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INTRODUCTION
1 Scope

1.1 These requirements cover inverters, converters, charge controllers, and interconnection system
equipment (ISE) intended for use in stand-alone (not grid-connected) or interactive (grid-connected) power
systems. Interactive inverters, converters, and ISE are intended to be operated in parallel with an electric
power system (EPS) to supply power to common loads.

1.2 For interactive equipment, these requirements are intended to supplement and be used in
conjunction with the Standard for Interconnectlng Dlstrlbuted Resources With Electric Power Systems,
IEEE 1547, g cting Distributed
Resources thh Electrlc Power Systems IEEE 1547 1.

1.3 These fequirements cover AC modules that combine flat-plate photovoltaic modules and inverters to
provide AC |output power for stand-alone use or interaction with the electric. power system (EPS),
commonly the electric utility grid, and power systems that combine other alternative energy| sources with
inverters, copverters, charge controllers, and interconnection system equipment (ISE), in system specific
combinationg.

1.4 These Jrequirements also cover power systems that combine independent power [sources with
inverters, copverters, charge controllers, and interconnection system equipment (ISE) in system specific
combinationg.

1.5 The products covered by these requirements areflintended to be installed in accordance with the
National Elegtrical Code, NFPA 70.

1.6 These fequirements also cover rapid shutdawn equipment and systems.
2 Glossary
21 Genergl

2.1.1 In thq text of this standard, the term "unit" refers to any product covered by this Stanpdard. For the
purpose of this Standard, the-definitions in 2.1.2 — 2.1.54 apply.

2.1.2 AC MODULE 3*The smallest complete unit that includes solar cells, optics, invertdrs, and other
components excluding tracking devices, intended to generate ac power from sunlight.

2.1.3 BARRIER—=Apartinside anm enctosure that TeduTes access 1o a part that nvotves a risk of fire,

electric shock, injury to persons, or electrical energy-high current levels.

21.4 BRANCH CIRCUIT — The portion of the building wiring system beyond the final overcurrent
protective device in the power-distribution panel that protects the ac output of the field-wiring terminals in a
permanently connected unit.

2.1.5 BYPASS SOURCE - A branch circuit or generator to which the load is connected when the power
conversion portion of the inverter is not supplying power to the load.

2.1.6 CHARGE CONTROLLER — A device intended to control the charging process of storage batteries
used in photovoltaic power systems.
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2.1.7 CLASS 2 TRANSFORMER - A step-down transformer complying with the applicable requirements
in the Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1, and the
Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3.

2.1.8 CONTROL CIRCUIT — A circuit that carries low-voltage, limited-energy (LVLE) electric signals and
not main power, voltage or current.

2.1.9 CONVERTER - A device that accepts ac or dc power input and converts it to another form of ac or
dc power. For the purposes of this standard and unless otherwise specified, ac output converters intended

to directly supply power to loads are to be subjected to all of the requirements for inverters.

21.10 DC
photovoltaic 3

21.11 DEG
to parts which
verified by st3

2.1.12 DIS(
source, utility

2.1.12A DO

2113 ELE

The most commmon example of an EPS is an electric utility.

21.14 ENC

a) Th

persons, or

b) The

occurtiing within.

rrays by detecting a ground fault and interrupting the fault path in the dc circuit:

REE OF PROTECTION — The extent of protection provided by an enclosure ag
involve a risk of injury to persons, ingress of foreign solid objects, afnd/or ingres
ndardized test methods.

ONNECT DEVICE — A device that disconnects the conductors of a circuit fr
or load.

OR — A cover provided with a hinge and a hand-opérable latch.

CTRIC POWER SYSTEM (EPS) — Equipment orfacilities that deliver electric po

| OSURE — A surrounding case constructed to provide a degree of protection ag

2

L

accessibility of a part that potentially involves a risk of fire, electric shock

risk of propagation of flame, sparks, and molten metal initiated by an electrical

grotection for

ainst access
s of water as

bm a supply,

ver to a load.

ainst:

or injury to

| disturbance

2.1.15 FIELD-WIRING LEAD)— A lead to which a supply, load, or other wire is intended to e connected
by an installer.
2.1.16 FIELD-WIRING TERMINAL — A terminal to which a supply, load, or other wire is intended to be

connected byjantinstaller.

2.1.17 FIXED UNIT — A unit that is intended to be permanently connected mechanically and electrically
and only able to be detached by the use of a tool.

2.1.18 GRID SUPPORT UTILITY-INTERACTIVE INVERTER / GRID SUPPORT UTILITY-INTERACTIVE
ISE — An inverter or ISE intended for use in parallel with an electric utility that complies with the advanced
interconnection requirements in Supplement SA for Grid Support Utility-Interactive Equipment, and/or
Supplement SB for Grid Support Utility-Interactive Inverters and Converters Based upon IEEE 1547-2018
and IEEE 1547.1-2020.

2.1.19 GROUNDED CONDUCTOR — A system or circuit conductor that is intentionally grounded.

2.1.20 GUARD - A part outside of the enclosure that reduces access to a component involving a risk of
injury to persons. See Enclosures and Guards, Section 38.
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2.1.21 INTERACTIVE EQUIPMENT — Generic reference for equipment that operates in parallel with an
EPS. Some examples are; utility interactive, grid support utility-interactive or special purpose utility-
interactive equipment including generation sources such as inverters, converters, or rotating generators.
Another example is ISE that performs interconnection monitoring, protection and control that may be used
in conjunction with DERs to address the requirements for interactive equipment.

2.1.22 INTERCONNECTION SYSTEM EQUIPMENT (ISE) — A component or system of components
that performs protective and control functions used to interconnect a distributed resource to an EPS. ISE

may be a control subassembly(s) of an inverter or non-inverter distributed energy resource (DER).

2.1.23 INVERTER - An electronic device that changes dc power to ac power.

2.1.24 ISLANDING PROTECTION — Protection against the continuous operation of the inverter and part
of the utility Ipad while isolated from the remainder of the electric utility system.

2.1.25 |ISOLATED CIRCUIT — A circuit having an isolation transformer or isolating'components such as
optically or magnetically coupled devices.

2.1.26 |ISOLATION TRANSFORMER - A transformer having its primary'winding electrically|isolated from

its secondar
overload con
core, or betw

electric shock.

2.1.27 KN(
removed by

hole for the dttachment of an auxiliary device, raceway, cable, or fitting.

2.1.28 LIM
and the ener

a) Th
b) On

C)Ar

2.1.29 LIVEH
difference wi

y winding and constructed so that there is no electricalyconnection — unde
ditions — between the primary and secondary winding$¢between the primary wi
een separate adjacent secondary windings, where-such connection results in g

CKOUT — A portion of the wall of an enclosure so fashioned that it is capable of
b hammer, screwdriver, and pliers at the time of installation in order to provide

[TED-ENERGY (LE) CIRCUIT = Ahn ac or dc circuit having a voltage not exceed
gy limited to 100 volt-ampereslby:

e secondary winding of atransformer,
e or more resistors.complying with 31.10, or

bgulating network complying with 31.11.

E PART(="An electrically conductive part within a unit that during intended use h
h respect to earth ground.

2.1.29A LC

r normal and
nding and the
risk of fire or

being readily
hn opening or

ng 1000 volts

as a potential

-V OLTAGE COMPARTMENT =A portion of amenciosure that does ot con

tain wiring or

components operating above 1000 Vac or above 1500 Vdc and that is completely separated from any
medium-voltage compartment by grounded metal barriers.

Note: It is acknowledged that other standards and codes may have different definitions and voltage limits for medium voltage.

2.1.30 LOW-VOLTAGE, LIMITED-ENERGY (LVLE) CIRCUIT — A circuit involving an ac voltage of not
more than 30 volts rms (42.4 volts peak) or a dc voltage of not more than 60 volts and supplied by:

a) An inherently limited Class 2 transformer or a not inherently limited Class 2 transformer and an

overc

urrent protective device that is:
1) Not of the automatic reclosing type,

2) Trip-free from the reclosing mechanism, and
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3) Not readily interchangeable with a device of a different rating or the device
accordance with 67.7.

is marked in

b) A combination of an isolated transformer secondary winding and one or more resistors or a
regulating network complying with 31.11 that complies with all the performance requirements for an

inhere

ntly limited Class 2 transformer or power source; or

c) A battery that is isolated from the primary circuit or a combination of a battery, including the
battery charging circuit of a unit that is isolated from the primary circuit, and one or more resistors
or a regulating network complying with 31.11.

2.1.31

MANUFACTURER-SPECIFIED EXTERNAL ISOLATION TRANSFORMER — A manufacturer-

specified isol
operation of

ground current in installations that have a grounded conductor in the ac or dc input powercirc

2.1.32 MAX
short circuit ¢

Note: This could
case conditions
rating equates to|

2.1.33 MAX
panel multipli
Code, ANSI/I
maximum Ssys
panels.

2.1.33A ME
Note: It is acknoy

2.1.33B ME
component o

2.1.33C MH
voltage comp

2.1.34 OPE

tion transformer that 15 external to the product, but which 15 always requir
he product. For example, when an isolation transformer is required to preve

IMUM INPUT SHORT-CIRCUIT CURRENT (I, MAX) — Absolute/maximum
Lirrent that a DC port of the DUT is rated to have connected to it.

be the short circuit from a PV array, battery or, energy storage device. For a-PV source it would ad
bf ambient temperature, irradiance, etc. For NEC compliant installation; this Maximum Input Shor
1.25 x | of the PV array.

IMUM SYSTEM VOLTAGE — The open-circuit voltage (Voc) of the photovolta
ed by the temperature correction factor specified in Article 690.7 of the Natio
NFPA 70, for crystalline and multi-crystalling,silicon photovoltaic modules and
tem voltage is equal to the Voc for amorphous silicate and thin film photovoltaic

DIUM VOLTAGE - Voltage abovey1000 Vac or above 1500Vdc.

ledged that other standards and.codes may have different definitions and voltage limits for medium

DIUM VOLTAGE COMPARTMENT — A portion of an enclosure that contains
berating at mediumyvoltage.

DIUM VOLTAGE DOOR - A door that provides access to insulated or uninsul
pnents, equipment or wiring, other than those in individual grounded metal enclg

N-CIRCUIT VOLTAGE (Voc) — The maximum no load output voltage of a
hel.at standard test conditions (STC). See 2.1.49.

d for proper
nt circulating
it

prospective

count for worst-
Circuit Current

ic module or
nal Electrical
panels. The
modules and

lvoltage.
Bny wiring or
hted medium
sures.

photovoltaic

module or pa

2.1.35 PERMANENTLY CONNECTED UNIT — A unit connected to the electrical supply by means other

than a supply

cord and an attachment plug.

2.1.36  POWER CONNECTOR - A single conductor or multiple conductor, cable mounted or chassis
(bulkhead) mounted connector that carries the main input or output power of the device under test.
Connectors used for control, communication or data signals or cables carrying limited power for these
devices are not considered power connectors.

2.1.37 PRESSURE TERMINAL CONNECTOR - A terminal that accomplishes the connection of one or
more conductors by means of pressure without the use of solder. Examples of pressure terminal
connectors are:

a) Bar

rel and setscrew type,
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b) Crimp-type barrel, or

c) Clamping plate and screw type.

