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SUMMARY OF TOPICS

This revision of ANSI/UL 1699B dated May 18, 2021 includes the following changes in
requirements:

— Revision to requirements for the self-testing of circuits; 23.1, 23.2, 23.7, 25.2, 27.2.2, 53.1,

53.2

— Aditional set-up figure for the arc-fault detection test; Table 29.1, Figure 29)14,
30.2,| Figure 30.3, Figure 30.6B, 30.4.3 and 30.4.4

and 53.7

Figure

- Re
29.7
29.1

— Clgrification of miscellaneous requirements; 29.1.11, 29.1-12, Table 29.3 and Tal

- Re

— Clgrification when using array simulators; 24.4,-29.1.3, Table 29.3 and Table 30.

— Test conditions for single and dual module for electronic devices; Table 29.2

arc-

Text that hgs been changed in any/manner or impacted by UL's electronic publishing syste
with a vertical line in the margin.

The new and revised requirements are substantially in accordance with Proposal(s) on this s
November 27, 2020 and March 12, 2021.
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without prio

vision for additional single/dual module test configurations; 29.4:1,) Table 29.

1, Figures

nd 29.8, Figure 29.8A, 29.7.1, Figure 29.17, Figure 29.17A.1 - Figure 29.17A.

4, Figure

, 30.1.1 and Figure 30.5A.1 — Figure 30.5A.4

ble 30.1

yision to annunciation and test methods; 22.1 and.52.1

ult detection tests; 29.1.3 and-29.1.4

in any~form by any means, electronic, mechanical photocopying, recording,
pérmission of UL.

- Clz'ification for determining most adverse condition and brute force method foy series

m is marked

ubject dated

system, or
br otherwise

UL provides this Standard "as is" without warranty of any kind, either expressed or implied, including but
not limited to, the implied warranties of merchantability or fithess for any purpose.

In no event will UL be liable for any special, incidental, consequential, indirect or similar damages,
including loss of profits, lost savings, loss of data, or any other damages arising out of the use of or the
inability to use this Standard, even if UL or an authorized UL representative has been advised of the
possibility of such damage. In no event shall UL's liability for any damage ever exceed the price paid for
this Standard, regardless of the form of the claim.

Users of the electronic versions of UL's Standards for Safety agree to defend, indemnify, and hold UL
harmless from and against any loss, expense, liability, damage, claim, or judgment (including reasonable
attorney's fees) resulting from any error or deviation introduced while purchaser is storing an electronic
Standard on the purchaser's computer system.
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PART 1 - ALL DEVICES

INTRODUCTION

1 Scope

1.1 These requirements cover DC photovoltaic arc-fault circuit protection devices intended for use in

solar photovoltaic electrical energy systems as described in Article 690 of the National Electrical Code,
NFPA 70. This protection is 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 These|requirements cover devices including photovoltaic (PV) dc arc-fault circuit-interru

l

arc-fault de
integral arc-

1.3 These

systems that are supplied by a photovoltaic source, such as a module with“solar cells

generate dg
1.4 These

1.5 In Pan
covered by
and Part 3
the particulg

1.6 A de
disconnects
additionally
provide thos

2 Glossar
2.1

2.2 ANNU
device.

2.3 ARCIN

For the purposes of this(standard the following definitions apply.

ectors (AFD), interrupting devices (ID) and inverters, converters, and chargé)co
fault circuit-interrupter protection.

requirements cover devices rated 1500 volts or less. They are intended for use in

power when exposed to sunlight.
devices are not intended to detect glowing connections.

t 1 of these requirements the term "device" is used“generically to apply to all of
hese requirements and is modified when the requirement does not apply to all typ
pf these requirements the term "device" is uséd.generically to apply to all device
r part of this Standard, and is modified when’the requirement does not apply to all

vice that is also intended to perform other functions, such as overcurren

comply with the requirements of(the applicable Standard or Standards that cover
e functions as intended for use. in PV systems.

y

NCIATOR . =A feature of a device that gives an indication upon the functioning of

G==A’'luminous discharge of electricity across an insulating medium, usually acc

pters (AFCI),
htrollers with

dc electrical
designed to

the devices
es. In Part 2
5 covered by
types.

[ protection,

, combiner boxes, inverters, or otherPV system functions or any combination thereof, shall

devices that

a protective

bmpanied by

the partial v

blatilization of the electrodes

2.4 ARCING FAULT — An unintentional arcing condition in a circuit.

2.5 CELL - The basic photovoltaic device that generates electricity when exposed to sunlight.

2.6 CHARGE CONTROLLER - A device intended to control the charging process of storage batteries
used in photovoltaic power systems.

2.7 CONVERTER (DC) — A device that accepts dc power input and converts it to another form of dc

power.

2.8 DUT-

Device under test.
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2.9 FUNCTIONAL INSULATION - Insulation that is necessary only for the functioning of the equipment.
2.10 INVERTER - An electronic device that changes dc power to ac power.

211 INTERRUPTING CONTACT — A contact device inserted in series with the source and/or load. It is
intended to stop the flow of arcing current by opening the circuit and may be a mechanical contact set with

an air gap or a solid state switching device.

212

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 microelec

2.13 OPEH
certain circu

2.14 PARA
negative con

2.15 PHO]
intended to
when an arg
unwanted eff

216 PHO
provide prot

device to intI

217 PHO
installation i
enabled by
interruption ¢

2.18 PRO(

ronics include: ASIUS, RUNMS, RAMS, FPRUNMS, EFROUNMS, FALS, and FLDUS. See £}

RATION INHIBITION — Denotes the concealment of an arcing fault by the normal
t components.

LLEL ARCING - Arcing that is in parallel with the load, such as(béetween the
ductors, or between any two conductors or, any single conductor and ground.

[OVOLTAIC (PV) DC ARC-FAULT CIRCUIT-INTERRUPAER (PV AFCI) — A de
be installed in a photovoltaic energy system to interrupt power delivered to an
ing fault is detected by the AFCI. It is intended to-provide protection to the PV s
fects of arcing.

FTOVOLTAIC (PV) DC ARC-FAULT DETECTOR (PV AFD) — A device that is

rrupt power delivered to an arcing fault:

TOVOLTAIC (PV) DC INTERRURTING DEVICE (PV ID) — A device that is i
N a photovoltaic energy system to interrupt a detected arcing fault. The device
bnother device which detegts’ arcing, such an arc-fault detector. The device can
r shorting function as appropriate to interrupt power delivered to an arcing fault.

design centgr, the factory, or)in the field. Here the term "programmable” is taken to be "an

which one
microelectro

can alter the\software wherein the behavior of the component can be al
nics defined-in 2.12 are examples of programmable components.

219 PVM

DULE — The smallest environmentally protected assembly of solar cells and an

18.

pperation of

positive and

vice that is
arcing fault
system from

intended to

ction to the PV system from unwanted effects of arcing by enabling an interruption or shorting

ntended for
is generally
perform an

ERAMMABLE COMPONENT — Any microelectronic hardware that can be programmed in the

manner in
tered." The

cillary parts,

such as inteffconnects and terminals, intended to generate dc power under sunlight.

2.20 SERIES ARCING - Arcing that is in series with the load and is the result of a failure in the intended
continuity of a conductor, connection, module or other system components in the direct current PV source
and output circuits.

2.21  SHUNTING CONTACT — A contact device inserted in parallel with the source and/or load. It is
intended to stop the flow of arcing current by short circuiting the supply or shunting current around the
arcing fault location. It may be a mechanical contact set with an air gap or a solid state switching device.

2.22 TYPE 1 DEVICE - A photovoltaic device that is intended to detect or interrupt series arcing faults.

2.23 UNWANTED TRIP — A tripping function in response to a condition that is not an arcing fault but a
condition that occurs as part of the normal or anticipated operation of circuit components.
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3 Components

3.1

Except as 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 components generally
used in the products covered by this standard.

3.2 Acom

ponent is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the

uct covered by this standard, or

superseded by a requirement in this standard

prod

b) Is
3.3 A conj
use.
3.4 Spec
capabilities.
temperature
4 Units of
4.1 Valueg

approximatg

ponent shall be used in accordance with its rating established for the intended

fic components are incomplete in construction features or restricted in
Such components are intended for use only under limited ‘conditions, suc
s not exceeding specified limits, and shall be used only underthose specific condi

Measurement

b stated without parentheses are the requirementiValues in parentheses are e
 information.

5 Undated References

51 Anyu
interpreted

CONSTRU(
6 General
6.1 All de\

7 Corrosi

7.1 Parts,

Idated reference to a code or standard appearing in the requirements of this stan

s referring to the latest edition of that code or standard.

CTION

ices shall complyywith the construction requirements in Sections 7 — 14 of this star
bn Protection

in @ddition to enclosures, shall be protected against corrosion if failure of such pa

likely to res

conditions of

performance
n as certain
tions.

planatory or

Hard shall be

dard.

rts would be

ilt\in a hazardous condition such as the inability of the device to perform its inten

ed function.

Compliance
8 Current

8.1

is determined by the Corrosion Test, Section 38.

Carrying Parts

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.
9 Internal

9.1

Wiring

Wires smaller than 24 AWG (0.21 mm?) shall be investigated for the application.

The gauge and insulation of wires shall withstand the mechanical and electrical stresses of service.
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10 Insulation

10.1 A device shall have at least functional insulation throughout. Materials shall be suitable for the
temperature, voltage and conditions of service.

11 Power Supply

11.1 The power supply of a device shall be a commercial light and power source available in a building,

dc power from a photovoltaic source, or both. The power supply shall be capable of allowing the device to

function and

provide protection at all times when the danger of an arcing fault is present.

11.2 When
intended poy

12 Operating Mechanism

12.1 Comp
restraint of a

13 Progra

13.1 Ifad
detection or
accordance
13.9. As an
Automatic E

of Electrical{Electronic/Programmable Electronic Safety Related Systems, IEC 61508, may

evaluate fun

13.2 Allof
to programn
13.9.

13.3 Theri
a) Un
b) Fa

c)Fa

conducting tests in accordance with Part 2 or Part 3 of this standard, tests applic
ver supply type as mentioned in 11.1 shall be conducted.

liance with the provisions of arcing fault interruption shall not be prevented by ma
ccessible levers, knobs, and the like of a device.

mmable Circuit Components

evice employs a programmable circuit component)such as a microprocessor in
interruption system, or in its test circuits, that pertion of the device shall be iny
with the Standard for Software in Programmable"Components, UL 1998, as defin
alternative to UL 1998 and the requirements as defined in 13.2 — 13.9, the §
ectrical Controls — Part 1: General Requirements, UL 60730-1, Annex H, or Funct

ctional safety. IEC 61508 evaluations'shall be SIL2 or higher.

he requirements of the Standard for Software in Programmable Components, UL
able components employed-in a device as mentioned in 13.1, except as modifie

5ks to be considered for the Risk Analysis portion of UL 1998 include the following
wanted tripping;
lure to trip under conditions where tripping should occur; and

lure'of a test circuit to complete evaluation.

hble to each

nipulation or

its arc fault
estigated in
edin 13.2 —
btandard for
ional Safety
be used to

1998, apply
d by 13.3 —

scenarios:

13.4 The Tool Qualification requirements from UL 1998 are modified in 13.5 and 13.6.

13.5 All tools used in the design, implementation, and verification of software shall be documented. The
documentation shall include:

a)Th

b) Th

e name of the tool supplier or developer;

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

c) The tool version identification;

d) A description of the purpose for which the tool is used; and

e)Al

ist of known errors, faults or failures of the tool performance, such as a "bug list".
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13.6 Software tools are defined as software or hardware used in the development, testing, analysis, or
maintenance of a program or its documentation. Examples include compilers, assemblers, timing
analyzers, logic analyzers, test case generators, simulators, emulators, and similar tools.

13.7 Means shall be employed to address all microelectronic hardware failure modes identified in the
Risk Analysis of 13.3. The analysis shall consider all possible combinations of microelectronic hardware
failures, software faults, and other events that are capable of resulting in a risk. This includes, for example,
microelectronic hardware failures that cause software faults that are capable of resulting in a risk.
Detection of failure modes shall be at a frequency and adequacy suitable for the application.

13.8 One approach to comply with 13.7 is for the manufacturer to:

a) ldentify failure modes;
b) Determine safety impact of failure modes;
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
suitdble for the application; and

e) Hrovide evidence that the failure rate of microelectronic components is suitgble for the
application.

