Measurement Test of Section 37,
except that the supply voltage is to be 110 percent of nominal instead of 120 V, as shown in Figure SA5.1.

Figure SA5.1

Leakage-current measurement circuits

= —— S2 PRODUCT METER
! C I A
110% of V) \/1T° R 9| 1) o I N I DA
Nominal — [ 5 0 :_j— N ——
! LY a
=

GR
St q INSULATING
TABLE

GROUNDED SUPPLY CONDUCTOR B

LC200N

NOTE:
A — Probe with shielded lead.
B — Separated and used as clip when measuring currents from one part of the device to another.

SA6 Voltage Surge Test

SA6.1 The fepresentative AFCl.is to be subject to the Voltage Surge Test of Section 38, except that the
surge voltage impulses are to_be applied on each ungrounded conductor, in turn, rather [than on one
ungrounded gonductor.

SA7 Carbohized Path Arc Ignition Test

SA7.1 The fwo:pole AFCIl is to be subject to the Carbonized Path Arc Ignition Test of 40.4, except that
the supply voltage is to be 120/240 V instead of 120 V and the AFCl is to be connected line-tp-line instead
of line-to-neutral, as shown in the circuit in Figure SA7.1, which shows a typical way of performing the test.
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Figure SA7.1
Carbonized path tester — arc ignition test (load deenergized)

120 VAC @ 30 mAAC @

8

load

eLs
1 e 1 START
26 el 1" smanac
"iNE coro S+ ©!* DAYTON MODEL 6A855
_——— e Timer Rela
lone |
lo f 1
NEUTRAL RELAY #1
|lo——
2
POTTER & BRUMFIELD
PRD11AGO-120V
LINE
[ CONDUCTOR CUT
A NC NO
8 4 ]| O_‘ —_——— g ()
F I 11 J T
C ° <€‘
TN o]
| — -
LINE 15KV CT @ 30 mA
° O—t—5--———"—"—"———/
N [
[,

-
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