2.1.38 PRIMARY CIRCUIT — Wiring and components that are conductively connected to a branch
circuit.

2.1.39 PULSE-WIDTH MODULATED (PWM) CHARGING — A charge control method that enables the
photovoltaic current to bring the battery voltage to constant voltage type regulation using pulse width
modulated control by setting the voltage regulation reconnect (V,,) setpoint photovoltaic array closer to the
disconnect (V,) using pulse-width-modulated control circuitry. Based on the rate of switching, the overall

current is abl

e to taper similar to the constant voltage type regulation.

2140 PV
physically co

2141 RIS
property or
between a liy
is a potential

a)An

b)AT

For example

when enough energy is available at the component to, vaporize, melt, or more than warm the

2.1.42 SAH
electric shog
example, is 3

2.1.43 SAF

risk of electr
removed, or

2.1.44 SEC

2.1.45 SER
photovoltaic

MODULES WITH INTEGRATED ELECTRONICS (PVIE) — A PV module wi
hnected.

K OF ELECTRICAL ENERGY- HIGH CURRENT LEVEL - The ‘capability fq
njury to persons, other than by electric shock, from available "electrical en
e part and an adjacent dead metal part or between live parts_of different polarity
of 2 volts or more and:

available continuous power level of 240 volt-amperes or more, or

eactive energy level of 20 joules or more.

a tool, or other metal, short-circuiting a:component that is able to result in a
ETY CIRCUIT — Any primary or secondary circuit that is used to reduce th
K, injury to persons, or electrical“energy — high current levels. A safety interlg
safety circuit.

ETY INTERLOCK — A means relied upon to reduce the accessibility to an area t
c shock, electrical‘energy — high current levels, or injury to persons until the
o automatically-remove the risk when access is gained.

ONDARYCIRCUIT — A circuit supplied from a secondary winding of an isolatior

IES CHARGE CONTROLLER - A control element for battery charging that is in
array’and a battery. The control element usually operates in an on/off mode,

h electronics

r damage to
ergy existing
, Where there

burn or a fire
metal.

e risk of fire,
ck circuit, for

hat involves a
fisk has been

transformer.

series with a
a pulse-width

modulated (PWt)y™ode, ora tinearcontrof mode. T he controt efement s usuatty a sohds

device or a mechanical relay.

ate switching

2.1.46 SERVICE PERSONNEL — Trained persons having familiarity with the construction and operation
of the equipment and the risks involved.

2.1.47 SPECIAL PURPOSE INTERACTIVE INVERTER / CONVERTER / PRODUCT - An interactive
inverter / converter / product evaluated for specific applications different from those where utility-
interactive and grid support inverters are generally used. These units may have specific utility
interconnection protection settings that allow them to provide specific interactive functions for a special
application. These products may rely upon internal or external utility interconnection protection functions
or devices, as identified for the particular product. External utility interconnection protection may be
provided by means of utility protection relays as required by the local electric utility. IEEE 1547-2018 refers
to this type of product as a Partially Compliant Product.
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Note: Special purpose interactive products are intended for use in specific power production applications that export power to the
electric utility. These units are often installed in power farm applications. These units may be evaluated for compliance to a subset of
the published grid interconnection requirements and they may also include additional special purpose interactive features addressed
through other documents, standards, and other functions that may be enabled in accordance with local utility interconnection
protection requirements.

2.1.48 STAND-ALONE INVERTER — An inverter intended to supply a load and does not provide power
back to the electric utility.

2.1.49 STANDARD TEST CONDITIONS (STC) — Test conditions consisting of:

a) 100 mW/cm? irradiance,

b) AM|[1.5 spectrum, and

c) 25 9C (77 °F) cell temperature.

2.1.50 TOO
similar fasten

| — A screwdriver, coin, key, or any other object that is usable to.opérate a screw, latch, or

ng means.

2.1.51 TOT,
harmonic con

AL HARMONIC DISTORTION (THD) — The ratio of thé root-mean-square
tent to the root-mean-square value of the fundamental quantity, expressed as a

(rms) of the
bercentage.

THD = [(sufn of squares of amplitudes of all harmonics)/(square of amplitude of fundamentgl)]"’? x 100

2.1.52 UTIYTY-INTERACTIVE INVERTER — An inverter intended for use in parallel with an electric

utility to supp

Note: This term i

2.1.53 VOL]
enables the b
charging or b

2.1.54 VOL]
charge contrg

2.2 PVrapi

221 ATTE
conductors rg

y common loads and sometimes deliver power to the utility.

traditionally associated with products compliant' with IEEE 1547-2003 and IEEE1547.1-2005.

[AGE REGULATION (V,) SETPOINT — The maximum battery voltage that a cha
attery to reach under charging'conditioners. At this voltage the charge controller
bgins to minimize the charging current to the battery.

[AGE REGULATION* RECONNECT (V,;) SETPOINT — The battery voltage
ller reconnectsithe-array to the battery when it has been disconnected at the V, s

 shutdowh-equipment and systems

rge controller
discontinues

at which the
setpoint.

NUATE OR ATTENUATED - To reduce either the voltage or current, or both,

in controlled

sulting in a reduction of the respective magnitudes and a reduction in available energy to

levels as specified In sections of this standard where the function is required. The attenuation or
attenuation equipment as specified in this standard may use active electronic circuits or dissipative
methods that are switched or permanently connected.

2.2.2 CONTROLLED CONDUCTOR(S) — PV system conductors that are subject to the Rapid Shutdown
System requirements in Section 690.12 of the NEC (NFPA 70). Controlled conductors may include PV
source and PV output conductors, PV input conductors to an inverter, ac output conductors of an inverter,
input and output conductors of a charge controller (CC) and conductors connected to an energy storage
system that is directly connected to a PV dc source.

2.2.3 CONTROLLED STATE — A condition related to Controlled Conductors under which the voltage,
volt-amperes, and currents on the conductors adhere to the rapid shutdown safety specifications of this
standard when the rapid shutdown is activated.
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2.2.4 INITIATION DEVICE(S) or INITIATOR(S) — One or more manual or automatic switching device(s),
input port(s) or signal(s) that will result in the activation of the rapid shutdown system function(s).

225 NOMINAL OPERATING CELL TEMPERATURE (NOCT) - The equilibrium cell junction
temperature corresponding to nominal module service operating conditions in a reference environment of
80 mW/cm? irradiance, 20 °C (68 °F) ambient air temperature, 1 m/s wind across the module from side to
side, an electrically open circuit, and a mounting method in accordance with the Standard for Flat-Plate
Photovoltaic Modules and Panels, UL 1703.

2.2.6 PV RAPID SHUTDOWN EQUIPMENT (PVRSE) — Equipment intended to be used in a PVRSS to
initiate, disconnect, isolate or attenuate the controlled conductors of a PV system.

APID SHUTDOWN SYSTEM (PVRSS) — System consisting of PVRSE intendecli to initiate, in
sconnect, isolate or attenuate the controlled conductors of a PV system.

227 PVR
addition to di

2.2.8 RAPI
the required
Section 690.

D SHUTDOWN TIME LIMIT — The rated time limit that a PVRSE or RVRSS tak
level in Section 98.1. The rated time limit of a PVRSS shall not.exceed the li
12 of the NEC (NFPA 70).

es to achieve
mit defined in

Note: NEC 690,
14-10 log numb

12 specifies the response time as no greater than 30 seconds in the 201/*\NEC and 2014 NEC as
br 1223 dated August 13, 2016.

lamended by TIA

2.2.9 RESHT DEVICE — A device used to return the PVRSS.tofits normal state.

2210 SIM

indicates tha

JLTANEOUSLY — For the purpose of testing within this standard, the term s
t multiple switching events will all occur.with no intentional delay. Test cir

designed to minimize temporal switching event diffefences.

2211 STA
visual confirn

3 Compon
3.1 Except
requirements

used in the p|

3.2 Acomp

a) In

FUS INDICATOR - Visual indicator located at an initiation device or other locat
hation to the operator that the rapid shutdown command has been effectively imj

ents

as indicated in 32,)a component of a product covered by this standard shall cq
for that component. See Annex A for a list of standards covering componer
Foducts covered by this Standard.

onent isnot required to comply with a specific requirement that:

olvés a feature or characteristic not required in the application of the com

multaneously
cuits shall be

on showing a
blemented.

mply with the
ts commonly

bonent in the

product covered by this standard, or

b) Is superseded by a requirement in this standard.

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

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

4.1
approximate i

nformation.

5 References

5.1

interpreted as referring to the latest edition of that code or standard.

CONSTRUCTION

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

Any undated reference to a code or standard appearing in the requirements of this standard shall be

6 General

6.1
grounded and

6.2 Convert

7 Frame and Enclosure

7.1 Genera

7.1.1 A unit
shall protect {
parts of the e
fire, electric s
this Standard

7.1.2 Thefr
Exception: AS

7.1.3 A part
requirements

7.1.4 An ern
Enclosures, §
Electrical EqU

A unit intended to operate at rated voltages of 50 volts or less shall operate as inte

ungrounded circuits.

ors shall be subjected to all of the requirements for inverters,

shall be provided with an enclosure that houses all current-carrying parts. T
he various parts of the unit against mechanical damage from forces external to
nclosure that are required to be in place:to comply with the requirements to redy
hock, injury to persons shall comply.With the applicable enclosure requirement

bme or chassis of a unit shall.not be relied upon to carry current during normal o
provided in the Exception to 22.12.

such as a dial or nameplate that is a part of the enclosure shall comply with t
closure~ether than a Type 1 (indoor use only) shall comply with Environn

bection 7.9, or the requirements for the respective Type in the Standard for E
ipment, UL 50.

nded in both

he enclosure
the unit. The
ce the risk of
5 specified in

beration.

he enclosure

nental Rated
hclosures for

7.1.5 Sheet-metal screws threading directly into metal shall not be used to attach a cover, door, or other
part that is to be removed to install field wiring or for operation of the equipment. Machine screws, self-
tapping machine screws, and thread forming screws are able to thread directly into sheet-metal when they
allow for at least two full threads of screw engagement.

7.1.6 Sheet-metal screws mounting internal components that are not removed for installation or
operation are able to thread directly into metal.

7.1.7 All medium voltage wiring and components shall be completely enclosed by grounded metal
enclosures or metallic raceway, with the exception of viewing panes and ventilation openings. Polymeric
enclosures shall not be used for enclosing medium voltage wiring or components.
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Exception: Shielded medium voltage wiring may be exposed in units rated only for installation in restricted
areas which are not in general access areas.

7.2 Access covers

7.2.1 For a unit used as a load center, a cover that gives access to a fuse or other overload-protective
device, the functioning of which requires renewal shall be hinged. A hinged cover is also required for a unit
when it is required to open the cover in connection with normal operation of the unit. The cover shall not
depend solely upon screws or other similar means requiring the use of a tool to hold it closed; however, it
shall be provided with a spring latch or catch, or a hand operable captive fastener. Live parts shall not be

accessible w

hen the cover is open.

Exception N
devices encl

a) Su|
the sa

b) Su|
c) Ex

d) Prq

Exception N

user-serviceqble or -operable parts and which is provided:with a marking in accordance with |

7.2.2 With
for doors ang

7.2A Doors for medium voltage equipment

7.2A.1 Doad

interlocked t¢ prevent opening the ‘door when medium voltage parts are energized. This intd

comply with

7.3 Cast metal enclosures

7.3.1 Thet

D. 1: A cover is not required to be provided with a hinge when the only ovérid
bsed are:

bplementary types in control circuits and the protective device and the ‘eircuit lo
me enclosure,

bplementary types rated 2 amperes or less for loads not exceeding 100 volt-amg
ractor fuses having an integral enclosure, or

tective devices connected in a low-voltage, limited<energy (LVLE) circuit.