13.9 The requirements in UL 1998 addressing user interfaces do not apply.
14 Electronic Interruption
14.1 General

14.1.1  Solid state components used in place of air gap contacts to interrupt or shunt an grc fault shall
comply with|14.2 — 14.4 as applicable.

14.2 "Off"| state or stand-by mode current

14.2.1  When arcing is intérrupted by an interrupting contact using electronic means, the avallable current
with the system in the "off" state or stand-by mode after interruption shall not exceed 250 mA with the DC
system at maximum rated voltage.

14.3 Reli1bility

14.3.1 Except as indicated in 14.3.2, solid-state components that function as an interrupting contact or
shunting contact to terminate an arc fault shall be investigated in accordance with the Standard for Tests
for Safety-Related Controls Employing Solid-State Devices, UL 991. This UL 991 investigation shall
include the failure of any components between the interrupting or shunting components and the product’s
input and or output wiring connections that may prevent the interrupting or shunting devices from clearing
an arc fault.

14.3.2 If degradation and/or failure of these components is detected and indicated by the test circuit,
then only the test circuit shall be investigated in accordance with UL 991.

14.3.3 When the Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-
1, Annex H, or Functional Safety of Electrical/Electronic/Programmable Electronic Safety Related
Systems, IEC 61508, are used as an alternative to UL 1998 in order to determine compliance with the
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requirements as defined in Programmable Circuit Components, Section 13, these standards may be used
to evaluate the hardware requirements of UL 991.

14.4 Programmable circuit components

14.4.1 If a device employs a programmable circuit component such as a microprocessor to implement
the test circuit function mentioned above in 14.3.2, that portion of the circuit shall be investigated in
accordance with Programmable Circuit Components, Section 13.

MANUFACTURING AND PRODUCTION LINE TESTS

15 General

15.1 Each| device shall be subjected to the manufacturing and production-line (tests described in
Appendix B.

PART 2 - PY AFCI, PV AFD, AND PV ID DEVICES
CONSTRUQTION
16 General

16.1 A PV|AFCI, PV AFD, or PV ID device shall comply with the construction requirements|of Part 1 of
this Standardl as well as Sections 17 — 23.

17 Accesslibility of Energized Parts
17.1 Parts jof a device shall not be accessible When they are installed as intended and energized.

17.2 Parts|are considered to be accessible if they can be touched using the articulated probe shown in
Figure 17.1.

17.3 Accesgs to the trip mechanism shall not be attainable with ordinary tools.
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Figure 17.1
Articulated probe
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18 Spacings

18.1

Table 18.1
Spacing in mm (inches)®?

Except as indicated in 18.2, a device shall comply with the requirements shown in Table 18.1.

Operating potential between parts

0-200V peak

201 -400 V peak 401 —1000 V peak

1001 — 1500 V peak

Through air

Over Through air Over Through air Over Through air

Over

P P P
SUrtace SUTtace SUTTace

surface

3.2 (1/8)

6.4 (1/4) 6.4 (1/4) 9.5 (3/8) 9.5 (3/8) 12.7 (112) 17.8 (0.70)

30.5 (1.20)

@ Smaller spa

® For printed

conformal coa|
reduced to 0.8
accordance w

ings may be acceptable where they are inherent in a suitable component.

iring boards with suitable conformal coating which have been determined to comply with the requiremg
ings in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations{UL746C, spa
mm (1/32 inch), and may be reduced further if the coating is determined to be suitable-and it is evalua
th UL 746C for the reduced spacing.

nts for
ings may be
ed in

18.2 At fie
shall be not
for devices 1
less than 30

d-wiring terminals, the spacings between terminals with a’potential difference be
ess than 6.4 mm (1/4 inch) for devices rated 200 V and less, not less than 9.5 m
ated 201 — 400 V, not less than 12.7 mm ( 1/2 inch)far devices rated 401 — 100
5 mm (1.20 inch) for devices rated over 1000V.

18.3 Except as permitted in Note a of Table 18.1, if a groove or a slot in insulating material

0.4 mm (1/6;
the surface.

18.4 Spaci
considered t
is not less th

18.5 Film-g

18.6 As an
(through air
may be evg
Insulation C¢

18.7 Wher

L inch) wide, the contour of the slot or groove'is to be disregarded in measuring sq

hgs measured along the boundary of insulating materials that have been joined
an that of any of the materials;joined.

oated magnet wire is considered to be uninsulated in determining spacings.
alternative to therequirements specified in 18.1 — 18.5, the minimum acceptablg
Epacings) and\creepage distances (over surface spacings) for a printed wiring boa
luated as’specified in 18.7 — 18.9 using the applicable requirements in the §

ordination Including Clearances and Creepage Distances for Electrical Equipmen

applying the requirements in the Standard for Insulation Coordination Including

tween them
m (3/8 inch)
D V, and not

is less than
acings over

ogether are

b be spacings over surface unless it can be shown that the dielectric strength of the boundary

clearances
rd assembly
tandard for
t, UL 840.

Clearances

and Creepage Distances for Electrical Equipment, UL 84U, the environment for a printed v
assembly within a device is considered to be:

a) Po

b) Po

llution degree 3 for an assembly without a conformal coating;
llution degree 2 for:
1) An assembly with a coating,

2) An assembly without a coating when the printed wiring board is contained
housing that complies with the Dust Test, Section 45, or

viring board

in a sealed

c) Pollution degree 1 for an assembly with a conformal coating complying with the Printed Wiring
Board Coating Performance Test, in UL 840.
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18.8 For Clearance B (controlled overvoltage) requirements in the Standard for Insulation Coordination
Including Clearances and Creepage Distances for Electrical Equipment, UL 840, the applicable
overvoltage category for line-voltage circuits is Category Il for PV AFCls, PV AFDs, and PV IDs. Category
| is applicable to low-voltage circuits if short circuit between the parts involved may result in an increase in
the risk of fire or electric shock. Any overvoltage protection device needed to achieve these categories
shall be provided as an integral part of the device.

18.9 Where measurement of clearances and creepage distances is involved to establish the minimum
spacings, the methods specified in Measurement of Clearance and Creepage Distances in the Standard
for Insulation Coordination Including Clearances and Creepage Distances for Electrical Equipment, UL

840, shall be used.

18.10 As
requirement
Converters

19 Termin
19.1

19.1.1 Ad
in the field
terminals sHh

19.1.2 Ad
indicated by

an alternative to the requirements specified in this Section, Creepage~an
s may be evaluated in accordance with Tables 13 and 14 of the Standar
or use in Photovoltaic Power Systems — Part 1: General Requirements, UL 62109

als

Genegral

evice shall have terminals suitable for the application.(Jerminals that are intende
shall be in the form of terminal leads, wire binding. screws or pressure-wire te
all comply with 19.2, 19.3, or 19.4 as applicable.

evice may also be evaluated for use with PY>wire, or other class and strand conf
marking. See 47.9.

19.2 Terminal leads

19.21 Te
ampacity in
device.

19.2.2 Th
conforms w
green with g

minal leads shall differ by no_more than two wire sizes from the size that wo
accordance with the National Electrical Code (NEC), ANSI/NFPA 70 for the

b insulation of leadtype terminals shall be rated for the application and be of
th the requirements of the NEC, that is white or gray for the grounded conductor
yellow stripe\for the grounding conductor.

i Clearance
1 for Power
1.

i to be wired
rminals. The

gurations as

uld have an

rating of the

a color that
and green or

19.2.3 The free length of a terminal lead shall be at least 152 mm (6 inches).

19.2.4 A f{erminal lead shall be constructed so as to withstand the stress of normal han
damage to itself or the device. See Mechanical Tests, Section 44.

ling without

19.3 Wire binding screw terminals

19.3.1 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.

19.3.2 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). A minimum of two threads shall be engaged.

19.3.3 A terminal plate tapped for a wire binding screw shall be of metal not less than 1.27 mm (0.05
inch) thick and shall have not less than 2 full threads in the metal; except that a plate made of a special
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alloy not less than 0.76 mm (0.03 inch) thick shall be permitted if the tapped threads have the necessary
mechanical strength.

19.3.4 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

pitch of the thread.

19.4 Pressure wire terminals

19.4.1

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 Con

19.4.2 The
Connectors,
Copper Con
as required

100 percent
wire size co
values shall

lesser assigmed torque value.

1943 Ap
or reduce sp|

uctors, UL 460E.

tightening torque for a field wiring terminal shall be in accordance with the,Stand
UL 486A-486B, the Standard for Equipment Wiring Terminals for Usewith” Alum
Huctors, UL 486E, or as specified by the device manufacturer and the-device sha
by 50.10. The specified tightening torque shall not be less than 90(percent and ng

fresponding to the ampere rating of the device. See Mechanieal Tests, Section

be permitted to be less than 90 percent if the connector is investigated in accorda

ressure wire connector shall be prevented from moving (rotating) so as to strain
acings to unacceptable values.

ard for Wire
num and/or
| be marked
t more than

of the value used in the static heating test as specified in UL 486A-486B or UL 486E, for the

44. Torque
nce with the

connections

20 Enclospre

20.1  When a device is provided with its own engclosure, the enclosure shall comply with the réquirements
in the Standard for Enclosures for Electrical Equipment, Non-Environmental Considerations,|UL 50, and
the applicabje enclosure requirements for the intended environment in the Standard for Enfclosures for
Electrical Equipment, Environmental Considerations, UL 50E.

21 Grounding

21.1  All adcessible parts (of)ya PV AFCI, AFD or ID device that are likely to become energ|zed if there

should be arjc-over, insulation failure or the like, shall be connected together and to the termi

for the equip|

21.2 A dey

ment grodnding conductor.

icesintended to be connected to multiple power sources, such as a PV power s

hal intended

burce and a

commercial

ightand power source, shall incorporate terminals or provisions for connecting thg

e equipment

grounding conductor from each source.

22 Annunciator

22.1

A PV AFCI or AFD device exceeding the limits of region A as defined in Figure 29.9 shall be

provided with an annunciator (local or remote) that provides a visual indication that the device has
operated when an arc fault is detected. This indication shall not reset automatically after exceeding the
limits defined in 29.1.8.

22.2 It shall be permissible for the indication to be manually reset by remote means.
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23 Test Circuits or Methods

23.1 A PV AFCI or AFD device shall be provided with a manual or automatic test circuit or method
complying with 23.2 — 23.7.

23.2 The arc detection circuit or software shall be tested by simulating an arc or by other means that
offer equivalent levels of protection. Equivalent methods or means shall be agreed upon by all concerned
parties and documented in the test results. The manual test circuit or method shall allow for periodic
testing of the device by manual means that does not require the use of a tool.

23.3 Operation of the manual test circuit shall cause the contacts of the PV AFCI device to open or a PV

AFD device[to activate its output such that an associated PV TDor other interruption device Jwould open.
The results pf the test shall be made known to the user by a positive visual indication.
23.4 Failufe of a manual or automatic test shall cause the inverter, converter, or charde controller to turn
off or go to p stand-by state. The results of the test shall be made known to the usér by a ppsitive visual
indication. Tfhis visual indication is not required when the PV power source is inactive, but must be present
when PV pgwer is sufficient to activate the inverter or charge controller in an "off" or stand-by state.
23.5 A deYice may be provided with a means to actuate the test remotely. If such a featurq is provided,
then the deyice shall include a remote visual indication of the results of the test and shall [also provide
means for remote manual reset.
23.6 An automatic self-test feature shall test the device.each time prior to supplying current from the
PVDC circult.
23.7 Any [test circuit or method that employs -a*programmable circuit component shall jcomply with
Section 13, Programmable Circuit Components;
PERFORMANCE
24 General
241 A PY AFCI, AFD or(ID"device shall comply with the applicable performance reqpiirements in
Sections 25|— 45, as detailed)in Table 24.1.
Table 24.1
Test sequence
Test name Section Cor_|ditioning la Overload /b Other®
environmental endurance

Humidity 25 X

Leakage® 26 X

Voltage surge® 27 X

Environmental sequence 28 X

Arc fault detection 29 X

Unwanted tripping 30 X

Normal Temperature 31 X

Overvoltage® 32 X

Table 24.1 Continued on Next Page
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Table 24.1 Continued

Overload 33 X
Endurance 34 X
Dielectric voltage withstand 35 X X
Abnormal Operations 36 X
Short circuit 37 X
Corrosion 38 X
Surge current? 39 X
Abnormal ovefvoltage® 40 X
Supplemental[voltage surge® 41 X
Resistance to environmental noise 42 X
Electrostatic djscharge 42.2 X
Radiated EMI 42.3 X
Fast transientg® 42.4 X
Voltage surge f[mmunity? 425 X
Conducted EMII® 42.6 X
Voltage dips® 427 X
Strain relief 43 X
Mechanical 44 X
Dust 45 X
@ The same representative device shall be subject to the tests in thé\sequence shown.
b A new repregentative device shall be subject to all of the tests in the sequence shown.
¢ These tests meed not be conducted in the sequence showirand may be conducted on new representative devices, ¢xcept when
the dielectric Voltage withstand is required as part of another test.
4 Only applicable to devices with built-in power supplies deriving their power from a commerecial light or power source|(devices with
AC input).
¢ Conducted a the DC input of all devices plds the AC input of devices with built-in power supplies deriving their power from a
commercial light or power source (devices with AC input).

24.2 Aninferrupting devicg, such as a PV ID, intended for use with a specific detection devic|

PV AFD, shg

24.3 When
type as men

Il be tested.in\combination with that device as intended.

ionediin 11.1 shall be conducted.

conducting tests in accordance with this Part, tests applicable to each intended p|

e, such as a

pwer supply

24.4 For tests requiring a source of PV power, the source shall consist of an array of PV modules
connected in a series or series/parallel, or a simulated PV DC power source (or Solar Array/PV Simulator)
having characteristics similar to a PV array. Since a simulated PV DC power source may produce
unwanted tripping, or may inhibit the PV AFCI from detecting arcing, when deemed necessary, referee
tests shall be made using a suitable array of PV modules. When using an actual PV array or Solar
Array/PV simulator, the following optional changes can be made according to the values in Table 29.3 and

Table 30.1:

a) The impedance of the actual interconnection conductors shall be verified and the values for the
Line Impedance model (L4, L5, R3, R4) may be altered to adjust for the measured conductor
values. The total impedance shall not exceed the values specified in Table 29.3 and Table 30.1.

b) The DC source resistance (R1, R2) of the decoupling network may be removed.



https://ulnorm.com/api/?name=UL 1699B 2021.pdf

MAY 18, 2021

UL 1699B

19

245 Where tests are specified to be conducted at maximum power, the PV power source shall be

adjusted for

its Maximum Power Point (MPP) as follows:

a) The open circuit voltage of the PV supply shall be within 10 percent of the rated voltage of the
device being tested but less than the rating of the device, and

b) The total current capability of the PV supplies shall be at least 125 percent of the maximum DC
source short circuit current rating of the DUT.

Note:

If actual PV modules are used, it may be necessary to parallel two or more strings.

c) Power may be limited by the DC source or the inverter.

25 Humidkty Conditioning

251 Aref

resentative device is to be exposed for 168 hours to air at a relative humidity of 9

at a temperature of 32.0 £2.0°C (89.6 £3.6°F). The device is to be exposed to ambignt air at a

of atleast 3

25.2 Follo
the repressg
representat

D°C (86°F) until thermal equilibrium is attained before being placedn:the test chan

ntative device shall be connected to an appropriate seurce of power. Oper
ve device shall be verified by actuating the test circuit or, method.

26 Leakage Current Measurement

26.1 The
light or pow
with 26.2 — |

26.2 All ad
tested indivi

26.3 Ifas
is to be me
surface is l¢g
be pressed

26.4 Ther

eakage current of a device with a built-in pewer supply deriving its power from 3
br source (device with an AC input), shalknot be more than 0.5 mA when tested in
06.6.

cessible parts of a device are to be tested for leakage currents. The accessible p3
dually, collectively, and from onepart to another.

Lrface other than metal is_used for the enclosure or part of the enclosure, the lea
asured using metal foil 'with an area of 10 by 20 cm in contact with the surface
ss than 10 by 20 em, the metal foil is to be the same size as the surface. The metd
nto openings and'is not to remain in place long enough to affect the temperature g

26.1 and

used for a mmeasurement need only indicate the same numerical value for a measurement

g

defined insttument. The meter used need not have all the attributes of the defined instrument.

neasurement circuit for leakage current of a cord connected device is to be as shd

Figure 26:2./The measurement instrument is defined in (a) — (d) below. The meter th

3 £2 percent
temperature
hber.

ving the conditioning, while still in the chamber or within 60 s"after removal from the chamber,

ation of the

commercial
accordance

rts are to be

kage current
. Where the
| foil is not to
f the device.

wn in Figure
at is actually

TS would the

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance of

0.15

uF.

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 have a frequency
response (ratio of indicated to actual value of current) that is equal to the ratio of the impedance of
a 1500-ohm resistance, shunted by a 0.15-pyF capacitance, to 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
range of 0 — 100 kHz.

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


https://ulnorm.com/api/?name=UL 1699B 2021.pdf

20

UL 1699B

MAY 18, 2021

Figure 26.1

Leakage-current measurement circuit

PRODUCT

=D

INSULATING
—— TABLE

LC100

NOTES:
A — Probe with
B — Separated §

Leakage

§
120y

LC205A

hielded lead.

GROUNDED SUPPLY CONDUCTOR B

nd used as clip when measuring currents from one part of.the device to another.

Figure 26.2

120V

120v

| o
A==

AL *
L (MO

APPLIANCE

current measurement circuit used for grounded or ungrounded 208 Vrms or 240 Vrms
devices intended for connection to 3-wire neutral grounded circuits

IMEASUREMENT
INSTRUMENT

INSULATING TABLE |

GROUNDED SUPPLY CONDUCTOR

E3

NOTES:

1) * Separated and used as clip when measuring currents from one part of the device to another.

2) + Probe with shielded lead.

3) All voltages shown in Figure 26.2 are nominal.

4) When it is not feasible to isolate the device from ground, the supply circuit shall be isolated from ground. It is possible that it will
also be necessary to reverse the leads of the measurement instrument.
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26.5 An AFCI that is deriving its power from the utility is to be connected to the supply by way of the
terminals of the device, and tested in the same manner as a cord connected device except that switches
S1 and S2 are not to be employed.

26.6 A representative device is to be tested for leakage current after the conditioning described in
Humidity Conditioning, Section 25. If removed from the humidity chamber, the testing is to start within one
minute after its removal. The grounding conductor of a cord connected device is to be open at the supply
receptacle and the grounding conductor of a permanently connected device unit is not to be used. The
supply voltage is to be adjusted to 110 percent of the rated voltage. The test sequence, with reference to

the measuri

g circuit in Figure 26.1, is as follows:

a) W

currg
in all

b) S

ith switch S1 open, the device is to be connected to the measurement cirCuit.

their positions.

itch S1 is then to be closed, energizing the device, and within a(period of five

leak@ge current is to be measured using both positions of switch S2 and with the co

nt is to be measured using both positions of switch S2 and with the sample switc

The leakage
hing devices

seconds, the
htrol settings

varigd throughout the operating range.
c) Leakage current is to be monitored at intervals necessary'to determine the maximpum leakage
current, with additional measurements being taken until‘such time as thermal eguilibrium is

attai

ned. Both positions of switch S2 are to be used in determining this measurement.

27 \Voltage Surge Test

271

2711 De
tests descri

Geneéral

vices deriving their power from a.commercial light or power source shall be sub,
ped in 27.2 and 27.3. The surges-shall be applied to the AC input of the device.

ected to the

27.1.2 In addition to the tests of 27.1.1, devices deriving their power from a commercial light or power
source shall also be subjected to,the tests described in 27.2 and 27.3 with the surges applied fo the PV DC
input of the fdevice.

27.1.3 Degvices deriving, their power from a photovoltaic DC source shall be subjected|to the tests
described ir] 27.2 and(27:3 with the surges applied to the PV DC input of the device.

27.1.4 When applying the surges to the PV DC input of a device, the following shall apply:

a) Surges stattbeapptiedto the PV-DCinput of the device withmo PV DCpowerapptied.

b) If the device employs a contactor or other air gap device in its DC supply circuitry, it shall be
placed in the "on" position or bypassed prior to the application of the surges.

27.2 Unwanted tripping test (Ring wave)
27.2.1

A representative device shall not trip when subjected to the surges described in 27.2.2 — 27.2.5.

Note: For devices deriving their power from a photovoltaic DC source, this is a pre-conditioning test only.

27.2.2 All devices shall still be functional following the application of the ring wave surges. Functionality
of a device shall be verified by connecting it to an appropriate power source and actuating the test circuit
or method.
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27.2.3 Devices deriving their power from a commercial light or power source shall be subjected to ten
random applications or three controlled applications of a 3 kV surge applied at 60 second intervals. When
three controlled applications are employed, one application is to be essentially at zero of the supply
voltage wave, one at the positive peak, and one at the negative peak.

27.2.4 Devices deriving their power from a photovoltaic DC source shall be subjected to three random
applications of the 3 KV surge applied at 60 second intervals.

27.2.5 The surge generator is to have a surge impedance of 50 ohms. When there is no load on the

generator, the waveform of the surge is to be essentially as follows:

a) Ini

ial rica tima 0O 5 micrasacands hatwean 10 nercent and 00 narcant of neak amnlit
FH-HSSHRE8 0o HEOGS HGSOeHN APt PG pet R+-OHpeak—apHE

Lde;

b) Th

c)Ea

27.3 Surge immunity test (Combination wave)

e period of the following oscillatory wave, 10 microseconds; and

ch successive peak, 60 percent of the preceding peak.

27.3.1 Thg same device 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 cr¢ated 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 jparts, when
judggd in accordance with Accessibility of Energized Parts, Section 17.
27.3.2 Thdg device is permitted to trip during’surge immunity testing. If the device trips, it shall be reset

prior to the n

27.3.3 Foll
in a conditio
connecting if

27.3.4 The
Electromagn
Test, IEC 61
270 electricg

ext surge application.

pwing the application of the Surge Immunity (Combination Wave) surges, the de
h to continue the testi'sequence in Table 24.1. Functionality of the device shall bg
to an appropriate.power source and actuating the supervisory circuit.

test method"is to be conducted in accordance with the testing methods desc
etic Compatibility (EMC) — Part 4-5: Testing and Measurement Techniques — Sur

| degrees.

ice shall be
b verified by

ribed in the
je Immunity

000-4=5: Except as indicated in 27.3.5, the surges shall be applied at phase anglés of 90 and

27.3.5 For devices deriving their power from a photovoltaic DC source, five impulses shall be applied in
the positive direction and five impulses shall be applied in the negative direction for a total of 10 impulses
at each application point. Tests shall be conducted in accordance with Table 27.1 and Table 27.2.

27.3.6 For

all other devices, the surge impulse test levels in Table 27.3 shall be used.
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Table 27.1
PV input surge requirements
Surge type Surge/impulse Surge test resistance Number of impulses Surge polarity for
voltage per polarity each test point
Combination wave Table 27.2 12 oh 10 Negative
able . ohms
(1.2/50 psec) e ele 10 Positive
Table 27.2
Surge values
Maximum dc input rating of equipment Test Surge/impulse voltage
71Vdc 500V
141 Vdc 800V
213 Vdc 1500V
424 Vdc 2500V
849 Vdc 4000 V
1500 Vdc 6000 V
Note: Interpolation is permitted
Table 27.3
Surge impulse test levels
Imptilse?
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 IEEE
Recommendégd Practice on Surge Voltages in Lows\Voltage AC Power Circuits (ANSI/IEEE), IEEE C62.41.
28 Environmental Test Sequence
28.1 A dgvice that has pbeen conditioned by humidity, leakage current (when required), |and voltage
surge, shall{[comply with all of the applicable tests in Arc Fault Detection Tests, Section 29, while operating
in ambient air at 25°C)(¥7°F). The same representative device shall also respond to the prgsence of an
arcing fault|when_subjected to a repeated Series Connection Arc Test, while in ambient|air at 65° C
(149°F), -3%°C (=31°F), and 25°C (77°F) by following the sequence shown in Table 28.1.
Exception: Whtere ttie termperatures Specifiedexceed or fait-befow e manufacturer s rated operating

temperature, the device shall be tested at its specified operating temperature limit.