D. 2: A cover is not required to be provided ‘with a hinge for an enclosure thg

eference to 7.2.1, a door or cover giving access to a fuse shall comply with the
covers, in the Standard for Industrial'Control Equipment, UL 508.

rs providing access to live medium voltage components, equipment or wi

nterlocking of Medium Voltage Equipment, Section 15A.

hickness of cast metal for an enclosure shall not be less than indicated in Table 7.1.

ad-protective

hds are within

eres,

t contains no
b7.6.

requirements

ring shall be
rlocking shall

—_

Exception:
Section 63.

gstrmetal of fesserthickness 1S usabie where thie ernclosure compiies Wit Corm

ression Test,
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Table 7.1

Thickness of Cast-Metal Enclosures

Minimum thickness, mm (inch)
Cast metal other than
Use, or dimension of area involved Die-cast metal die-cast type

Area of 154.8 cm? (24 in?) or less and having no dimension greater than 1.6% (1/16) 3.2 (1/8)
152 mm (6 inches)

Area greater than 154.8 cm? (24 in?) or having any dimension greater 24 (3/32) 3.2 (1/8)
than 152 mm (6 inches)

At a threaded conduit hole 6.4 (1/4) 6.4 (1/4)
At an unthreaded-conduit-hole. 32 (1/52} 32 (1/8)

@ The area limit;

htions for metal 1.6 mm (1/16 inch) thick are attainable by the provision of reinforcing ribs subdividing a larger area.

7.4 Sheet metal enclosures

74.1 The th
Table 7.3; ho
shall not be |
(0.045inch) t

Exception: S
Test, Section

7.4.2 With
channels, or
dimensions a

hick at points at which a wiring system is to be connected.

63.

heet metal of lesser thickness is usable where.thé enclosure complies with

ickness of a sheet-metal enclosure shall not be less than that specified in Table 7.2 and
wever, uncoated steel shall not be less than 0.81 mm (0.032inch) thick, zinctcoated steel
pss than 0.86 mm (0.034 inch) thick, and nonferrous metal shall not be less than 1.14 mm

Compression

eference to Table 7.2 and Table 7.3, a supporting frame is a structure consisting of angles,
folded rigid sections of sheet metalsthat is rigidly attached to and has similar outside
5 the enclosure surface and that has'the torsional rigidity to resist the bending moments that

result when the enclosure surface is deflected.-A construction that has equivalent reinforcing|is one that is

as rigid as on

b built with a frame of angles or channels.

Thickness of Sheet:Metal for Enlﬁ)bslﬁr:,a.sz, Carbon Steel or Stainless Steel
With supporting frame or equivalent
Without supporting frame?® reinforcing® Minimum thicknesp, mm (inch)
Maximum width,” | Maximum length,® Maximum width,” Maximum length,®

cm (inch) cm (inch) cm (inch) cm (inch) Uncoated Coated
10.2 4.q) Not limited 15.9 (6.25) Not limited 0519  (0.020) | 058 (0.023)
12.1 (4.75) 14.6 (5.75) 17.1 (6.75) 21.0 (8.25)
15.2 (6.0) Not limited 241 (9.5) Not limited 0.66% (0.026) | 0.74° (0.029)
17.8 (7.0) 22.2 (8.75) 254 (10.0) 31.8 (12.5
20.3 (8.0) Not limited 30.5 (12.0) Not limited 0.81 (0.032)| 0.86 (0.034)
22.9 (9.0) 29.2 (11.5) 33.0 (13.0) 40.6 (16.0)
31.8 (12.5 Not limited 49.5 (19.5) Not limited 1.07 (0.042) 1.14 (0.045)
35.6 (14.0 457 (18.0) 53.3 (21.0) 63.5 (25.0)
457  (18.0) Not limited 68.6 (27.0) Not limited 135 (0.053) | 1.42  (0.056)
50.8  (20.0) 63.5 (25.0) 73.7 (29.0) 91.4 (36.0)
55.9 (22.0) Not limited 83.8 (33.0) Not limited 152 (0.060) | 1.60 (0.063)

Table 7.2 Continued on Next Page


https://ulnorm.com/api/?name=UL 1741 2023.pdf

MAY 19, 2023

UL 1741

21

Table 7.2 Continued

surfaces of an

¢ "Not limited" ¢
normally remoyed in use.

d Sheet steel fo
less than 0.81 1

enclosure have supports in common and are made of a single shéet-
pplies only where the edge of the surface is flanged at least 42.7 mm (1/2 inch) or fastened to adjace

I an enclosure intended for outdoor use shall not be less’than 0.86 mm (0.034 inch) thick for coated
hm (0.032 inch) thick for uncoated metal.

With supporting frame or equivalent
Without supporting frame? reinforcing® Minimum thickness, mm (inch)
Maximum width,” | Maximum length,® Maximum width,” Maximum length,®
cm (inch) cm (inch) cm (inch) cm (inch) Uncoated Coated
63.5 (25.0) 78.7 (31.0) 88.9 (35.0) 109.2 (43.0)
63.5 (25.0) Not limited 99.1 (39.0) Not limited 1.70  (0.067) | 1.78 (0.070)
73.7 (29.0) 914 (36.0) 104.1 (41.0) 129.5 (51.0)
83.8 (33.0) Not limited 129.5 (51.0) Not limited 2.03 (0.080) | 2.13  (0.084)
103.4 (38,00 1494 (47-0 1372 (54-0) 167.6 (66-0)
106.7 (420) Not limited 162.6 (64.0) Not limited 236  (0.093) [ .46  (0.097)
119.4 (4710) 149.9 (59.0) 172.7 (68.0) 213.4 (84.0)
132.1 (520) Not limited 203.2 (80.0) Not limited 2.74 ,'(0.108) | .82  (0.111)
152.4 (60}0) 188.0 (74.0) 2134 (84.0) 261.6 (103.0)
160.0 (63]0) Not limited 246.4 (97.0) Not limited 312  (0.123)| PB.20  (0.126)
185.4 (730) 228.6 (90.0) 261.6 (103.0) 322.6 (127.0)
@See7.4.2and7.4.3.
® The width is the smaller dimension of a rectangular sheet metal piece that is partofan enclosure. In some cases, adjacent

bnt surfaces not

netal and not

Thickness of Sheet Metal for Er.:-zlt:)lglzl:gs, Aluminum, Copper, or Brass
With supporting frame or equivalent
Without supporting frame?® reinforcing?

Maximum width®, Maximum'length®, Maximum width®, Maximum length®, Minimyim thickness,
cm (inch) cm (inch) cm (inch) cm (inch) mm (inch)
76 (3.0) Not limited 17.8 (7.0) Not limited 0.58¢ (0.023)
8.9 (3.5) 10.2 (4.0) 21.6 (8.5) 24.1 (9.5)

10.2 (4.0) Not limited 25.4 (10.0) Not limited 0.74 (0.029)
12.7 (5.0) 15.2 (6.0) 26.7 (10.5) 343 (13.5)

15.2 (6.0) Not limited 35.6 (14.0) Not limited 0.91 (0.036)
16.5 (6.5) 20.3 (8.0) 38.1 (15.0) 45.7 (18.0)

20.3 (8.0) Not limited 48.3 (19.0) Not limited 1.14 (0.045)
24.1 (9.5) 29.2 (11.5) 53.3 (21.0) 63.5 (25.0)

30.5 (12.0) Not limited 71.1 (28.0) Not limited 1.47 (0.058)
35.6 (14.0) 40.6 (16.0) 76.2 (30.0) 94.0 (37.0)

457 (18.0) Not limited 106.7 (42.0) Not limited 1.91 (0.075)
50.8 (20.0) 63.5 (25.0) 114.3 (45.0) 139.7 (55.0)

63.5 (25.0) Not limited 152.4 (60.0) Not limited 2.41 (0.095)
737 (29.0) 91.4 (36.0) 162.6 (64.0) 198.1 (78.0)

Table 7.3 Continued on Next Page
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Table 7.3 Continued

With supporting frame or equivalent
Without supporting frame? reinforcing?

Maximum width®, Maximum length®, Maximum width®, Maximum length€, Minimum thickness,
cm (inch) cm (inch) cm (inch) cm (inch) mm (inch)
94.0 (37.0) Not limited 221.0 (87.0) Not limited 3.10 (0.122)

106.7 (42.0) 134.6 (53.0) 236.2 (93.0) 289.6 (114.0)

132.1 (52.0) Not limited 312.4 (123.0) Not limited 3.89 (0.152)

1524 (60.0) 188.0 (74.0) 330.2 (130.0) 406.4 (160.0)

2See7.4.2and 243

surfaces of an

°"Not limited" a
normally remov.

9 Sheet copper,

b The width is th smaller dimension of a rectangular sheet metal piece that is part of an enclosure. In some cases) deacent

closure have supports in common and are made of a single sheet.

plies only where the edge of the surface is flanged at least 12.7 mm (1/2 inch) or fastened'to adjace
bd in use.

brass, or aluminum for an enclosure intended for outdoor use shall not be less than’0.74 mm (0.029

ht surfaces not

nch) thick.

7.4.3 With 1
frame when if]

a) An
b)As
c)Asi

d) An
7.5 Nonme

7.5.1 A poly
Standard for

Exception: A
Equipment, U

7.5.2 Wherg
of the instrum

eference to 7.4.2 and Table 7.2 and Table 7.3, a construction does not have
is:

bnclosure formed or fabricated from sheet metal,
ngle sheet with single formed flanges or formed edges,
hgle sheet that is corrugated or ribbed, or

enclosure surface loosely attached toa frame, for example, by spring clips.
allic enclosures

meric enclosure or polymeric part of an enclosure shall comply with the require
Polymeric Materials — Us€in Electrical Equipment Evaluations, UL 746C. See 7 ]

polymeric enclesure which complies with the Standard for Enclosures
L 50, is not required to be investigated for compliance with UL 746C.

an elecCtrical instrument, such as a meter, forms part of the enclosure, the fac
ent hiousing, or both together, shall comply with the requirements for an enclosu

a supporting

ments in the
b.3.

for Electrical

B or the back
e.

Exception: A

i withthe-Stamard-for-Fiectical-Amatogt et

1437, complies with this requirement.

ard Type, UL

7.5.3 The requirementin 7.5.1 does not apply to a nonmetallic part that forms part of the enclosure under
any one of the following conditions:

a) The part covers an opening that has no dimension greater than 25.4 mm (1 inch) and the part is
made of a material Classed as V-0, V-1, V-2, or HB, in accordance with the Standard for Tests for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94,

b) The part is made of a material Classed V-0, V-1, V-2, or HB and covers an opening which does
not give access to the user, when the part is removed, to live parts involving a risk of fire, electric

shock,

or electric energy-high current levels or moving parts.
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c) The part covers an opening that has no dimension greater than 101.6 mm (4 inches) and the
part is made of a material Classed as V-0, V-1, V-2, or HB, and there is no source of a risk of fire
closer than 4 inches from the surface of the enclosure, or

d) The part is made of a material Classed V-0, V-1, V-2, or HB and there is a barrier or a device that
forms a barrier made of a material Classed V-0 between the part and a source of a risk of fire.

Exception: A part of a component is not required to be Classed V-0, V-1, V-2, or HB when it complies with
the flammability requirements applicable to the component. See Components, Section 3.

7.5.4 A nonmetallic enclosure intended for connection to a rigid conduit system shall comply with the
Polymeric Enclosure Rigid Metallic Conduit Connection Tests in the Standard for Enclosures for Electrical
Equipment, YL 50.