Table 28.1
Environmental test sequence for arc fault detection tests

Ambient

air temperature® Operating parameters Remarks

25.0 £5.0°C
(77.0 £9.0°F)

No voltage applied
exposure. Do not test.

Establish thermal equilibrium with at least two hours of

Table 28.1 Continued on Next Page



https://ulnorm.com/api/?name=UL 1699B 2021.pdf

24 UL 1699B MAY 18, 2021
Table 28.1 Continued
Ambient air temperature? Operating parameters Remarks

2. 25.0 £2.0°C Rated voltage Test per 29.1 as soon as possible to minimize self-
(77.0 +3.6°F) heating.

3.b 65.0 £2.0°C Rated voltage and current Establish thermal equilibrium with at least two hours of
(149.0 43 6°F) exposure. Do not test.

4> 65.0 £2.0°C Rated voltage Test per 29.1.
(149.0 £3.6°F)

5.° 40.0 £2.0°C Rated voltage and current Establish thermal equilibrium with at least two hours of
(104]0 £3.6°F) exposure. Do not test.

6. 40.0[+2.0°C Rated voltage Test per 29.1.
(104]0 £3.6°F)

7. 25.0[t5.0°C No voltage applied Establish thermal equilibrium with at least two hours of
(7.0 £9.0°F) exposure. Do not test.

8. -35.0+2.0°C No voltage applied Establish thermal equilibrium with at least two hours of
(-31|:3.6°F) exposure. Do not\test.

94 -35.0 +2.0°C Rated voltage Tests per 29.1'as soon as possible to minimige self-
(-31|+3.6°F) heating

10. 25.0[£5.0°C Rated voltage and current Establish thermal equilibrium with at least two hours of
(77.4 £9.0°F) exposure. Do not test.

1. 25.0|x5.0°C Rated voltage Test per 29.1.
(77.9 £9.0°F)

2 The ambient

rooftops, the d
such that it trip
continues to oy

®This test is ng

extreme.

b For devices specified for use in higher ambient air congditions, such as devices for mounting directly to some module
bvice shall be tested at the maximum specified temperature extreme. In the event that a device is self-g
5 or functions at this ambient temperature, lower values of load current are to be employed, until the de]

erate, if possible.

hir temperature is to be changed to each value'shown without intentional delay.

t to be performed if steps 3 and4 have been performed employing rated current.

9 For devices specified for use in loweranibient air conditions, the device shall be tested at the minimum specified tenpperature

5 or some
rotecting
ice just

28.2 Befor
be studied t
another posi
while the de

a mounting

b starting the:test sequence in Table 28.1, the mounting position of the device ung
o determine whether there is one position that is more adverse to correct op
tion. Jhis study is to be made by introducing faults or by injecting signals that sin
|ce |s placed in d|fferent positions. The mountlng posmon of a device that is marke

er test shall
eration than
hulate faults

d to specify
jrees in any

direction. A representative device 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 28.1 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.

28.3 All tests in step 1 of Table 24.1 shall be performed at 25°C ambient. For all other temperatures
(steps) in the environmental sequence, it is permissible to choose only that test condition from Table 29.2
that dissipated the most arcing energy before the AFCI tripped at ambient temperature.
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29 Arc Fault Detection Tests
29.1 General

29.1.1 The use cases described in Table 29.1 shall be identified and the DUT shall be tested per each
use case as applicable. See Figure 29.2 — Figure 29.8A for typical examples of the use cases described in
Table 29.1. The test set-ups shall use the component values shown in Table 29.3. Sections 29.2 — 29.7
include circuit requirements for the use cases. Figure 29.1 includes a legend applicable to all of the
Figures in this Section and Unwanted Tripping Tests, Section 30.

Table-29-1

Use cases
Use cases Description Figure No.
1 DUT within the Inverter Figure 29.2, Figure 29.3, Figure 29.8A
2 DUT embedded in Combiner Figure 29.4
Box
External DUT Figure 29.2, Figure 29.3, or kigure 29.4 as appropriate
4 DC-DC converter based Figure 29.5, Figure 29.6
systems
5 DUT within the Inverter with Figure 29.4
integrated combiner box
Figure 291
Legend

8 (.

Invertef DC-To-DC Arc Switch
PV Converter Generator

Module

su2818
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Figure 29.2
One string, one MPPT

su2819

Near
Inverter
Loot----- — — (L go{_
on
Middle of String Rur? \ \
~——1901—
Figure 29.3
Two strings combined, one MPPT
Near
Inverter
————— - —{({—po{L
on
Middle of String Rur? \ \
—~— 100 ~
|_ _____ —|

su2820
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Figure 29.4
Combiner
Combiner
Near
Combiner 1
I_I _____ | l FF @_ :
I
Middle of String Lpg?r? \ \ l
7—~—1{o ol :
l
]
I
]
i
I
! A
] \ \Long
] Run
I ~
Start of : )/
| . T | String rr
Long !
Run :
72 :
su2821
Figure 29.5
DC-DC converter
|Jo'| Middle
|§|:| of String
- - = Start of
_ —_ — | String Near
= = —_— Inverter
I I ] I oo— _
N of String  Middle of String LF;?E \ \

su2822
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Figure 29.6

DC-DC converter with two module input

Qo4
VU= OLIIII\.

- - - Start of ]
— = — | String Negr
- Inverter
I | L | gy _
B Long =
End of String Run
su2823

Figure 29.7

Microinverter with single module
Figure deleted

Figure 29.8

Microinverter with two modules
Figure deleted
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Figure 29.8A

Electronic device with one or two modules

X<
{ooH

—oSH

1. Single Module 2. Two Modules 3. Two Modules 4. Two Modules
Connected to Two MPPT Connected in Parallel Connected in Series

su3929

NOTES:

1. The arc loc4
AFCI to detect
included in the

2. If multiple cq

2912 An
the following

a) R
exce

b) R
exce

c) Rq
750

tions shown in Figure 29.2 — Figure 29.8A are considered\to be the worst case locations to verify t
an arc. This should be confirmed, and if a different worst case location in the circuit can be identified, i
test sequence.

nfigurations are possible, refer to 29.1.3(c) exception:

arc-fault circuit-interrupter shall becapable of detecting or interrupting arcing as
) and illustrated in Figure 29.9:

ed 200 J;
ed 750 J; and

bgion C: For-any test, arcing time equal to or greater than 2.5 seconds, or energy
J, the device is considered non-compliant with the standard.

egion A: For all tests, disrupt arcing event in less than 2.5 seconds, and limit &

egion B: For all tests, disrupt arcing event in less than 2.5 seconds, and limit &

he ability of the
should also be

described in

nergy not to

nergy not to

greater than
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Figure 29.9

Arc energy regions

Region C

2.5s

Region B

0s

0J
su2826a

29.1.3 The

a) An
test.

copp
shall

appa
to be
rate t

b) W
supp

750 J

series connection arcing test shall be conducted as follows:

arc generator, similar to_that'described in Figure 29.10 or Figure 29.11 shall be
For this apparatus, the electrodes, one movable and one stationary, shall be co

be made of cylindrical copper rods with 6.35 mm (1/4 inch) diameter. Whe
ratus as described’in Figure 29.11, tungsten alloy shall be used for the electrode
hin with the.electrodes in contact with each other (shorted) and then separated at
b the specified gap, as defined in Table 29.2.

hen the intended application consists of more than one module, the use of
ies\or solar array/PV simulators is to allow the insertion of the arc gap in the n

ised for this
nstructed of

br or tungsten alloy. When using an apparatus as described in Figure 29.10, the electrodes

n using an
5. The test is
a controlled

more power
iddle of the

“strin

:j.”

| — L 1 1 =W H 1 i) H e (H ol Jo.
Each—power—suppty or—sotar—array/PV—simutator—shat-be—=adjusted—tothe—same voltage

(within 10 percent), and the total supply voltage shall be within 10 percent of the rated voltage of
the DUT.

¢) The arc generator shall be placed one at a time in each position in the applicable figures. Each
test condition defined in Table 29.2 shall be repeated 3 times. Each test must be performed 3 times
at each of the two values of C4 (total of 6 tests at each arc location.) Testing the middle of the string

locati

on is mandatory.

Exception: If agreeable to all concerned parties and the most adverse condition is determined, the
testing at the other positions is not required.

NOTE: Procedure for determining the “most adverse condition” parameters: Five measurements at each position are
recorded. The most adverse condition shall be the arc location and C4 value resulting in the highest average trip time.


https://ulnorm.com/api/?name=UL 1699B 2021.pdf

MAY 18, 2021

UL 1699B

31

d) The voltage across the arc gap, arc time, and the current thru the arc shall be measured and
recorded. These measurements are then used to calculate total energy generated in the arc prior
to tripping.

e) The total arcing time before the device under test detects or interrupts arcing shall not exceed
the lesser of the following:

1) 2.5 seconds of continuous arc power emission; or

2) In seconds, calculated by dividing 750 (Joules) by the product of the measured arcing

current (amps) times the measured arcing voltage (volts).

Statig

Electiode

il FH AL 4 LL i ool £, I} H / D\ / abier AL Lo 4
LACCLOUOUIT INU. T, 1T a urfiit 1o 1atcUu 1ur - uriiy o Siriygirc 1-v olrirty PJcr Ar-Ul, 1T 1T

Table 29.2 are not required. A unit shall not be tested outside of its current ratin

Exception No. 2: If voltage or current of one or more test cases described in |
outside the rated range of operation of the DUT, the point(s) of operation may |
agreed upon by all concerned parties. A unit shall not be tested’outside of i
current ratings. If the maximum rated voltage of the DUT is less’than the vall
Table 29.2, V¢ shall be replaced by the maximum rated voltage of the DUT, a

be replaced by 0.65 times the maximum rated voltage.

Figure 29.10

Arc generator.

nary Moving
Electrode

—

Insulating /
Ea—

Clamps Sliding

Block !

Fixed Base

L

ts at 16A in
S.

Table 29.2 is
be altered as
(s voltage or
e for Voc in
nd V. shall

Lateral
| Adjustment

su0897a

NOTE: For this apparatus, the electrodes, one moveable and one stationary, are made of solid copper, 6.35 mm (1/4 inch) diameter.
The electrode mating surfaces shall be parallel, flat, and vertical.
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Figure 29.11
Ball and ring
Lateral e
Adjustment
Moving !
Ball A

Stationary
Qo™
4% 905 3048 \$\
4x @ 2.54 THRU
L1d4.57 T1.91 \
R Insulating
. Clamps
N\
@ 19.05 N
A= R127—  |[R33 203
 — — — T 5.08
A <] SECTIONAA | | }
2@ 9.65
@ 4.57 THRU
B=
172
R127 B = SECTION B-B
su2827b
NOTE 1: When using this apparatus, tungsten alloy shall be used for the electrodes.
NOTE 2: All dimensions are shown in mm.
mm 1.27 1.91 2.03 2.54 3.3 4.57 5.08 9.65 12.7 30.48

(inch) (0.05)  (0.075)  (0.08) (0.1) (0.13) (0.18) (0.20) (0.38) (0.5) (1.2)
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Table 29.2
Arcing test conditions

Test no. Minimum I, Impp (A) Sep. rate Vmpp (V)° Voc (V)° Reot(0hms)® Gap (mm)
(A)? (mml/s)
25 3.0 25 312.0 480.0 56.0 0.8
2 7.0 8.0 5.0 318.0 490.0 21.0 0.8
3° 14.0 16.0 5.0 318.0 490.0 11.0 1.1
4 7.0 8.5 5.0 607.0 810.0 24.0 25
Single module
5 25 3.0 2.5 31.2 48.0 5.6 0.8
6 7.0 8.0 5.0 31.8 49.0 2.1 0.8
2 lare Values ir] Table 29.2 are representative of realistic arc events with one or two strings at full and low irradjance: Ifis expected
that the AFCl|shall meet compliance criteria below at intermediate current levels also.

® These valuds are approximate.

¢ Required fo

arcs in series with two parallel strings.

Table 29.3
Component values for arc-fault test circuits

Representing 80 meters of total conductor length, including PV module wiring for 10 modules in a
string

Designator Full string Half string Parallelstring? Single module Details

C1 Minimum 20 uR C1 shall be
specifled to
dominpte the output
capacitance of the
DC source

C2,C3 22 nF

C4 150 nF and 10 uF 300 nF and'20 uF 150 nF * (n-1) and 1.5 uF and 100 uF See Npte 3

10 uF * (n-1)

C5, C6 1nF 500 pF 1nF *(n-1) 100 pF

L1 12 mH Comnjon mode —
minimpl DC flux.