7.6 Openings covered by glass

7.6.1 Glasg
displaced in

covering an opening shall comply with 7.6.2, shall be secured in,place so that i
service, and shall provide mechanical protection for the enclosed parts.

is not readily

7.6.2 Glasg for an opening:

a) Nat more than 102 mm (4 inches) in any dimension shall not be less than 1.6 m
thick,

b) Gl

in arda and having no dimension greater than, 805 mm (12 inches), shall not be less

(1/8i

c) Gl
and:

3ss for an opening other than described in (a).and not more than 929 cm? (144 s
Ich) thick, and

ss used to cover an area greater-than described in (b) shall not be less than

1) Shall be of a nonshattering or tempered type that, when broken, com
Performance Specifications and Methods of Test for Safety Glazing Mat
Buildings, ANSI Z97.1-1984 (R1994), or

2) Shall withstand a 3.38 joules (2-1/2 ft-Ibf) impact from a 50.8-mm (2-inch)
gram (1.18vwpound) steel sphere without cracking or breaking to the extent t

m (1/16 inch)

guare inches)
than 3.2 mm

3.2 mm thick

blies with the
erial Used in

Hiameter, 535
nat a piece is

dislodged.from its normal position.

7.6.3 Infrargd viewports shall comply with the Outline of Investigation for Infrared Viewports, UL 50V.

7.7 Openings for wiring system connections

7.7.1  Where threads for the connection of conduit are tapped all the way through a hole in an enclosure
wall, or where an equivalent construction is employed, there shall not be less than three, or more than five
threads in the metal; and the construction of the enclosure shall be such that a conduit bushing is
attachable as intended. Where threads for the connection of conduit are not tapped all the way through a
hole in an enclosure wall, conduit hub, or a similar component; there shall not be less than 3-1/2 threads in
the metal, and there shall be a smooth, rounded inlet hole for the conductors equivalent to that provided by
a standard conduit bushing and the hole shall have an internal diameter that corresponds with the
applicable trade size of rigid conduit.

7.7.2 Clamps and fasteners for the attachment of conduit, electrical metallic tubing, armored cable,
nonmetallic flexible tubing, nonmetallic-sheathed cable, service cable, or equivalent, that are supplied as a
part of an enclosure shall comply with the Standard for Conduit, Tubing, and Cable Fittings, UL 514B.
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7.7.3 A knockout in a sheet-metal enclosure shall be secured and shall be removable without undue
deformation of the enclosure.

7.7.4 A knockout shall be provided with a flat surrounding surface so a conduit bushing of the
corresponding size seats as intended. A knockout intended to be used for installation purposes, shall be
located so that installation of a bushing does not result in spacings between uninsulated live parts and the
bushing of less than required in Spacings, Section 26.

7.7.5 In measuring a spacing between an uninsulated live part and a bushing installed in a knockout as
specified in 7.7.4, it is to be assumed that a bushing having the dimensions specified in Table 5.4 is in
place, in conjunction with a single locknut installed on the outside of the enclosure.

Table 5.4
Knockout or Hole Sizes and Dimensions of Bushings
Trade size df Bushing dimensions
conduit, Knockout or hole diameter Overall diameter Height
Inch mm (inch) mm (inch) mm (inch)
1/2 222 (718) 25.4 (1) 9.5 (318)
3/4 27.8 (1-3/32) 31.4 (1={5/64) 10.7 (27/64)
1 345 (1-23/64) 40.5 (1-19/32) 13.1 (33/64)
1-1/4 43.7 (1-23/32) 49.2 (1-15/16) 14.3 (9/16)
1-1/2 50.0 (1-31/32) 56,0 (2-13/64) 15.1 (19/32)
2 62.7 (2-15/32) 68.7 (2-45/64) 15.9 (5/8)
2-1/2 76.2 (3) 81.8 (3-7/32) 19.1 (3/4)
3 92.1 (3-5/8) 98.4 (3-7/8) 20.6 (13/16)
3-1/2 104.8 (4-1/8) 127 (4-7/16) 23.8 (15/16)
4 17.5 (4:5(8) 126.2 (4-31/32) 25.4 (1
4-1/2 130.2 (51/8) 140.9 (5-35/64) 27.0 (1-1/16)
5 142.9 (5-5/8) 158.0 (6-7/32) 30.2 (1-3/16)
6 171.5 (6-3/4) 183.4 (7-7/32) 31.8 (1-1/4)
7.7.6 For an enclosure not provided from the factory with conduit openings or knockouts, |[spacings not
less than the[minimum’ required in this Standard shall be provided between uninsulated livg parts and a
conduit bushjngsinstalled at any location on the enclosure. Permanent marking on the jenclosure, a
template, or g full*scale drawing furnished with the unit is usable to limit such a location.

7.7.7 A plate or plug for an unused conduit opening or other hole in the enclosure shall have a thickness
not less than:

a) 0.36 mm (0.014 inch) for steel or 0.48 mm (0.019 inch) for nonferrous metal for a hole having a
6.4-mm (1/4-inch) maximum dimension, and

b) 0.69-mm (0.027-inch) steel or 0.81-mm (0.032-inch) nonferrous metal for a hole having a 34.9-
mm (1-3/8-inch) maximum dimension.

A closure for a larger hole shall have a thickness equal to that required for the enclosure of the unit or a
standard knockout seal shall be used. Such plates or plugs shall be securely mounted.
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7.7.8 An opening in an environmental rated enclosure shall be closed with components having the
applicable environmental ratings as specified in Table 5.5.

Table 5.5
Openings in Environmental Rated Enclosures
Enclosure type Openings shall be closed by components rated for enclosure types

2 2,3,3R,3S,4,4X,6,6P, 12, 12K, 13

3 3S, 4, 4X, 6, 6P

3R 3,3S,4,4X,6,6P

OO 9, &, 4K, 0, or

4 4,4X, 6, 6P

4X 4X

6 6, 6P

6P 6P
12, 12K 12, 12K, 13

13 13

7.8 Openings for ventilation
7.8.1 Gengepral

7.8.1.1 Thqg enclosure of a unit shall be constructedo protect the unit against the emisgion of flame,
molten metal, flaming or glowing particles, or flamingdrops from the enclosure.

7.8.1.2 Barfiers shall be provided behind all ventilating openings into medium-voltage cpmpartments.
The barrier ghall be effectively secured in place and shall be positioned such that a straight line (of zero
diameter) may not be drawn from any point outside of the equipment, through the ventilatign opening, to
any insulated or uninsulated live part. Removable ventilation filters shall not be considered [as barriers to
meet this requirement.

7.8.2 Ventijation openings in‘enclosure bottoms

7.8.2.1 Thqg requirement in 7.8.1.1 necessitates a complete noncombustible bottom or g construction
employing individual noncombustible barriers as specified in Figure 5.1, under components, groups of
components|or assemblies.

Exception No. T Ventilation openings provided In the botftom of an enclosure meet the intent of the
requirement where noncombustible baffle plates are provided to obstruct or deflect materials from falling
directly from the interior of the unit onto the supporting surface or other locations under the unit. An
example of a baffle that meets the intent of this requirement is illustrated in Figure 5.2.

Exception No. 2: Ventilation openings provided in the bottom of an enclosure meet the intent of the
requirement where the openings are covered by a perforated metal plate as described in Table 5.6, or
where a galvanized or stainless steel screen having a 14- by 14-mesh per 25.4 mm (1 inch) constructed of
wire with a diameter of 0.5 mm (0.018 inch) minimum is used.

Exception No. 3: The bottom of the enclosure under areas containing only materials Classed V-1 or better
in accordance with the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94, are able to have openings no larger than 6.4 mm (1/4 inch) square. Openings that are
not square shall not have an area greater than 40 mm? (1/16 square inch).
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Exception No. 4: Ventilation openings without limitation on their size and number that comply with 11.7
meet the intent of the requirement where the openings are only in the bottom panel in areas:

a) That contain only wires, cables, plugs, receptacles, and transformers, and

b) In areas that contain low-voltage, limited-energy (LVLE) circuits.

Exception No. 5: Ventilation openings are provided in the bottom of an enclosure meet the intent of the
requirement where the openings incorporate an expanded metal mesh as described in 7.8.5.
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Figure 5.1
Baffle Plates

EB110A

NOTES -

A. The entire component under which a barrier (flat or dished with or without a lip or other raised edge) of noncombustible material is
to be provided. The sketch (Figure 5.1) is of an enclosed component with ventilation openings showing that the protective barrier is
required only for those openings through which flaming parts are able to be emitted. When the component or assembly does not
have its own noncombustible enclosure, the area to be protected is the entire area occupied by the component or assembly.

B. Projection of the outline of the area of A that requires a bottom barrier vertically downward onto the horizontal plane of the lowest
point on the outer edge D of the barrier.

C. Inclined line that traces out an area D on the horizontal plane of the barrier. Moving around the perimeter of the area B that
requires a bottom barrier, this line projects at a 50-degree angle from the line extending vertically at every point around the perimeter
of A and is oriented to trace out the largest area; however, an angle less than 50 degrees complies where the barrier or portion of the
bottom cover contacts a vertical barrier or side panel of noncombustible material, or where the horizontal extension of the barrier B to
D exceeds 152 mm (6 inches).

D. Minimum outline of the barrier; however, the extension B to D is not required to exceed 152 mm (6 inches) (flat or dished with or
without a lip or other raised edge). The bottom of the barrier is able to be flat or formed in any manner where every point of area D is
at or below the lowest point on the outer edge of the barrier.
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Table 5.6
Perforated Metal Plates for Enclosure Bottom
Minimum spacings of holes center to
Minimum thickness, Maximum diameter of holes, center,
mm (inch) mm (inch) mm (inch)
0.66 (0.026) 1.14 (0.045) 1.70 (0.067), or
233 holes per 645 mm? (1 inch?)
0.66 (0.026) 1.19 (0.047) 2.36 (0.093)
0.76 (0.030) 1.14 (0.045) 1.70 (0.067)
0.76 (0.030) 1.19 (0.047) 2.36 (0.093)
0.81 (0.032) 1.91 (0.075) 3.18 0.125), or
72 holes per 645 mimf (1 inch?)
0.89 (0.035) 1.90 (0.075) 3.18 (0.125)
0.91 (0.036) 1.60 (0.063) 2.77 (0.109)
0.91 (0.036) 1.98 (0.078) 3.18 (0.125)
0.99 (0.039) 1.60 (0.063) 2.77 (0.109)
0.99 (0.039) 2.00 (0.079) 3.00 (0.118)
Figure 5.2

Example of Baffle Overlap

2X and not less

than 25 mm )
Baffle plates (either above

/:c: below bottom of fire enclgsure)

$ 11 | | | | |

Bottom of fire enclosurey

SB0853ll

7.8.3 Openings in enclosure tops

7.8.3.1  Openings in the top of an enclosure shall be located and sized to protect against the entry of
foreign objects. Openings directly over uninsulated live parts:

a) Shall not exceed 4.7 mm (0.187 inch) in any dimension,
b) Be configured as illustrated in Figure 5.3, or

c) Be constructed to provide equivalent protection against the entry of foreign objects.
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Figure 5.3

Cross Sections of Top-Cover Design

—

SLANTED OPENINGS

LLL

ECS00 VERTIGAL OPENINGS

7.8.4 Openings in enclosure sides
7.8.4.1 Alduver shall not be more than.305 mm (12 inches) long.

7.8.4.2 Thqg area of an opening‘covered by louvers, perforated sheet steel, or by expande@-metal mesh
that is thinnef than the enclosure shall not exceed 0.129 m? (200 square inches).