L2,L3 Minimum 60 uH See Note 7.

L4, L5 50 uH +0.7uH per 25 uH 50 uH/ (n-1) 2 uH +0.7 uH per See Note 7.

meter above 80 meter
meters

R1, R2 Use Formula 1 to calculate value

R3, R4 Max 1Q ! Max 050Q

R5, R6 10 mQ / meter

L6, L7 0.7 uH / meter See Notes 6 and 7.

Note 1: The “n” in the parallel string column is the total number of strings, including the string under test.

Note 2: The “Parallel String Value” column is the resulting value of each component when a single network is used to simulate

multiple parallel strings.

Note 3: Two values are shown for C4. Depending on the detection method used in the DUT, one of these values may represent the
worst case condition. If agreeable to all concerned, testing may be reduced to only one of these values if it can be determined
which value represents the worst case. Procedure for determining the worst case condition: Five measurements at each of the two
C4 capacitor values are recorded. The worst case condition shall be the capacitor value resulting in the highest average trip time.

Note 4: Where a DUT comprises several identical AFCI sensors or inputs, only one representative sensor or input must be tested.

Table 29.3 Continued on Next Page
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Table 29.3 Continued
Designator Full string Half string Parallel string’? Single module Details

ratings of DUT

Note 5: Calculations resulting in floating point numbers for component values shall be rounded up to the next commercially
available component value.

Note 6: Refer to 24.4 for selecting component values when using a solar array/PV simulator.

Note 7: Shall be air core or constructed to avoid saturation. Different values determined by operating limitations and appropriate

may be used if agreeable to all concerned.

Formula 1: R1 = R2 = Rtot / (2*k) — R3 with k being the number of decoupling networks used in the setup for one string and Rtot
taken from Table 29.2. For a string composed of two half strings, k=2, for a single full string k=1.

The Line Impedance network simulates the high frequency behavior of the module. The DC behavior is simulated by the

decoupling ne|

*|_limit shall j

WOrK. Resistors shall be sized within T0% Of the value calculated according 1o the tormula T.

e the current limit of the DC source

29.1.4 Eaqg
devices that
each arc, us
method” by ¢

29.1.5 Acq

a) EX
arcin

b) Mg

29.1.6 Aftg
operation. T

29.1.7 The

Exception: |
tests, then a

29.1.8 Afte
and shall r
annunciation
52.2.

h test (arc gap and current combination) from Table 29.2 shall beepeated fi
have automatic reset and three times for devices that have a manual reset after
ng most adverse condition parameters determined per 29.1.3(c)\Note or for the
onducting arc tests at all arc locations and all C4 values.

mpliant device shall:

tinguish the arc before 750J of dissipated arc energy/is exceeded, or before 2.5
j have elapsed, whichever occurs first; and

et the standby current requirement of 14.2.

br each arc is extinguished, the DUT-shall delay no less than 5 minutes befo
he 5 minute delay is not required after'a manual reset.

DUT shall annunciate that anarc has been detected.

[ the equipment can extinguish the arc before exceeding Region A (see Figure
hnunciation is not required.

r 5 arc events in.a 24 hour period in Region B (see Figure 29.9), the DUT shall opq
bquire a manual reset before returning to operation. Once manual reset
shall oecdr and that annunciation shall be reset as specified in 22.1 and 22.2

e times for
detection of
“brute force

seconds of

e resuming

29.9) for all

n the circuit
s required,
or 52.1 and

[ the equipment can extinguish the arc before exceeding Region A (see Figure

29.9) for all

Exception: |

tests, then manual reset is not required.

29.1.9 As an alternative to 29.1.7, a DUT may require manual reset after every arc event in Region B.

29.1.10 A device fails the test if for any test, for energy or time, it reaches Region C (see Figure 29.9).

29.1.11

Inductances shall be characterized over a frequency range of 10kHz to 300kHz. Inductance

reference value is measured at 10kHz at the maximum specified test current and shall not decrease more

than 40 perc

ent at 300kHz. The nominal component value shall be +£10 percent.

I 29.1.12 Capacitor and resistor values shall be +10 percent.
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29.2 One string, one MPPT

Ac
Side

29.2.1 Test setup for one string, one MPPT shall be as shown in Figure 29.12.
Figure 29.12
Arc-fault circuit, one string, one MPPT
First Half of String Half String Model Start of String
N ( L2 Ri (" L4 R3) ] (" DcsSide
DC ; TC1 W TC4 R O) L DUT
Sl i T ™° 15 R T L5 R4 A fj DUT |
—o - AN .
|/ _TQZ__C3 _k5_£6 \.
Inverter
— K=2 — Half String
\ \_ Y,
Decoupling Module and Line
Network Impedance o
o
Middle of Stfing
Second|Half of String Half String Model
( L2 R (" ’*I‘ﬁ‘—'\?\?\,\
oc I To Tl " [Te
Source ~ol!
i T 13 R2 L5 R4
*—@ @ fvvv'\_l\/\/\,_
v, _ng_ |Cc3 _ks_ | C6 @
End of String
= K=2 = Half String
\ \ Y,

su2828

NOTE: Compo|

hent values are shownin Table 29.3.
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29.3 Two strings combined, one MPPT

29.3.1

Test setup for two strings combined, one MPPT shall be as shown in Figure 29.13.

29.3.2 The current in the parallel string shall be adjusted to that maximum value within the ratings of the
DUT, at which the currents specified in Table 29.2 can be adjusted for the test string.

Arc-fault circuit, two string, one MPPT

Figure 29.13

First Half pf String Half String Model Start of String
N (. e Rt [ w (O C\ Dc Side
oc T Ter JLL T (e Q93 |Ey mm—
Source ) T el R T 5 R4 m Side
] o—o Ps AN 0vO
ez les es Lo X,
End of String Inverter
= K=2 — Half String
\ J _J
Decoupling Module and Line
Network Impedance o)
(0]
Middle of Stting
Second Half of String Half String Mode)
N ( 2 Rt Y [ 4" R3 )
oc T [Jo Tl T e
— L1
SEIED T ® 13 R T L5 R4
. —9 o A,
_kz_ |C3 _Tgs_ | C6
E =2 = Half String
N\ J _J
Full String Model
( 2 rRt ) ( 4 R3)
Yer Tk | (oo T
o —al! -
l | LS RZ l Lo R4
*—o 9 rvvv-\_/\/\/\,
_TQZ__C3 ks_ | C6
E K=1 = Full String
. J J

su2829a

NOTE: Component values are shown in Table 29.3.
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29.4 Combiner box
29.4.1 Test setup for a combiner box shall be as shown in Figure 29.14.

29.4.2 The current in the parallel string shall be adjusted to that maximum value within the ratings of the
DUT, at which the currents specified in Table 29.2 can be adjusted for the test string.

Figure 29.14

Arc-fault circuit, combiner box/multiple strings

First String,
First Half Half String Model Start of String
) 2 rt Y [ 14 R3) o ( Dcn \
oc T L Tk e T : .
Solics ; T ™9 13 R T 15 R4 : Out
v g AN
c2_|c3 _Igs_ lce
E K=2 E Half String N % o ) |, posice
~ 7 ~ BUT ¥ rpuT |l A
Decoupling Module and Line - L7 Ré _ Side
Network Impedance P AW
& |\
Middle of String Line Impedance Inverter
First String,
Second Half Half String Model
) 2 rt Y [ 4 R3) ol
oc e Tl e T ' 0.
Source i T ey o T 5 R B Out
\- T’y A AANH
c2_|c3 _L:s_ |ce \ )

End of String Combiner

e K=2 = Half String

J .

Additional Parallel $tring(s) Parallel String Model
) 12 R ) 14 R3)

-
DC g _I_C1 Wv _T_C4 —WA
clc=ig T ™°® 13 Rr2 T L5 R4

oA
ez lcs ¥ los les y

H

= K=1 = Parallel String
J J

su2830a

| noTES:
I 1. Component values are shown in Table 29.3.

2. If the combiner box is integrated in the inverter, R5, R6, L6 and L7 of the line impedance between combiner box and inverter are
not required.
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29.5 External AFCI

29.5.1

general, the arc locations shall be as shown in Figure 29.2.

29.6 DC-DC converter systems

29.6.1

29.6.2

Test setup for a DC-DC converter system shall be as shown in Figure 29.15.

Test setup for an external AFCI is to reflect the intended installation location of the DUT. In

If more than one PV module can be placed in series on the DC-DC converter input, the points

shown in Figure 29.16 shall be tested. The “Middle of String” arc detection test shall only be conducted if

exposed wirij

Figure 29.15

Arc-fault circuit, DC-DC converter

ng exists between the module and the DC-DC converter.

First Single Mddule Single Module Model Start of String
) 2 Rt Y ( 4 R3Y ( Dcibc ) ( \ ( L6 RS N | Dbecside
DC _LC ; VWA _L A ® in | out O O :—’"“—’\N‘v n
+ \ ,
Source =0 o DUT DUT |} Ac
_ [T 13 R2 T 15 R4 _ 7 Re B Side
VWA PS A AN A AAN—-
Je2 Jes s Lo \ ) _ J [
DC-to-DC Line Impedance Inverter
Converter
= K=1 —  Single Module
AN J
Decoupling Module and Line
Network Impedance
Middle
n/2, Middle Singld Module Single Module Model of String
) 2 Rt Y ([ 14 R3) ( Dcibc )
DC S _LC ; VWA _L N —AANA [—=e in | out
c4
Source el DUT
Al 0% 1 U ¢
Lz_ lc3 _Tgs_ 106, \ )
= K=1 —* Single Module
J S\ J
n™ Last Single Yodule Single Module Model
N 2 Rt Y ( 4 R3Y ( Dclibc )
oG . _Lc1 WA _L PENIYVY in | out
o C4
Source ~ell DUT
AW a0 1 U . (o0)
= 1 L=V 1
End
of String
L = K=1 ) S = Single Module )

su2831

NOTE: Component values are shown in Table 29.3.
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Figure 29.16
Arc-fault circuit, DC-DC converter with two module input
e L
Sub-String
= = = Start of
= = — | String Near
- - - Inverter
o | | [ | l_'ELon Ja'e n
End of String Rur? \ \
5u2832 S/
| 29.7 Electronic devices
29.7.1 Test setup for electronic devices shall be as shown in{ Bigure 29.17A.1 — Figure 2P.17A.4. For
each module connected to the electronic device, a separate power supply or solar array/PV simulator shall
be used. The power source shall be connected to a decoupling network and line impedance model. The
model component values may be altered based on conditions specified in 24.4.
| Figure 29.17
Arc-fault circuit, microinverter with single module
Figure deleted
1
Figure 29.17A 1
Arc-fault circuit, electronic device with single module
Single Module
_“ (C ) L Rt ) [ "“L'i*—'\?é\: O\ (" Delside
o8 w7 Let W e ' Ij OT || Ac
ource T e s R T L5 R4 ) Side
P — T T~~~ AN oo ~~AAN O O °
_ng_ 1c3 _Tgs_ | C6 \ ) \
Inverter
— K=1 —  Single Module
\_ J U J
Decoupling Module and Line
Network Impedance

su2833

NOTE: Component values are shown in Table 29.3.
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Figure 29.17A.2
Arc-fault circuit, electronic device connected to two MPPT
Single Module
N ( 2 RrRt Y ([ M\ (O O\ (" DcSide )
oo | [Jor Ll T e CI T
Source T e 13 R2 T L5 R4 ( oo | .
o—o Py fwvx_/\/\/\l @
ez [es es_|cs ) = o
== e Side
) I (0o | .
k O CJ "
= K= ———Singteodute S—
\_ J J o T o
Decoupling Module and Line ) QL J
Network Impedance Inverter
Single Module
(" 2 Rt Y ( L4 R3)
oc [ Lo TLL. | [Jes
Source T e 13 R2 T L5 R4
*—& 7'y fwvx_/\/\/\l
) ez |cs cs [cs
E K=1 — % Single Module
\_ J J
su3934
NOTES:
1. Component alues are shown in Table 29.3;
2. Where a DUT comprises several identical ‘AFCl sensors or inputs, only one representative sensor or input must be tésted.
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Figure 29.17A.3
Arc-fault circuit, electronic device connected to two modules in parallel
Single Module
N ( L2 Rt Y ( L4 R3) ] (" DcSide
. o LMJ_NM_I\M ’ A o
DC K _T_C1 e L1 _T_C4 DUT Ac
T * 13 R T L5 R4 ( \ Side
*—o *—o T —AANA O O O
ez [es es | cs ) U
Inverter
— K=1 — Qingln Module.
\ J U Y,
Decoupling Module and Line
Network Impedance
Single Module
e 2 r ) m\
oc [ [Lev JLL. [ e
Source e 13 R2 L5 R4
T @ T 9 fvwx_l\/\/\’
) _ng _|c3 _Tgs _|ce
E K=1 — Singlé Module
\ J U Y,

su3935

NOTE: Compohent values are shown in Table 29.3.
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Figure 29.17A.4

Arc-fault circuit, electronic device connected to two modules in series

Single Module Start of String
N ( 12 Ri ( 14 R3 ) ) (" DcSide
oc +| [Lot [Le s ;
———gL1 DUT
Source T * 13 R T L5 R4 .
S . AP AAN .
_ng_ |C3 _TQS__CG — |
) ) Inverter
— K=1 —  Single Module
. . Y,
Decoupling Module and Line
Network Impedance
8
(o)
Middle of String
Single Module
N ( L2 Ri ( 4 R3)
fwv\_IVV\’

E )

Source T ® 13 R2 T L5¢ R4
oo —e O AAAA
v, LZ _IcC3 _TQS _15C6
E K=1 —  Single Module
. \ J

oo

End of String

su3936

NOTE: Comporjent values are shown in Table(29:3.

Ac
Side
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Figure 29.18

Arc-fault circuit, microinverter with two modules
Figure deleted
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30 Unwanted Tripping Tests

30.1 General

30.1.1 A representative device shall be tested in accordance with Figure 30.1 — Figure 30.5A.4, using
the values in Table 30.1 and the legend in Figure 29.1. The device shall not trip after being tested under
each of the loading and sourcing conditions as described in this Section. When tripping occurs, an
additional five representative devices of the rating under test shall be tested and shall not trip.

30.2 Loading condition | — Inverters, converters, and charge controllers

30.2.1 Loaging condition | shall consist of one of the following load devices:
a) A single-phase inverter;
b) A three-phase inverter;

c) A gonverter;

d) A ¢harge controller.

30.2.2 Thel DUT shall be installed 0.6 m (2.0 ft) from the load devi¢e. With a PV power sour¢e operating
at rated power and when agreed upon by all concerned parties,.with one MPP-voltage from Table 29.2
representatiye of the unit under test, the load device shall be.turned on for five minutes minirnum and off
for five minufes minimum. This sequence shall be repeated:for a total of three operations.

30.2.3 The|DUT shall NOT indicate an arc fault.

Table 30.1
Component values.for unwanted tripping test circuits
Designatof Full string l Parallel string2 Single module Comments

C1 Minimum 20 uF C1 shall be $pecified to
dominate th¢ output
capacitanceof the DC
source

C2,C3 22 nF

C4 150'nkand 10 uF 150 nF *nand 10uF *n | 1.5uF and 100 uF

C5, C6 (480 nF * Inverter Power | (180 nF * Inverter Power | (180 pF * Inverter Power | See Note 3

in kW) / (2n) in kW) * (n-1) / (2n) inW) /2

L1 42 Commen-mode — minimal
DC flux.

L2,L3 Minimum 60 uH See Note 6.

L4, L5 1uH TuH/n | 2 uH + 0.7 uH per meter | See Note 6.

R1, R2 Use Formula 1 to calculate value

R3, R4 Max. 1 Q [ Max. 0.5 0

R5, R6 10 mQ / meter

L6, L7 0.7 uH / meter See Notes 5 and 6.

Note 1: The “n” represents the total number of strings, including the Full and the Parallel string.

Note 2: The “Parallel String Value” column is the resulting value of each component when a single network is used to simulate

multiple parallel strings.

Table 30.1 Continued on Next Page
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Table 30.1 Continued
Designator Full string Parallel string'2 Single module Comments

Note 3: If the manufacturer specifies a total maximum common mode capacitance Cmax, then the following formulae may be used:

C5 = C6 = Cmax/ (2*n) for the full string; and C5 = C6 = (Cmax/2) * (1 — (1 / n)) for the parallel string.

Note 4: Calculations resulting in floating point numbers for component values shall be rounded up to the next commercially

available component value.

Note 5: Refer to 24.4 for selecting component values when using a solar array/PV simulator.

Note 6: Shall be air core or constructed to avoid saturation. Different values determined by operating limitations and appropriate
ratings of DUT may be used if agreeable to all concerned.

Formula 1: R1 =R2 = [Rtot - k*(R3 + R4)] / (2*k) with k being the number of decoupling or PV-networks used in the setup for one

string and Rt

taken trom Iable Z9.2.

Figure 30.1

Unwanted tripping circuit, one string, one MPPT

Full String Model

N . L2 R M“ ( ..\ (" [pecside
DC n _LC1 w _LC4 | +i DUT Ac
Source | T e '3 R —J._ L5 R4 ./'/ ) Side
~—e * N ®- *
) _ng c3 Jgs Cc6 k J \_
Inverter

su2835

NOTES:

1. The disconr|
ungrounded D

2. Component

— Full String

Decoupling
Network

Module and Line

Impedance

ect switch is_shown in both the + and the - DC lead. For grounded systems, a switch pole is only|

C lead.
values are.shown in Table 30.1.

required in the
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Figure 30.2

Unwanted tripping circuit, two strings combined, one MPPT

Full String Model

N ( . L2 Rf (" i L4 R3) ( : ] (" DcSide
S I I 1 W e I R
Source ol DUT || Ac
T . * 3 R —J__ . m .,'/ - Side
- _ng c3 :Tgs _|cs L ) S -
J Inverter

Ir\—AI :_: FU‘H Ollilly
\_ \_ J
Decoupling Module and Line
Network Impedance
Full String Model
(" L2 R (- ”Ei—'\/R\i\,\
oc 7 [To UL "1 Ta
Source —_U1

su2836

I noTES:

1. The disconn
ungrounded D(

I 2. Component V

=

K=1

T R L5 R4
LS __Ce’w“—’\N\

— Full String

lead.

alues are shown in Table 80.1.

pct switch is shown in both thes#.and the - DC lead. For grounded systems, a switch pole is only fequired in the
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Figure 30.3
Unwanted tripping circuit, combiner
Full String Model
N\ 2 rt Y [ 14 R3) (" Dch )
oc YT [ Toi w T n .
Source) ; T ™° 13 R2 T L5 R4 } out
% > AN
_ng_ga _Igs__ce
= K=1 = Full String :{I( :.MV ( Dpeside
" J \ J DUT : * Ny
Decoupling Module and Line e - L7 R6 _ Side
Netwaork Imnedance @ —— AW
—/ N _
Line Impedance Inverter
Additional Pafallel String(s) Parallel String Model
N\ 2 Rt Y [ 14 R3) Dcn
DC + _Lc1 L_MJ._"M_’\N\V _LC4 ! + Dc
S T ™' R T L5 R4 Out
% > AN .
_ng_gs _kﬁ__ce \ )
Combiner
= K=1 —  Parallel String
\ J U J
su2837b

NOTES:

1. The disconi
ungrounded D

3. If the combiper box is integrated in the inverter, R5, R6;L6 and L7 of the line impedance between combiner box

|
| 2. Component

not required.

C lead.

alues are shown in Table 30.1.

ect switch is shown in both the + and the - DC lead.*For grounded systems, a switch pole is only|

required in the

hnd inverter are
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Figure 30.4

Unwanted tripping circuit, DC-DC converter

First Single Module Single Module Model Start of String
N\ ( L2 R N\ ( L4 53) ( ocioc ) ( L6 R5 N ( DcSide
V ® i t —eo—— " AAA
e e Tk T T T e : |
Sollce T et R T 15 R4 . L7 Re Side
® WA ° A AN A ANN—e -
Je2 Jes s Lo \ ) _ J U
DC-to-DC Line Impedance Inverter
Converter
= K=1 —  Single Module
. AN J/
Decoupling Module and Line
Network Impedance

n/2, Middle Singlg

Module Single Module Model

~

4 rR3) ( bcioc )

A AAA out

~
DC S _T_C ; LAJ;"“—‘\N\ _I_C " WV D-UTiﬂ
S [T M™® 18 R T R 15 R4

A AAA

WA VW
ez o3 es_[cs — !
E K=1 —  Single Module
/L J
n®, Last Single Module Single Module Model
N 2 R Nl:i_ﬁa"\ ( ocioc =)
Ar V- in | out
DC  + [[c1 LMJ._’M‘_A - _LC4 - DUT
—_ L1
Source i T ° 13 R T L5 R4
VWA o A AN o—]
ez les es_[os =l
}‘I‘ End of String
= K=1 = Single Module,
J 0 v
su2838

NOTE: Comporf

ent values are shown in Table 80.1.
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Figure 30.5

Unwanted tripping circuit, DC-DC converter, two module input

| I | I | [
Sub-String
- - - Start of
= = — | String Nepr
= - - Inverter
I | L | el _
Long -
Eind of String Run \ \
JJ

su2839

NOTE: The DT can be located in the DC-DC converter, the inverter,erboth. See Figure 30.4 for details.

Figure 30.5A.1

Unwanted tripping circuit, electronic device with single module

Single Module
N ( 2 rt Y [ Dc Side
oc | [de\ Tkl ] e * o]
Source _ T ™e® 13 R2 T Side
Tz les Jos |c (
Inverter
— K=1 —  Single Module
N\ J
Decoupling Module and Line
Network Impedance

suB930

NOTES:
1. The disconnect switch is shown in both the + and the - DC lead. For grounded systems, a switch pole is only required in the
ungrounded DC lead.

2. Component values are shown in Table 30.1.
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Figure 30.5A.2
Unwanted tripping circuit, electronic device connected to two MPPT
Single Module
N ( L2 Ri ( M“ (./.\ ( DcSide )
oo e Lk [T oy B
ource —C N
13 R2 L5 R4
i B IP IC % ol |-
ez [es es Lcs __ s
T R Side
I_T I oo .
— K=t =  SimteModute S
= - R\
N N Y, ' oo p
Decoupling Module and Line ) \ )
Network Impedance Inverter
Single Module
( L2 R ( m
oc T Te TLL T e
Source ~—ol!

su3931

NOTES:
1. The disconn

K=1

g

— % Sihgle Module

J

ungrounded D( lead.

2. Component alues are shown in Table 80.1"

pct switch is shown in both the.%and the - DC lead. For grounded systems, a switch pole is only

required in the
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Figure 30.5A.3
Unwanted tripping circuit, electronic device connected to two modules in parallel
Single Module
N\ L2 Ri ( 4 R3) Y ( DcSide
. * W A A °C .
DC i _T_C1 = L1 L“ —/ DUT Ac

Source T * 13 R T L5 R4 ( \ Side

9 * AN °C .

eo les es Lce ) L
) Inverter

PO PR
— Smgreiviouure

N\ g J

Decoupling Module and Line

Network Impedance
Single Module
N\ [ 2 R e M\
oc [ (Lo WL T e

Source m™°® 13 R2 L5 RM

—f @ T ' rvvv'\_l\/\/\’
v, _ng_ga ks_ Cé

= K=1 — . {Single Module

\_ N\ J

su3932

NOTES:

1. The disconif
ungrounded D

2. Component

C lead.

alues are shown in Table'80.1.

ect switch is shown in both thes+.and the - DC lead. For grounded systems, a switch pole is onlyj]

required in the
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Figure 30.5A.4

Unwanted tripping circuit, electronic device connected to two modules in series

Single Module Start of String
N ( L2 Ri ( L4 R3 ) ] (" DcSide
. ’ LMJ—M'“—«/W e 070 .
DC v Lﬂ e lC4 + Ac
— L1 DUT )
Source T 3 R T L5 R4 i Side
*—©@ Y Nm_/\/v\l °
_ng _lcs kS _1C6 —
. J Inverter
— K=1 —  Single Module
\_ \_ _J
Decoupling Module and Line
Network Impedance
N
Middle of String
Single Module
N ( L2 Rt (" w
d .
oc 1| [ Lo Tl T [
Source Me® 13 R2 L5/ R4
T 1 T 1 W_I\/V\,_
v, Lz _|c3 _Tgs_ £G6
End of String
= K=1 ~—  Single Module
1\ \& J
su3933
NOTES:

1. The disconn
ungrounded DQ

2. Component

lead.

alues are shown in Table 30.1.

bct switch is shown in both the + and the - DC lead. For grounded systems, a switch pole is only fequired in the
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30.3 Loading condition Il - DC switch operation

30.3.1 The DUT shall be installed in a test circuit with a PV power source and an inverter, converter, or
charge controller. A disconnect switch external to the inverter shall be installed two feet from the device
under test. With the PV power source set up to supply the rated power of the device under test, the
disconnect switch shall be operated “on” and then after the inverter has been exporting power for 30
seconds, moved to the “off” position. This sequence shall be repeated three times, with five minutes “off”
time between each sequence.