7.8.5 Expanhded metalimesh and screens

7.8.5.1 Thdg thickness of perforated sheet steel and sheet steel employed for expanded-mefal mesh used
to cover an gpening in the enclosure shall comply with of Table 5.7.

Exception: Thicknesses less than specified in Table 5.7, and not less than specified in Table 5.8 meet the
intent of the requirement where:

a) The indentation of the material does not adversely affect performance or reduce spacings to live
parts below the minimum values specified in Spacings, Section 26, or Alternate Spacings-
Clearances and Creepage Distances, Section 27, and

b) The opening has an area of not more than 464.5 cm? (72 in®) and no dimension greater than
304.8 mm (12 inches), or

¢) The width of the opening is not greater than 88.9 mm (3-1/2 inches).
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Table 5.7
Minimum Thickness of Expanded Metal Mesh

Uncoated, Zinc coated, mm (inch)
Opening area mm (inch) mm (inch)
Maximum 323 mm? (0.5 in?) or less 1.07 (0.042) 1.14 (0.045)
More than 323 mm? (0.5 in?) 2.03 (0.080) 2.13 (0.084)
Table 5.8
Minimum Thickness of Expanded Metal Mesh
Uncoated, Zinc coated,
mm (inch) mm (ingh)
0.51 (0.020) 0.61 (0.0p4)
7.8.5.2 The|diameter of the wires of a screen shall not be less than 1.30 mm (0.051 inch) where the

screen openi

screen openings.

7.8.6 Barrig

7.8.6.1 Unlg
switch, fuse,
and the sourg

7.8.6.2 The
arcing part p3

mm (0.25 inclp) outside of the edge of the yentilation opening.

7.8.6.3 Ash
mm (0.056 in

Exception: A
rigidity are ng

specified thic

7.9 Envirorn

ngs are 323 mm? (0.5 in?) or less in area, and not less than'2)06 mm (0.081 in

rs used with ventilation openings in low voltagé) compartments

Circuit breaker or a similar source, a barriershall be placed between the ventilg
e of arcing.

barrier shall be of such dimensions and so located that any straight line dr
st the edge of the barrier intersects a point in the ventilation opening plane that

Ch) thick when zincsgc@ated, or 1.19 mm (0.075 inch) thick when aluminum.

metal barrier.of-thinner material meets the intent of the requirement when its
t less thanythat of flat sheet steel having the same dimensions of the barrier an
ness.

mental rated enclosures

ch) for larger

ss a ventilation opening is located at least 305%mm (12 inches) from an arcing part, such as a

tion opening

awn from an
s at least 6.4

eet-metal barrier shall not'be less than 1.35 mm (0.053 inch) thick when uncoaté¢d steel, 1.42

strength and
d having the

7.91
Type number

or numbers with which it is marked.

An enclosure shall comply with the construction requirements applicable to an enclosure of the

7.9.2 An environmental type connection, such as a watertight connection at a conduit entrance, shall be
a conduit hub or the equivalent, such as a knockout or fitting, located so that when conduit is connected
and the enclosure is mounted in the intended manner, the enclosure complies with the tests specified in
the Enclosure Types Table, in the Standard for Enclosures for Electrical Equipment, UL 50.

7.9.3 Type 3, 3R, and 3S enclosures shall comply with the Rain and Sprinkler Tests, Section 64.

7.9.4 A Type 2 enclosure shall have provision for drainage of water and shall have a threaded conduit
hub or the equivalent for the connection of conduit in the top or sidewalls.
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Exception No. 1: A threaded conduit hub or the equivalent is not required where the conduit connection
opening is wholly below the lowest terminal lug or other live part within the enclosure. See 66.33.

Exception No. 2: A conduit hub or fitting is not required when information is provided in accordance with

66.31.

7.9.5 AType 3 enclosure shall have:

a) A threaded conduit hub or the equivalent for a watertight connection at conduit entrances — see

7.9.2,

b) A mounting means external to the equipment cavity, and

c) Prg
Exception: A

7.9.6 ATyp

a)At
7.9.2

b) Prg

c) Prq

Exception N
opening is w
66.33.

Exception N
66.31.

7.9.7 ATyp

a)At
7.9.2

b)An

c) Prq

vision for locking a door, when a door is provided.
conduit hub or fitting is not required when information is provided in accordance

e 3R enclosure shall have:

hreaded conduit hub or the equivalent for a watertight conneetion at conduit en

vision for drainage of water, and

vision for locking a door, when a door is provided:

b. 1: A threaded conduit hub or the equivalent is not required where the cond
holly below the lowest terminal lug or other live part intended for use within the e

. 2: A conduit hub or fitting-is_not required when information is provided in ac

e 3S enclosure shall‘have:

hreaded conduit fidb or the equivalent for a watertight connection at conduit en

nounting means external to the equipment cavity,

vision for locking a door, when a door is provided, and

with 66.31.

frances — see

it connection
hclosure. See

rordance with

frances — see

d) Operating mechanisms that support the additional weight of ice and that withstand the removal
of ice by means of a hand tool used to gain access to the interior of the enclosure when ice is
present. Auxiliary means are able to be provided to break the ice and to enable operation of
external mechanisms.

Exception: A conduit hub or fitting is not required when information is provided in accordance with 66.31.

7.9.8 AType4,4X, 6, 6P, or 11 enclosure shall have a conduit hub or the equivalent mounted in place to
provide a watertight connection at conduit entrances and shall have mounting means external to the
equipment cavity — see 7.9.2.

Exception No. 1:

information is provided in accordance with 68.2.4.

The watertight conduit connection is not required to be mounted in place when
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Exception No. 2: A hub or a fitting is not required to be provided or installed on a Type 4 or 4X enclosure
when instructions are provided as specified in 68.2.6.

7.9.9 A Type 12 enclosure shall have no conduit knockout or conduit opening and no hole through the
enclosure other than a hole for a Type 12 mechanism, or the equivalent. A gasket, when provided, shall be
oil resistant.

Exception: A Type 12 enclosure is able to employ a conduit opening when the enclosure is marked in
accordance with 66.35.

7.9.10 AType 12K enclosure is to be as specified in 7.9.9, unless it has knockouts located in the top or

or-both

bottom walls,

7911 ATy
mounting, sh
knockout or U
provisions for

7912 A g4

pe 13 enclosure shall have oil-resistant gaskets and, when intended férywal
pll have a mounting means external to the equipment cavity. There shall b

oiltight connections.

sket of an elastomeric or thermoplastic material or a. composition gaskef

elastomeric material employed to comply with the requirements for a Type 2, 3, 3R, 3S, 4, 4

12, 12K, or 13
Electrical EqU

7.9.13 Whe
intended for U
shall meet thed

a) The

b) All
compq

Excep
when
rated

c) Ins
config

enclosure shall comply with the Gasket Tests, Section43, in the Standard for E
ipment, UL 50.

N a component, such as a pilot light, a disconnect, a pushbutton, or similar
se with a Type designated environmental enclosure is used with a specific Type
following:

component has been evaluated fonits’'intended use installed on a representativ

nardware, gaskets, or other parts'required to complete the installation are prov
nent.

tion: Hardware, gaskets, or other parts are not required to be provided with th
they are available from the component manufacturer in the form of a kit and a
or the application.

tallation instructions including such information as mounting hole locati
Liration, and-similar information, are provided on the component, in the compon

or on & stuffer'sheet.

d) The

component, its carton, or accompanying instruction sheet shall be marked or

or machine
B no conduit

nsealed opening providing access to the equipment cavity. All conduit openings shall have

utilizing an
1X, 6, 6P, 11,
nclosures for

component,
enclosure, it

e enclosure.

ided with the

e component
re marked or

on, opening
ent package,

rated for use

on a flat surtface of the specific type enclosure in the construction.

7.9.14 A drain hole shall be provided on all units to prevent the accumulation of water above a level that
results in the wetting of an electrical part or opening for the connection of conduit or for an auxiliary part
under all mounting orientations specified by the installation instructions. The hole shall be as specified in
Table 5.9.

Exception: A unit that has been subjected to the Rain and Sprinkler Tests, Section 64, is not required to be
provided with a drain hole where no water enters the fixture.
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Table 5.9
Size of Drain Holes
Opening Minimum dimension Minimum area Maximum dimension Maximum area
shape mm (inch) mm?2 (inch?) mm (inch) cm? (inches?)
Slot 3.2 (1/8) 7.74 (0.012) 9.6 (3/8) 9.68 (1-1/2)
(width) (width)
Square 32 (1/8) - 12.7 (112) -
(side) (side)
Round 3.2 (1/8) - 12.7 (112) -
(diameter) (diameter)
Irregular - 7.74 (0.012) - 9.68 (1-1/2)
8 Protectign Against Corrosion
8.1 Iron ang steel parts shall be protected against corrosion by enameling, galvanizing, plating, or other

equivalent n
mechanical g

Exception Nq

eans. This applies to all springs and other parts which are ‘relied upon for
peration.

. 1: Parts such as bearings and thermal elements for which such protection is i

Exception N@. 2: Small minor parts of iron or steel such aswashers, screws, or bolts that af

carrying and
does not res

Exception N¢
9 Mechani
9.1

A unit g

9.2 A switg
turning or sh

Exception: Tl

a) Th
is suhb

are not in the equipment grounding conductor, path, when corrosion of such unp
Uit in a risk of fire, electric shock, or injury‘to.persons.

. 3: Parts made of stainless steel.
cal Assembly
hall be assembled so that-it is not adversely affected by the vibration of normal o

h, a fuseholder, (or) a lampholder shall be securely mounted and shall be pr
fting in its mountihg panel.

he requjrement that a switch be prevented from turning or shifting does not apply

b swjtch is a plunger, slide, or other type that does not rotate when operated. A

the intended

npracticable.

e not current-
rotected parts

peration.

evented from

where:

toggle switch

’

jected to forces that tend to turn the switch during normal operation of the switch

b) Means for mounting the switch prevents the switch from loosening during operation,

¢) Spacings are not reduced below the minimum specified in Spacings, Section 26, or Alternate
Spacings-Clearances and Creepage Distances, Section 27, when the switch rotates, and

d) Normal operation of the switch is by mechanical means rather than by direct contact by persons.

9.3 With reference to 9.2, friction between surfaces shall not be the sole means to prevent shifting or
turning of live parts for a device having a single-hole mounting means. An additional means such as a lock
washer applied as intended shall be used.
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10 Mounting

10.1 Provision shall be made for securely mounting a unit in position. Bolts, screws, or other parts used
for mounting a unit shall be independent of those used for securing components to the frame, base, or
panel.

Exception: A provision for mounting is not required for a floor supported or freestanding unit. See Stability,
Section 61.

10.2 A keyhole slot for a mounting screw shall be provided with at least one round hole for
accommodation of a permanent mounting screw. A keyhole slot shall be arranged SO that a wall-mounting

screw does

d in Spacrngs Sectron 26, or AIternate Spacrngs - Clearances and Creepag

s to less than

those specifig e Distances,
Section 27.
10.3 A unit ghall not be provided with casters unless the casters are used solely for transpqrting the unit

and the unit i
the unit is pro

11 Protecti

11.1 The re
service perso

1.2 To red
uninsulated li

moving part; an opening in an enclosure shall comply*with (a) or (b):

a) For
wire s

b) For
space

5 provided with four leveling feet that are intended to be loweredafter the unit
vided with an equivalent means for securing the unit in position,

bn of Users — Accessibility of Uninsulated Live Parts

fuirements in this Section apply to a part that is¢accessible to the user. For
hnel, see Protection of Service Personnel, Section. 12.

Lice the potential for unintentional contactdhat involves a risk of electric sh
ve part or film-coated wire; electrical energy — high current levels; or injury to ps

an opening that has a minor dimension (see 11.5) less than 25.4 mm (1 inch
nall not be contacted by the probe illustrated in Figure 11.1.

an opening that has a minor dimension of 25.4 mm (1 inch) or more, the part or
H from the opening as specified in Table 11.1.

s installed or

protection of

ock from an
rsons from a

), the part or

wire shall be
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Figure 11.1

Accessibility Probe
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Table 11.1

Minimum Distance from an Opening to a Part That Involves a Risk of Electric Shock, Electrical

Energy-High Current Levels, or Injury to Persons

Minor dimension of opening®? Minimum Distance from opening to part®
mm (inch) mm (inch)
254 (1) 165.0 (6-1/2)
31.8 (1-1/4) 190.0 (7-1/2)
38.1 (1-1/2) 318.0 (12-1/2)
47.6 (1-7/8) 394.0 (15-1/2)
54 0 (’) 1/')) 4440 (17 1/2)
) 762.0 3p)

@See 11.5.

b Between 25.4and 54.0 mm, interpolation is to be used to determine a value between values specifiedjin thé table.

¢ More than 54.p mm, and not more than 152.0 mm (5.98 in).

11.3 The pr
and shall be 1
required to e
required, the

11.4 The pr

bbe illustrated in Figure 11.1 shall be applied to any depth thatthe opening acq
ptated or angled before, during, and after insertion through:the opening to any p
amine the enclosure. The probe shall be applied in any possible configuratio
configuration shall be changed after insertion through.the opening.

bbe specified in 11.3 shall be used as a measuring instrument to investigate thg

ommodates;

Dsition that is
h; and, when

accessibility

provided by an opening, and not as an instrument to investigate the strength of a material; it shall be

applied with g

11.5 With rg
cylindrical prg

11.6 The te
enclosure, sh

maximum force of 4.4 N (1 pound).

ference to 11.2, the minor dimension“of an opening is equal to the diameter
be that is able to be inserted through the opening.

5t pin illustrated in Figure J44+2, when inserted as specified in 11.3 through an @
all not touch any uninsulated live part that involves a risk of electric shock.

bf the largest

pening in an
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Figure 11.2
Test Pin
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—

!
25 |10 - — - —
+0.2 | {

S2962 Dimensions in millimeters

11.7 The probe shown in Figure 11.1 and the-test pin shown in Figure 11.2 are to be insertefl as specified
in 11.3 into gll openings, including those in-the bottom of the unit. The unit is to be positiongd so that the
entire botton] is accessible for insertion'of the probe.

Exception: Hor openings in the-hottom of a floor-standing unit, the probe and test pin afe only to be
inserted into|openings that are_accessible without tipping, turning over, or otherwise moving the unit from
its intended installed position.

11.8 During the examination of a unit to determine compliance with 11.2 through 11.7,|a part of the
enclosure that is able to be opened or removed by the user without using a tool (to attach anfaccessory, to
make an opgrating adjustment to give access to a fuse or other overload protective device a described in
7.2.1, or for ¢ 8aSso thumb screw,
that is able to be turned by hand does not require the use of a tool.

11.9 For medium voltage applications, interlocking is required by Interlocking of Medium Voltage
Equipment, Section 15A, and barriers are required in accordance with 7.8.1.2 to be placed behind
ventilation openings to prevent user access to medium voltage components, equipment and circuits.

12 Protection of Service Personnel

12.1  The requirements in this Section apply to the protection of service personnel who reach over, under,
across, or around uninsulated electrical parts or moving parts to make adjustments or measurements
while the unit is energized. For requirements covering protection of users, see Protection of Users —
Accessibility of Uninsulated Live Parts, Section 11.
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Exception: Performing service in medium voltage compartments when the equipment is energized is not
possible based on the interlocking requirements of Interlocking of Medium Voltage Equipment, Section
15A.

12.2 Live parts shall be arranged and covers located to reduce the risk of electric shock or electrical
energy-high current levels while covers are being removed and replaced.

12.3 An uninsulated live part involving a risk of electric shock or electrical energy-high current levels and
a moving part that involves a risk of injury to persons shall be located, guarded, or enclosed to protect
against unintentional contact by service personnel adjusting or resetting controls, or similar actions, or
performing mechanical service functions that are performed with the equipment energized, such as

lubricating a motor, adjusting the setting of a control with or without marked dial settings, r

mechanism, ¢

12.4 Live parts involving a risk of electric shock or electrical energy-high current levels an

the back side
by service pe

12.5 A com
energized sh
metal parts s
risk of electri
Access to a ¢

12.6 For an

protection shall be provided against inadvertent contactwith adjacent uninsulated live parts in

of electric shq
to be taken in

a) Log
shock

b)Ag

12.7 Alive leat sink for a selid-state component, a live relay frame, and similar component

risk of electrig
guarded to p
with 67.4.

Exception: TH

r operating a manual switch.

of a door shall be guarded or insulated to protect against unintentional contact v
rsonnel.

ponent that requires examination, resetting, adjustment,, setvicing, or maintg
bl be located and mounted with respect to other components and with respect
p that it is accessible for electrical service functions without subjecting service p
shock, electrical energy-high current levels, or injury/to persons by adjacent 1
bmponent shall not be impeded by other components or by wiring.

adjustment that is to be made with a screwdriver or similar tool when the unit

ck. Misalignment of the tool with the adjustment means when an adjustment is
fo account. This protection is able to'e provided by:

ation of the adjustment means*away from uninsulated live parts involving a ri
or

bard to reduce the potential for the tool contacting uninsulated live parts.

al shock or electrical energy-high current levels, which is mistakable for dead mnj
otect against*unintentional contact by service personnel or shall be marked ir

is requirement does not apply to a heat sink mounted on a printed wiring board.

setting a trip

d located on
vith live parts

nance while
to grounded
ersonnel to a
noving parts.

S energized,
volving a risk
attempted is

sk of electric

5, involving a
etal, shall be
accordance

12.8 A moving part that involves a risk of injury to persons and that must be in motion during service
operations not involving the moving part shall be located or protected against unintentional contact with
the moving parts.

12.9 Reduction of the risk of electric shock and injury to persons is able to be accomplished by mounting
control components so that unimpeded access to each component is provided by an access cover or
panel in the outer cabinet.
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13 Electric Shock

13.1 Voltage

13.1.1 The requirements described in 13.1.2 — 13.2.2 are to be used to determine whether or not the
voltage of an accessible live part involves a risk of electric shock.

13.1.2 A live part does not involve a risk of electric shock where the voltage of the part does not exceed
the values specified in Table 13.1.

Table 13.1
Risk of Electric Shock — Maximum Voltage
Outdoor-use units (high
Indoor-use units (low potential for wet contact —

Voltage type potential for wet contact) immersion npt included)
1. Sinusdidal ac 30Vrms 15Vrms
2. Nonsirusoidal ac 42.4V peak 21.2 V|peak
3. Pure de 60V 30[v
4. DC intgrrupted at a rate of 10 to 200 Hz 24 .8V peak 12.4 V|peak
5. Combihations of dc and sinusoidal ac at See Figlre\3.1 See Figyre 13.1

frequepcies not greater than 100 Hz



https://ulnorm.com/api/?name=UL 1741 2023.pdf

40 UL 1741 MAY 19, 2023

Figure 13.1
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13.2 Stored energy

13.2.1 The capacitance between capacitor terminals that are accessible as determined in accordance
with Protection of Users — Accessibility of Uninsulated Live Parts, Section 11, and Protection of Service
Personnel, Section 12, shall satisfy the following expressions:

V < 40,000 where C <0.00328
V <729 Co7 where 0.00328 < C < 2.67
V < 367 where 2.67<C<13.9
V <2314 C07 where 13.9 < C < 184.5 in a DRY environment
V <60 where C = 184.5 in a DRY environment
V <2314 CP7 where 13.9 < C < 497 in a WET environment
V<30 where C =497 in a WET environment
in which:

C is the capacitance of the capacitor in microfarads, and

V is the voltage across the capacitor. The voltage is to bg measured in accordarce with 60.1.
Typical calculated values are specified in Table 13.2,<and the equation is shown graphically in

Table*13.2
Risk of Electric Shock = Stored Energy Current
Maximum voltage across the capacitor, in volts
Envirpnment Capacitance in-microfarads peak
0:00328 or less 40,000
0.005 29,749
0.01 18,313
0.02 11,273
Wetlor Dry 0.05 5,936
0.1 3,654
0.2 2,249
0.5 1,184
1.0 729
2.0 449
20 449
2.67t013.9 367
20.0 284
50.0 150
100.0 92.1
184.5 60.0
Dry only 184.5 or more 60.0
Wet 200 56.7
497 or more 30.0
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Figure 13.2
Voltage Limits Across Capacitors
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13.2.2 With|reference to 13.2.1, a part_involving a potential of more than 40 kilovolts peak shall be

investigated t

13.2.3 A me
that it does n
electric shoc
Voltage Dete
high current
equation:

b determine whether or not itinvolves a risk of electric shock.

ans such as a bleeder resistor shall be provided to drain the charge stored in a
ot provide a risk oftelectric shock or a risk of electrical energy-high current le
exists when the-voltage across the capacitor, determined in accordance w
mination Test, Section 60, exceeds the limits specified in 13.1.2. A risk of elec
level exists“When the stored energy exceeds 20 joules as determined by

J=5x107 cv?

capacitor so
vel. A risk of
th Capacitor
rical energy-
he following

in which:

Jis the stored energy in Joules,
C is the capacitance in microfarads, and

Vis the voltage determined in accordance with Capacitor Voltage Determination Test, Section 60.

Exception No. 1: The requirement does not apply where:

a) A tool is required to remove a panel to reach the capacitor or accessible uninsulated portions of
the associated circuit,
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b) The time required to discharge the capacitor is within the limitations specified in 13.2.1 and is
less than 5 minutes, and

c) The

Exception No.

a) The

unit is marked as specified in 67.11.

2: The requirement does not apply where:

unit is marked in accordance with 67.12, and

b) The unit is provided with a built-in, insulated circuit that discharges the capacitor or capacitor
bank by the actuation of a switch or by plugging in a connector. When a connector or a non-
momentary type switch is used, the circuit assembly shall be constructed and evaluated for

t' ' 1AL s 4 tala ol il it
contiptrottsoperattor—vvnetramomentatytype-swierntsusSea,tne-capactiorotrcapac

be digcharged to levels in accordance with Table 13.2 within 1 minute.

Exception N¢. 3: The requirement does not apply where:

a) The capacitor terminals and all parts connected to these terminals. are insulat
againist contact with these terminals and parts by the serviceman, and

b) A dautionary marking in accordance with 67.13 is provided.

13.24 Any

devices that|may store energy (e.g. batteries, capacitors, etc.) shall comply with 97.1.10 an

markings andl

14 Switches and Controls

14.1 An ac
those of the

14.2 A primary-circuit switch that controls an inductive load having a power factor less thg
and that doe$ not have an inductive rating, shall:

a) Be[rated not less thaniwice the maximum load current under normal operating con

b) Belinvestigated for.the application.