30.3.2 The DUT shall NOT indicate an arc fault.

30.4 Loading condition ll—Irradiance step changes

30.4.1 The DUT shall be installed in a test circuit with a PV power source and an inverter|as shown in
Figure 30.6A and Figure 30.6B. A mechanical disconnect switch shall be installed’on ‘one half of the PV
strings connected to the inverter. With the PV power source operating in a manner to supply the rated
power of thie device under test, the disconnect switch attached to half the RV-source circuits shall be
operated “on” and then after 30 seconds, “off’. This sequence shall be repeated three times, with five
minutes “off| time between each sequence. If a single power source is used\this test must be performed by
rapidly decreasing the supplied current to at least %2 of the test current in less than 5 seconds. After 30
seconds retlrn to full initial current in less than 5 seconds. If using.a module or array this may|be achieved
with a coverover the array or module. See Figure 30.1.

30.4.2 The DUT shall NOT indicate an arc fault.

Figure 30.6A

Arc-fault integrated inverter

Full String Model

N 2R [ m o (" Dchide
oc | ¥ [ Ja TLb O 1w : ~
—~all guT Ac
Source ~ T N5 R T L5 R4 _I: Side
i - .cz_ga _Tgs__cs’MUW\I \ *
|/
Inyerter
— K=1 — Full String
1 ¢ . J
Decoupling Module and Line
Network Impedance
Full String Model
)\ ( L2 R1 ( m\
oc I Te Tl T e
— L1
SRl T * 13 R2 1 L5 R4
*—9 PS A AAA
ng_ c3 _Tgs _lcs

su2836a

= K=1

— Full String
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Figure 30.6B
Arc-fault combiner box
Parallel String Model
N\ ([ 2 Rt Y [ 14 R3 ( D In \
oc YT To L~ ™1 1= M ANRE
Source el D
_ T * 3 R T 15 R4 _ out
% » AN
c2_|c3 _L:s_ |c6
}T e N -
= K=1 —  Paralel String NS Do Side
. /. DUT * * DUT Ac
Decoupling Module and Line _ L7 R6 _ Side
Dl l 5 'l AN @
Network tmpedance
& J
Line Impedance Inverter
Additional Paallel String(s) Parallel String Model
N\ 2 Rt [ 14 R3) Dcln
oc o+ [ Jor [l (L ’ + e
daies T e's R T 15 R4 _ Out
% A
_Ig2_ lc3 Ls_ |c6 \ )
Combiner
— K=1 —  Parallel String
o AN J

su2837¢c

NOTE: If the co

30.4.3 Ifth

e number of strings is odd;the mechanical disconnect switch shall be installed

number of parallel strings, so that at least half of the strings are disconnected during the test.

30.4.4 If tH
Model. The 1

31 Normal

31.1  When

e number of strings is three, one Parallel String Model shall be replaced by
nechanical disconnect switch shall be installed in the Parallel String Model.

Temperature Test

carrying rated current and with rated voltage applied, a device shall not attain a
hatic cuffininnth; hinh $~-

Imbiner box is integrated in the inverter, R5, R6;L6 and L7 of the line impedance between combiner b)
are not required.

A
[«

px and inverter

t the higher

Full String

4
[«

emperature

at any point

ot o oo ooty g Ttos

a) Constitute an increased risk of fire;

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

c) Exhibit greater rises in temperature at specific points than indicated in Table 31.1, based on an
assumed average ambient temperature in normal service of 25°C (77°F).

31.2

Coil or winding temperatures are to be measured by thermocouples unless access cannot be

gained for mounting a thermocouple (for example, a coil enclosed in sealing compound) or unless the coil
wrap includes thermal insulation or more than two layers (0.8 mm or 1/32 inch maximum) of cotton, paper,
rayon, or the like. At a point on the surface of a coil where the temperature is affected by an external
source of heat, the temperature rise measured by means of a thermocouple may be 10°C (18°F) more
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than the indicated maximum, provided that the temperature rise of the coil, as measured by the resistance
method is no more than that specified in Table 31.1.

Table 31.1
Maximum acceptable temperature rises

Material and components °C (°F)
Wire insulation or insulating tubing 35 (63)
Electrical tape 55 (99)
Varnish-cloth insulation 60 (108)
Fiber employgd as electrical insulation 65 (117)
Phenolic composition or melamine?® 125 (108)
Urea composjtion? 75 (1108)
Other insulating materials® - -

@ The acceptd
relative or gel

bility of insulating materials shall be determined with respect to properties — such asflammability, arc r
eric temperature indices, and the like — based on the temperature rise plus 25°C (45°F).

psistance,

31.3 Exce
wires not Ig
successive
less than 54
temperature
thermocoup
indicating in
thermocoup

31.4 Ambi

31.5 The
accepted la
Tolerances
Temperatur
E230/E230N

pt at coils, temperature readings are to be obtained by means of thermocouples
rger than 24 AWG (0.21 mm?), and a temperature isCeonsidered to be constan
readings, taken at intervals of 10 percent of the previously elapsed duration of the
minute intervals, indicate no change. When thermoecouples are used in the dete
s in connection with the heating of electricaly'devices, it is common practic
les consisting of 30 AWG (0.05 mm?) iron and’ constantan wires and a potention
strument. Such equipment is to be used\whenever referee temperature meas
les are necessary.

ent air is to be at any convenienttemperature within the range of 20 — 30°C (68 — §

hermocouples and related-instruments are to be accurate and calibrated in acc
boratory practice. The thermocouple wire is to conform with the requirements sp
on Initial Values of\ EMF versus Temperature tables in the Standard Spec
p-Electromotive Force (emf) Tables for Standardized Thermocouples,
.

32 Overvogltage Test

321 Ade

icesshall operate continuously while connected to a supply set at 110 percent of r.

consisting of
when three
test, but not
trmination of
b to employ
heter type of
Lrements by

6°F).

prdance with
pcified in the
fication and
ANSI/ASTM

hted voltage.

The test shalhcontinue for 4 hours or until thermal equilibrium is reached. During the 4 hour

5, the device

shall not trip or become inoperative, and shall be in condition to continue the sequence at the end of the 4

hours.

33 Overlo

33.1

ad Test

have the necessary capacity for overloads. See 33.7.

Except as indicated in 33.2, a device that includes an interrupting or shunting contact function shall

33.2 Aninterrupting or shunting device that complies with the requirements of the Outline of Investigation
for Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures for Use with
Photovoltaic (PV) Systems, UL 489B need not be subjected to this test.
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33.3 In order to determine compliance with the provisions of 33.1, the same device previously subjected
to the overvoltage test, is to be caused to switch a dc load adjusted for a value of load current equal to two
times the ampere rating of the device at rated dc voltage.

33.4 The supply circuit for the test mentioned in 33.3 shall have the capacity to provide a closed-circuit
voltage not less than 85 percent of the rated voltage of the device. Except as indicated in 33.5, the dc
supply circuit shall have an inductive time constant of 1.0 — 3.0 ms. Except when a higher value is agreed
to by those concerned, the open-circuit voltage shall be in the range of 100 — 105 percent of the rated
voltage of the device. A 1A fuse shall be connected between the grounded conductor of a grounded

supply circuit and accessible conductive parts of the device.

33.5 The[
not less than

33.6 Inpern
ms switched
the rate of si

33.7 Atth
interrupting

A device with a solid state interrupting device shall additionally comply with 14.2.1.

34 Endura

34.1 Excej
have the neq

34.2 Anint
for Molded-(
Photovoltaic|

34.3 Inord
caused to sV
rated voltage

a) Fg
switc
switc
cycle
reduq

Vo S| 4 FH 4 4 1o Il 4o 40 il aal dlo ok Lloa & PR H
O TITTUUCUVE UTITIC Lulowdliit riay DT 1Coo Ulall T.U TS PTrUVIUTU Uial U1T I©ol LITUUIU T

1mH.

forming the test mentioned in 33.3 the device is to be switched "on" andqafter not
"off". Each cycle of on/off operation is to be repeated for a total of 50)¢cycles of g
X cycles of operation per minute.

b conclusion of the test, the 1A fuse mentioned in 33.4 shallvhot have opened
br shunting contacts shall still be capable of opening, and the device shall still be

nce Test

essary capacity for normal operation. See'34.6.

prrupting or shunting device that complies with the requirements of the Outline of |
Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures f
(PV) Systems, UL 489B, need not be subjected to this test.

er to determine compliance with 32.1, the same device as used for the overload
vitch a dc load adjusted for a value of load current equal to the ampere rating of t
under the following-conditions:

r devices ratedless than 250 A, the device is to be switched "on" and, after ¢

hed "on" and, after one second "tripped" off by using the test switch for an add
5. Ten:percent of the latter 1000 operations shall be performed with the power su
ed\{o85 percent of rated voltage.

ductance is

ess than 20
peration, at

, the circuit
operational.

t as indicated in 35.2, a device that includes>an interrupting or shunting contact fyinction shall

hvestigation
or Use with

test is to be
he device at

ne second,

hed "off" aba-rate of approximately 6 cycles of operation per minute for 1000 cycl¢s, and then

itional 1000
pply voltage

b) For devices rated 250 A or greater, 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 400 cycles, and then
switched "on" and, after one second "tripped" off by using the test switch for an additional 400
cycles. Ten percent of the latter 400 operations shall be performed with the power supply voltage
reduced to 85 percent of rated voltage.

34.4

In performing the test described in 34.3, the supply circuit shall have the capacity to provide a

closed-circuit voltage not less than 97.5 percent of the rated voltage of the device. Except as indicated in
34.5, the dc supply circuit shall have an inductive time constant of 1.0 — 3.0 ms. Except when a higher
value is agreed to by those concerned, the open-circuit voltage is to be in the range of 100 — 105 percent
of the rated voltage of the device. A 1-A fuse is to be connected between the grounded conductor of a
grounded supply circuit and accessible conductive parts of the device.
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34.5 The DC inductive time constant may be less than 1.0 ms provided that the test circuit inductance is
not less than 1mH.

34.6 At the conclusion of the test, the 1A fuse mentioned in 34.4 shall not have opened, the circuit
interrupting or shunting contacts shall still be capable of opening, and the device shall still be operational
as demonstrated by compliance with the test of 34.7. A device with a solid state interrupting device shall
additionally comply with 14.2.1.

34.7 After the endurance test, the same device shall be tested in accordance with 29.1. Except as
indicated in 34.8, the device shall interrupt the arcing as described in Table 29.2 for the conditions of Test

no. 2 and 3 at room ambient.

34.8 Whe
and the req
may be adjy

35 Dielecf

35.1 Thei
maximum ra

a) Li
b) Li
c)Li

d) Li
metd

35.2 Forg
applied bety

35.3 Thet
354 Basi
mentioned

component.

355 Inor

h conducting the tests of 34.7, operation at the maximum wattage possible shall'b
uired trip time calculated from the formula in 29.1.3(e)(2). Electrode gap-and a
sted to obtain the required operating point.

ric Voltage-Withstand Test

nsulation and spacings shall withstand the application of a tes{ voltage equal to t
ted voltage plus 1000 V between:

he and load with the device open for a device that ineludes a circuit interrupting co
he and load with the device tripped for a device that includes a circuit interrupting g
e parts and parts that are grounded, includifg a ground terminal;

ve parts and accessible metal parts including an enclosure of insulating material
| foil. See 35.7.

device deriving power from-a.commercial light or power source, the test voltage
veen the ac circuit and dc gireuits, and between the ac circuit and parts that are grg

est voltage across the. dielectric of a capacitor shall be 900 volts DC.