14.3 A swifch used to connect a load to various sources or potentials shall be rated for s

equipment connecting to a controlled conductor,0f PV source or output cir

instructions in accordance with 101.3 and 102.4:

tor bank shall

ed to protect

uits and has
d provide the

or dc switch or similar control device shall have current and voltage ratings |not less than

ircuit that it controls when the unitjis operated in its intended manner.

n 75 percent,

ditions, or

lch use. This

phases.

includes a switch used for switching a voltmeter, frequency meter, or power factor meter befween various

14.4 A switch or other device controlling a relay coil, solenoid coil, or similar coil load shall have a pilot-

duty rating.

Exception: A

device as described in 14.5 is not required to have a pilot duty-rating.

14.5 A device that is rated for across-the-line motor starting of an alternating current motor is usable for
alternating current pilot-duty without further tests when the power factor is 0.5 or less and the overload
current is at least 150 percent of the pilot-duty inrush current at the same voltage. Switching devices rated
in accordance with Table 14.1 are in compliance with this requirement.
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Table 14.1
Horsepower Rating Versus Pilot Duty Rating

Horsepower rating 1-phase (120 — 600 volts)

AC pilot-duty rating

110
12
1

125 VA (light duty)
360 VA (standard duty)
720 VA (heavy duty)

14.6 Each pole of a snap switch rated as a 2-circuit, 3-circuit, or multi-circuit switch is not prohibited from
controlling a separate Ioad at the fuII voltage rating of the switch. Each pole of a snap switch rated as a

240-volt, 2-pole

prohibited fro
volt, 3-pole s
poles are not

147 A 240
rated for such

14.8 A switd

Exception Nq.

disconnects 3

Exception No
the groundeq
disconnected|

14.9 A bypas
shall comply

Exception: A
not required t

14.10 With

this Standard
switches in th
Equipment, U

) O0dd., dNg DoLn
M controlling both Iegs of a single 240- volt Ioad Each pole of a snap switcha
vitch is not prohibited from controlling a separate load not exceeding 139 yolis

prohibited from controlling the three legs of a 3-phase, 240-volt load.

volt or 250-volt snap switch used in a circuit involving more than 120 volts to gr
use.

h shall not disconnect the grounded conductor of a circuit;

1: The grounded conductor is able to be disconnected by a switch that sil
Il conductors of the circuit.

conductor is not disconnected until the\tngrounded conductors of the circuj

ss switch or maintenance bypdss used to connect the load directly to the by
vith the Standard for TransferSwitch Equipment, UL 1008.

bypass switch or maintenance bypass complying with Load Transfer Test, Se
b comply with UL 1008. See 14.10.

eference to the.Exception to 14.9, a solid-state switch shall comply with the reg
A mechanical or electromechanical switch shall comply with the applicable req
e Standard for General-Use Snap Switches, UL 20, and the Standard for Induy
L 508.

14.11  Wher

poles are not
ed as a 240-

and the three

bund shall be

multaneously

2: The grounded conductor is able to be.disconnected by a switch that is so arranged that

it have been

pass source

ction 50.7, is

uirements in
Lirements for
strial Control

b3 unit switch _or circuit breaker is mounted such that movement of the Qpe.

ating handle

between the on position and off position results in one position being above the other position, the upper

position shall

be the on position.

Exception: This requirement does not apply to:

a) A switching device having more than one on position (such as a bypass switch),

b) A double throw switch,

c¢) A rotationally-operated switch, or

d) A rocker switch.
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15 Disconnect Devices

15.1 General

15.1.1 A disconnect device serving as an isolating device, equipment disconnect or system disconnect
means required by the NEC shall be evaluated to the requirements in this section.

15.1.2 A disconnect device shall open all conductors of the circuit to which it is connected that are not
solidly grounded.

Note: "Grounded" PV systems with overcurrent devices, resistors, etc. in the connection between the PV system and ground are
"functional grounded" systems. and the "functional grounded" conductors are not solidly grounded.

15.1.3 Syst
disconnectin

a)Co

b) En
behin

c) Be

Disconnect g
following tex

15.1.4 Equ
disconnectin

a)Co

b) En
toina

c) Be

Disconnect 4
following tex

15.2 Provision for locking

em Disconnecting Means: A device serving the function of the NEE-req
j means shall:

hsist of a manually operated switch or a circuit breaker,

ploy an actuating mechanism that is accessible from outside-of the enclosy
d a hinged cover not requiring a tool (other than a key) for apening, and

marked in accordance with 66.21 and 66.27.

ctuating mechanisms shall clearly indicate the operational status of the discor
“ON (CLOSED)” and “OFF (OPEN)” or symbols-in accordance with 66.21.

pment Disconnecting Means: A deviceiserving the function of the NEC-requir
) means shall:

nsist of a manually operated switch or a circuit breaker,

ploy an actuating mechanism that is capable of being operated without exposin
fdvertent contact with live.parts, and

marked in accordance with 66.21 and 66.27 to indicate its function.

ctuating mechanisms shall clearly indicate the operational status of the discor
“ON (CLOSED)” and “OFF (OPEN)” or symbols in accordance with 66.21.

uired system

re or located

nect with the

bd equipment

y the operator

nect with the

15.2.1

Isolating and disconnecting devices serving as the means of de-energization of external sources

of supply to the equipment, to facilitate safe servicing, shall have provision for being locked in the "off"
(open or de-energized) position.

15.3 Medium voltage disconnect devices (isolating means)

15.3.1 Med

ium voltage isolating means may be any one of the following:

a) A three-pole switch complying with IEEE C37.20.4;

b) A three-pole switch complying with IEEE C37.20.4; in mechanical combination with medium-
voltage fuses;

c) Metal-enclosed switchgear complying with IEEE C37.20.2, IEEE C37.20.3, or IEEE C37.20.9; or


https://ulnorm.com/api/?name=UL 1741 2023.pdf

46

UL 1741

MAY 19, 2023

c) A drawout assembly, complying with UL 347 or NEMA C37.54.

15.3.2 The medium voltage isolating means shall be:

a) Arranged to be operated from a location where the operator is not exposed to energized parts;

b) Arranged to open all ungrounded conductors of the main circuit simultaneously with one

operat

ion (gang operated); and

c) Interlocked with the medium voltage door in accordance with Interlocking of Medium Voltage
Equipment, Section 15A.

15.3.3 Whe
voltage comp
enclosure is

15.3.4 Any
be interlockeq

15.3.5 Alls
required to bg

a) Ban
energ

b) The
15.3.6 Medi
a) Be

b) Prg

and power frequency dielectric’test requirements of this standard;

c) Incl

been gstablished;

d) Be
the dis

e) Be
the dif

€ an enclosed 1sofating switch 15 focated Nside another outer enclosure, an
onents or wiring are accessible when accessing the isolating switch, the door
ot considered a medium voltage door.

oors of the inner enclosure that give access to medium voltage components o
with the switch in accordance with Section 15A.

vitch blades shall be de-energized when the switch is in the open position, unle
energized from both sides (e.g., bus-tie and loop-sectionalizing), in which case

Fiers or enclosures shall be installed over the switehes’for protection against co
zed switch blades; and

switch is marked in accordance with 67.8.

um voltage isolating means shall:
jang-operated so all poles are operated in a single operation;

vide the isolating distance of,the controller complying with the requirements o

ude position indication in accordance with 15.3.7 that verifies that the isolating

capable of interrupting the no-load current of all transformers connected to the
connecting means;

no medium
for the outer

r wiring shall

5S a switch is

htact with the

F the impulse

distance has

load side of

capable of interrupting the full-load current of any transformers connected to th

load side of

connecting means, unless interlocking with the secondary load circuits is providgd to prevent

opening the switch with a fransformer delivering second current;

f) Have provision for being padlocked in the open position;

g)Bei

nterlocked in accordance with Section 15A; and

h) Be arranged so that gravity will not cause movement towards the closed position.

15.3.7 Medium voltage isolating means shall provide visible evidence of an isolating distance in the
circuit adequate for the rated voltage complying with all of the following:

a) Isolating and load-break switches or drawout assemblies shall be provided with position
indicators indicating the fully closed and fully open positions.
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b) For drawout type isolating means, the isolation gap or a mechanically operated indicator shall be
visible through a viewing pane. The mechanical operator shall be actuated by the movement of the
actual isolating switch assembly, the shutter of a drawout assembly, or the like. The action of the
mechanical indicator shall not be dependent on the movement of the operating handle or
mechanism alone.

c) Non-drawout type isolating and load-break switches shall have an observation window (or
windows) through which the isolating distance is visible. Alternatively, a camera system may be
provided that complies with the requirements for Alternate Viewing Systems in IEEE C37.20.9.

d) The isolating means operating system shall provide indication of “Open” and “Closed” position
via one or more of the following means; color coding (red — closed, black or green — open), words

[l NI aY N IRE TaY W aYaY ml mWELNTaY ml miA an 04

(“oP

0

15A Interld

15A.1 If an
means shall
opening or @
interlocking
drawout isol3

15A.2 Whe
capacity of t
transformers

15A.3 In ag
provided with

a) Po
in the

b) Dis

c) Prevent contact with-medium-voltage live parts as determined by the rod entry t

64A v
cubic

Note: N
eleme

15A.4 In ag

laal H <l H N
LIN, UIN, VLUV U, VT 1 IUI OyIIIUUID mracourudarivc willt Vu.Z 1.

cking of Medium Voltage Equipment

isolating means is not rated for making and breaking the required current,
be mechanically interlocked with a device capable of interrupting the curre
losing the isolating means unless the load interrupting device is in the open
bhall also prevent energizing the isolating means unlesscit'is in the closed p
ting means is separated by the isolating distance.

h the sum of the full load ratings of any connected”transformers exceeds th
ne isolating means, electrical interlocks shall bé.provided to disconnect secon
before the isolating means can be opened.

dition to the requirements of 15A.1 and\ 15A.2, equipment using a drawout ele,
mechanical interlocks that will:

sitively lock the drawout element.in the housing when the primary disconnectin
r fully closed or fully connected.position;

charge or block stored-enérgy devices prior to complete removal of the drawout

ith the drawout-element in the test position and with the drawout element rem
e, when the medium voltage compartment door is open.

fleans to padlock a shutter assembly in a closed position may be used to meet this requirement
t is removed from the cubicle.

dition to the requirements of 15A.3, equipment using a drawout element that i

the isolating
nt to prevent
position. The
psition or the

e interrupting
dary loads of

ment shall be

g devices are

element; and

pst in Section
bved from the

hen the drawout

5 used as the

isolating means shall be provided with an automatic shutter assembly or the equivalent that:

15A.5

a) Is maintained in the closed position in a manner that prevents inadvertent opening. Opening of
the shutter shall require a degree of difficulty involving a minimum of two separate and distinct
operations. Turning a knob, or moving a lever, or removing a single bolt, or the like, shall not be
considered to provide the required degree of difficulty; and

b) Complies with the shutter integrity test described in Section 64B.

Mechanical door interlocks shall be provided to meet these requirements:

a) Interlocks shall prevent the opening of a door to a medium-voltage compartment when the
isolating means is closed.
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b) Interlocks shall prevent the isolating means from being closed when the door of any medium-
voltage compartment of the equipment is open.

c) Where equipment is being back fed by other medium voltage power source(s), low voltage
stand-alone or multiple mode inverters, interlocks shall be provided to prevent opening of a door to
a medium-voltage compartment when the isolating means of the back-fed power source is closed,
and to prevent closing of the isolating means of the back-fed power source when a door to a
medium-voltage compartment is open.