N
9

insulation and_spacings inherent in a component need not withstand the te
n 35.1 if_the ‘component in question complies with the requirements appli

lerto,determine compliance with the provisions of 35.1, the insulation and spacin

subjected tq

e conducted
rcing current

o times the

htact;

ontact;

| wrapped in

shall also be
unded.

st potentials
table to the

gs are to be

application of a test potential increased from zero to the values specified and ma

ntained for a

period of one minute. The increase in the applied potential is to be at a substantially uniform rate and as
rapid as is consistent with the value of the applied potential being correctly indicated by the voltmeter. The
source of this test voltage shall be in accordance with (a) or (b) as follows:

a) For ac circuits, a 60 hertz essentially sinusoidal potential;

b) For a dc circuit, or between ac and dc circuits, a direct-current potential. It shall be permissible to
use an alternating-current potential for these circuits. The ac RMS potential value is to be the

requ

35.6

ired dc dielectric potential divided by 1.414.

suitable subassemblies may be employed.

Where the construction of the device is such as to deny access to the insulation to be tested,
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35.7

is taken to avoid flashover at the edge of the insulation.

35.8

In the application of test potentials to insulating surfaces, metal foil may be used providing that care

In the application of the test potential specified by 35.1(c), any components in parallel with the

applied potential shall be permitted to be disconnected before performing the dielectric voltage withstand

test.

36 Abnormal Operations Test

36.1
condition, su

ch as with a short-circuited or open-circuited component. See 36.4.

36.2 A sing
device is to
between the

36.3 Thec
pound mass
trade as a "¢

le layer of cheesecloth is to be loosely draped over the device. In addition, & ¢cor

grounded supply conductor and accessible conductive parts of the device,

heesecloth mentioned in 36.2 is to be bleached cheesecloth running»14 — 15 squa
(approximately 26 — 28 square meters per kilogram mass) and having what is K
ount of 32 by 28", that is, for any square inch, 32 threads in are direction and 2

A device shall not become a risk of fire, shock or injury when operating while in an abnormal

1 connected

rest on white tissue paper supported by a softwood surface. A 1-A fuseris-io b¢ connected

re yards per
nown in the
8 threads in

the other dirg¢ction (for any square centimeter, 13 threads in one direction.and 11 in the other difection).
36.4 A deyice operating under abnormal conditions will be eonsidered to have become 4 risk of fire,
shock or injury if:

a) There is glowing or flaming of the cheesecloth or tissue paper mentioned in 36.2;

b) Thiere is emission of molten metal;

c) The fuse mentioned in 36.2 operates 14 open the circuit;

d) Exccept if the device is likely to be removed from service, there is dielectric failure. See 36.5 and

36.6;

e) It is possible to touch a part with the articulated probe shown in Figure 17.1 while there is a risk

of shock at that part; or

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

36.5 Dieleq

36.6 Adey

tric faildre is considered to be failure to comply with the provisions of 35.1.

ce is"considered likely to be removed from service if:

a) Fo

ran AFCI or ID it is no longer able to complete the electric circuit to the load; or

b) For an AFD it is no longer able to cause its corresponding ID to complete the circuit to the load.

37 Short Circuit Current Test

37.1 A device that includes an interrupting or shunting contact shall withstand short-circuit currents. See
37.7.
37.2 In order to determine compliance with the provisions of 37.1, the supply circuit shall have an open-

circuit voltage in the range of 100 — 105 percent of the rating of the device. Except as indicated in 37.3, the
dc supply circuit shall have an inductive time constant of 1.0 — 3.0 ms. The impedance of the supply is to
be such as to provide a prospective current that shall be any of the following values as required for the
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application: 50, 100, 400, 800, 1200, 1600, 2000, 3000, 5000, 7500, 10000, 14000, 18000, 20000, 22000,
25000, 30000, 35000, 42000, or 50000 amps.

37.3 The DC inductive time constant may be less than 1.0 ms provided that the test circuit inductance is
not less than 1mH.

37.4 Each line terminal of a device is to be connected to the supply mentioned in 37.2 using 4 ft (1.2 m)
of insulated wire, sized for the rating of the device. A PV fuse complying with the Outline of Investigation
for Low-Voltage Fuses — Fuses For Photovoltaic Systems, UL 2579, rated at the current rating of the PV
DC arc-fault circuit-interrupter is to be connected in series with the ungrounded conductor. If the required
fuse rating is not a standard fuse rating, the next higher standard value shall be used. The fuse shall have

an interrupt
connected q
terminal of t
to be conng
conductive
emitted.

ny Idt;llg cquai tU Ul UICdtUI thall thG tcat CUriIci It. A GGS'IIIIII (ZG'illbh) bundu
etween the load terminals or for a single pole device, between the load terminal‘a
he supply. The device is to be in any position considered to be normal in sefvice.
cted between the supply terminal representing the grounded circuit conductor an
barts of the device. Surgical cotton is to cover openings of the devicewwhere fl

37.5 The prospective current is to be initiated once by means of a switch'in the supply circu

to be repea
representat

37.6 The
the line and

37.7 Atth
shall not be
capable of ¢
of 37.8. A df

37.8 After
the Series (
for the cond

ed with the prospective current initiated once by means of.any control of the deV
ve device is not required to experience more than one gcurrent initiation.

short circuit current test described in 37.5 shall bevrepeated with reverse current
load connections to the device.

e conclusion of the above tests the 1A fuse mentioned in 37.4 shall not have o
any flaming of the cotton mentioned in37.4, the interrupting or shunting contacts
pening, and the device shall still be @perational as demonstrated by compliance
bvice with a solid state interrupting device shall additionally comply with 14.2.1.

the short circuit current tests, each representative device shall be tested in acc
onnection Arcing Test of 29.1. The device shall interrupt the arcing as described
tions of Test no. 2 and‘3 at room ambient.

38 Corrogion Test

tor is to be
nd the return
A 1-A fuse is
d accessible
hme may be

t. The test is
ice. A single

by reversing

bened, there
shall still be
with the test

brdance with
n Table 29.2

38.1 A deyice shall opéerate as intended after being subjected to the corrosive atmosphere tgst described
in 38.2 — 383.
38.2 One [reppesentative device is to be placed in a 200 liter (52.8 gallon) or larger test chamber on a

platform approximately 50.8 mm (2 inches) above the botiom of the chamber. The temperature in the
chamber is to be maintained at 30 +2°C (86 +3°F) and the relative humidity at 70 +2 percent (measured
directly in the chamber). The temperature and humidity are to be checked daily. Because of the corrosive
atmosphere a set of wet and dry bulb thermometers shall be used for measurement of relative humidity.

38.3 The following gas mixture in air is to be supplied to the chamber at a rate sufficient to achieve an air
exchange in the chamber of about five times per hour, for a period of 3 weeks: 100 £10 parts per billion
(ppb) (parts per billion = parts per 10° by volume) hydrogen sulfide (H,S) plus 20 5 ppb chlorine (Cl,) plus
200 +50 ppb nitrogen dioxide (NO,). The air inside the chamber is to be circulated by a single fan, with
flow upwards from the bottom.

38.4 After the corrosion test, the representative device shall be tested in accordance with 29.1 at the two
lowest wattages specified in Table 29.2, and shall trip as required.
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39 Surge Current Test

39.1

39.1.1

General

All devices with built-in power supplies deriving their power from a commercial light and power

source (devices with AC input) shall be subjected to the Surge Current Test in 39.2.1 — 39.4.1, and shall
comply with the requirements in 39.1.2.

39.1.2 Duri

ng and following the Surge Current Test the following conditions shall not result:

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

orcr
b) CH
c) Ign

d) Cr
in ac

39.1.3 Three previously untested representative devices are to be subjected to the test.

39.2 Mounting and installation

39.2.1 Ead
white tissue
cheesecloth
molten meta
be deliberatd

39.3 Surge parameters

39.31 Ac
connected d
combination

39.4 Surge polarity

39.4.1 Thsg
-15), one ne

4 <l IFy il ' A\ dla -l '
dltlU do d TCoUIL UT'UIT ITol) 1T uie prouuct.
arring, glowing, or flaming of the supporting surface, tissue paper, or cheesecloth.
ition of the enclosure.

bation of any openings in the enclosure that results in accessibilityof live parts, v
tordance with Accessibility of Energized Parts, Section 17.

h representative device shall be placed on a softwood surface covered with a do

paper. Each device is to be loosely draped with a double layer of chees
shall cover openings (for example, receptacle openings, ventilation openings) W
, or other particles may be expelled as-a'result of the test. However, the cheesecl
ly pushed into openings.

pbrd and plug connected device is to be subjected to a surge of 6 kV at 3 kA. A p
evice is to be subjected to a minimum surge of 6 kV at 10 kA. The surge
1.2/50 ps, 8/20 ps voltage/current surge waveform.

polarity of the impulses shall be one positive applied at a phase angle of 90 d
gative applied at a phase angle of 90 degrees (+0, —15).

hen judged

Lible layer of
ecloth. The
here flame,
bth shall not

ermanently-
shall be a

egrees (+0,

40 Abnormal Overvoltage Tests

40.1

40.11

General

All devices with built-in power supplies deriving their power from a commercial light and power

source (devices with AC input) shall be subjected to the Full Phase Voltage-High Current Abnormal
Overvoltage Test, 40.2, and Limited Current Abnormal Overvoltage Test, 40.3. Testing 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 created as a result of the test in the product);

b) Charring, glowing, or flaming of the supporting surface, tissue paper, or cheesecloth;
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c) Ignition of the enclosure; and

d) Creation of any openings in the enclosure that results in accessibility of live parts, when judged
in accordance with Accessibility of Energized Parts, Section 17.

40.1.2 The representative devices used for each of the tests described in 40.2 — 40.3 are to be
previously untested.

40.1.3 The representative devices shall be placed on a softwood surface covered with a double layer of
white tissue paper. The orientation of the representative device shall be such as to create the most severe
conditions representative of normal installation. Each representative device is to be loosely draped with a

double lay

of cheesaecloth—The cheesecloth-shall cover oneninas (for example—receptac
—GH tHH—F ) tHH—SHaH Ve—o0peRHRgS—1+o—8xapie— pta

€ openings,

ventilation
expelled as

4014 Cd
Overvoltagq

40.1.5 Wh
40.2-40.3

40.1.6 Fo
Test, 40.2, 4
to be subje
requirement
the end of th

40.1.7 Of
operation o
device is co

penings and any other similar openings) where flame, molten metal, or other part
a result of the test. However, the cheesecloth shall not be deliberately pushed.into

rd connected devices shall be tested in accordance with the Limited Curre
Test, 40.3, in both normal and reversed polarity.

may be used for testing.

lowing the tests described in the Full Phase Voltagey~ High Current Abnormal
nd the Limited Current Abnormal Overvoltage Test/40.3, the same representative

s of Section 21, Grounding. The leakage current test shall be conducted within fiy
e abnormal overvoltage tests.

eration of the ac-power-line circujt(breaker, a fuse internal or external to th
f an acceptable overcurrent or over temperature protective device provided as
nsidered acceptable.

40.2 Full phase voltage — high current abnormal overvoltage test

40.2.1
previously U
40.1 with a
circuit (fault
current to, d
from the ac

Figure 40.1

The test described in-this 'section shall not result in any of the conditions described in

ntested device-is-to be subjected to the application of the test voltage as spec

current (I3.)-as specified in Table 40.2. The overvoltage is to be applied for 7 h
r temperatures within the device attain equilibrium, or until the device becomes (¢
supply-(due, for example, to open circuiting of a thermal or overcurrent protective

cles may be
openings.

ht Abnormal

en agreed upon by all concerned parties, fewer representative devices than thosg specified in

Overvoltage
devices are

cted to and comply with Section 26, Leakage ‘Current Measurement , and comply with the

e minutes of
e device, or

part of the

40.1.1. One
fied in Table

power factorias specified in Table 40.3. The ac power source shall have an available short-

burs, or until
isconnected
device). See

Exception: This testing is not required for an device employing a component or components that have
been previously tested and shown not to conduct current nor to exhibit any condition in 40.1.1 when
subjected to the maximum phase voltage or twice the conductor pair voltage rating of the device as
specified in Table 40.1.

40.2.2 Connection of the test circuit in series with 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, as specified in the
National Electrical Code, ANSI/NFPA 70, is not prohibited.
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