Note: Key interlocking schemes are considered to meet this requirement.

15A.6 Where a means for C|rcumvent|ng the door interlock descrlbed in 15A.5 5 or 15A 7 |s provided for

inspection or

separate and
shall not be
may be indic

15A.7  If pro

isolating dista

control circui
can be conng
interlock in or
being closed

15A.8 Door
interlock syst

a) An

b) An
proteg

distinct operations. Turnlng a knob, moving a lever, or removing a smgle bol
onsidered sufficient for this purpose. This method shall not be indicated.on ‘the
ted in the instruction manual.

ision is made for a test position, the isolating means shall be interlocked to en
nce is established when the drawout (withdrawable) element ,is in the test
shall be arranged so that it must be disconnected from the.normal control po

Her to close the drawout contactor on test power, the iselating means shall be pr
Lintil the interlock mechanism has been restored tonormal.

5 giving access to medium-voltage compartménts shall be provided with one of
EmSs:

nterlock that is solely mechanical, that.meets the requirements of 15A.5.

electromechanical interlock system that combines electrical and mechan
tion that:

1) Meets the requirements.of 15A.5 (other than the requirement to be solely mg
2) Has at least twa. different protection means:

i) Withdifferent actuation methodologies; and

iif Requiring use of a tool to disable the protection.

3) Complies with the functional safety requirements in Table 15A.1.

yimum of two
[, or the like,
product, but

sure that the
bosition. The
wer before it

cted to a separate source of control power. Should it be(necessary to defeat @ mechanical

evented from

the following

cal interlock

chanical);

Table 15A.1
Functional Safety Standards

devices

Interlocks using electronic

rates equivalent or better than IEC 61508 SIL 2 or ISO 13849-1 PL d.

Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991. Critical
components evaluated using the Computational Investigation method shall have predicted failure

Interlocks using
firmware/software

discrete component hardware and non-programmable IC's.

Standard for Software in Programmable Components and or Equipment, UL 1998. UL 1998 shall
be used in conjunction with Functional Safety standards, such as UL 991, to also evaluate

Alternate standards may be used in place of UL 1998 and UL 991 for evaluating the unit's functional safety. If other standards are
used, the environmental stress testing as described in UL 991 shall be applied in addition to the requirements of the other

Table 15A.1 Continued on Next Page
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Table 15A.1 Continued

be applied.

Systems

standards. If tests in the other standards are similar to those prescribed in UL 991, the more severe criteria of both standards shall

» Automatic Electrical Controls — Part 1: General requirements, UL 60730-1. A unit shall comply with Control Class B as a
minimum.

* Functional Safety of Electrical/Electronic/Programmable Electronic Safety Related Systems, IEC 61508. A unit shall comply
with a mi

inimum of SIL 2.

« Safety of Machinery — Functional Safety of Safety-Related Electrical, Electronic and Programmable Electronic Control

, IEC 62061. A unit evaluated to this standard shall comply with a minimum of SIL CL 2.

« Safety of Machinery — Safety-Related Parts of Control Systems — Part 1: General Principles for Design, ISO 13849-1. A unit
shall comply with a minimum of PL d.

15A.9 Covers giving access to medium-voltage compartments shall comply with. all
conditions:
a) The cover shall be bolted on all sides with a minimum of two bolts per.side;
b) No|bolts are operable by hand, without the use of a tool;
c) All polts are captive fasteners;
d) The cover does not provide access to fuses; and
e) The cover is marked “DANGER: High Voltage Risk.of Electric Shock — Do not ope
enerdized”.
16 AC Output Connections
16.1 Stand-alone inverters
16.1.1 Thelac output of a stand-alone.inverter shall be provided with (a) or (b), or both:
a) Regeptacles which comply with 16.1.2.
b) Prpvision for connection of a fixed wiring system in accordance with Supply
Sectipn 18.

Exception: Medium voltage standalone inverters shall comply with Supply Connections, Sect

16.1.2 Ani

nverter provided with an ac output receptacle shall comply with the following:

the following

n cover while

Connections,

on 18.

a) The receptacle shall be of the grounding type,

b) The ac output conductor that is connected to the white or silver terminal of the receptacle shall

be bo

nded to ground in accordance with 21.1, 21.3, and 21.5,

c¢) An equipment-grounding connection as described in Equipment Grounding, Section 20, shall be
provided. Grounding of the receptacle shall not rely on mounting means only. The ground terminal
provided as part of the receptacle shall be employed, and

d) Receptacles installed in raised covers shall not be secured solely by a single screw.

16.1.3 A ground-fault circuit-interrupter shall comply with the Standard for Ground-Fault Circuit-

Interrupters,

UL 943.
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16.2 Utility-interactive inverters

16.2.1 A utility-interactive inverter shall have provision for connection of a wiring system complying with
Supply Connections, Section 18.

16.2.2 A general-use ac output receptacle shall not be provided on a utility-interactive inverter unless it is
internal to the unit and accessible for service personnel use only.

16.2.3 An inverter with an ac output shall comply with the following:

a) The installation instructions shall comply with 68.2, and

b) Thg output circuit shall not be bonded to the enclosure. See also 21.2.
17 Receptdcles for Low Voltage Output Circuits
17.1 A gengral-use receptacle in an inverter shall be of the grounding type.

17.2 Areceptacle supplied from the output ac circuit of an inverter shal] comply with the follgwing:

a) The white or silver terminal of the receptacle shall bé grounded, see AC (utput Circuit
Grounded Conductor, Section 21,

b) ThI1 equipment-grounding terminal of the receptacle shall be conductively conrlected to the
equipment-grounding means in accordance with Internal Bonding for Grounding, Sectipn 22, and

c) A receptacle installed in a raised cover shall be in accordance with Section 410.56(i) of the
Natiorjal Electrical Code, ANSI/NFPA 70.

18 Supply Connections
18.1 General

18.1.1 A unit shall have provision\for connection of a wiring system consisting of:

a) Wir|ng terminals as-specified in 18.1.3 — 18.2.10 or wiring leads as specified in 18.1{3 and 18.3.1
—18.3/6, and

b) A means fer-connection of cable or conduit as specified in 18.5.1.

Exception No_1# The requirements described in 18.1.3 — 18.4.3 do not apply to the means for connection
to isolated accessible signal circuits complying with the requirements specified in Isolated Accessible
Signal Circuits, Section 30.

Exception No. 2: This requirement does not apply to ac output power circuit of an inverter consisting of
receptacles complying with the requirements specified in Receptacles, Section 17.

18.1.2 The requirement in 18.1.1 applies to the wiring connection means for ac and dc input and output
power circuits of a unit intended to be made in the field when the unit is installed.

18.1.3 A wiring terminal or lead shall be rated and sized for connection to a field wiring conductor having
an ampacity based on Table 310.15(B)(16) of the National Electrical Code, ANSI/NFPA 70, of no less than
125 percent of the RMS or dc current that the circuit carries during rated conditions. For determining the
appropriate column in Table 310.15(B)(16), see 69.4 (L) and (M).
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18.1.4 A wiring terminal for a circuit above 2000 V ac or dc shall be sized for connection to a field wiring
conductor having an ampacity of no less than 100 percent of the current that the circuit carries during rated

conditions, based on Tables 310.60(C)(77) and (78) of the National Electrical Code, ANSI/NFPA 70.

18.2 Wiring terminals

18.2.1
marked. See

66.12.

A wiring terminal shall comply with the requirement in 18.1.3 for a wire of each metal for which it is

18.2.2 A wiring terminal shall be provided with a factory-installed pressure terminal connector that is
securely fastened in place — for example, firmly bolted or held by a screw.

Exception N
of this requirs

Exception N(
(5.3 mm?) or]
wire in positi

Exception Ng

18.2.3 Awi
that it does n
or mortises;

equivalent m

Exception: A
complies wit
spacing betw

18.2.4 With
factory instal

a) On
other

b) Th

requied for-an_effective installation, shall be:

. 1: A field-installed pressure terminal connector in accordance with 18.2.4.msg
bment.

. 2: A wire-binding screw employed at a wiring terminal intended far\eonnection
smaller conductor and having upturned lugs, a cupped washer, or the equivalg
bn meets the intent of this requirement.

. 3: Wiring terminals for medium voltage circuits shall comply with 18.2.11.

ring terminal shall be secured in position, by a means ‘6ther than friction betwee
ot turn or shift. This is able to be accomplished by two screws or rivets; by squ
by a dowel pin, lug, or offset; by a connecting strap or clip fitted into an adjacent
pthod.

pressure terminal connector used in@ccordance with 18.2.4 is able to turn whe
h Spacings, Section 26, when the-eonnector is oriented in the position resultin
een adjacent terminals and alse'between terminals and dead metal parts.

reference to Exception/No: 1 to 18.2.2, a pressure terminal connector is not 1
ed when the conditions in"(a) — (e) are met:

e or more component terminal assemblies shall be available from the unit ma
5 and specified inthe instruction manual. See 69.4 (B) and (C).

b fastening’hardware such as a stud, nut, bolt, spring, or flat washer, and similar

1)yProvided as part of the terminal assembly,

ets the intent

ofa 10 AWG
nt to hold the

h surfaces, so
are shoulders
part; or by an

n the spacing
g in the least

equired to be

nufacturer or

hardware, as

2) Mounted on or separately packaged with the unit, or

3) Specified in the instruction manual.

¢) The installation of the terminal assembly shall not involve the loosening or disassembly of parts
other than a cover or other part giving access to the terminal location. The means for securing the
terminal connector shall be readily accessible for tightening before and after installation of
conductors.

d) When the pressure terminal connector provided in a terminal assembly requires the use of other
than a common tool for securing the conductor, identification of the tool and any additional

instru

ctions shall be included in the assembly package or with the unit. See 69.4(D).

e) Installation of the pressure terminal connector in the intended manner shall result in a unit

comp

lying with the requirements of this Standard.
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18.2.5 A terminal block or insulating base for support of a pressure terminal connector shall comply with
the Standard for Terminal Blocks, UL 1059.

18.2.6 A wire-binding screw at a field-wiring terminal shall not be smaller than No. 10 (4.8 mm diameter).

Exception No. 1: A No. 8 (4.2 mm diameter) screw is usable at a terminal intended only for the connection

of:

a) 14 AWG (2.1 mm?) conductor, or

b) 16 or 18 AWG (1.3 or 0.82 mm?) control-circuit conductor.

Exception No
0.82 mm?) co

18.2.7 A wir

18.2.8 A ter
inch) thick.

Exception: A

2: A No. 6 (3.5 mm diameter) screw is usable for the connection of a 16 or 48
nirol-circuit conductor.

e-binding screw shall thread into metal.

minal plate tapped for a wire-binding screw shall be of metal.not less than 1.2

terminal plate of metal less than 1.27 mm (0.050 inch)/thick complies where u

AWG (1.3 or

7 mm (0.050

sed in a low-

voltage, limitad-energy (LVLE) circuit or limited energy (LE) circuit\(see 2.1.28 and 2.1.30) and the tapped
threads are capable of withstanding the tightening torque specified in Table 18.1 without stripping.
Table 18.1
Tightening Torque for Wire-Binding Screws
Size of tgrminal screw, Wire sizes to be tested, Tightening torque
No. (diameter, mm) AWG (mm?) Newton meters (Pound-inch)
6 (3.5) Stranded 16 — 18 (1.3 - 0.82) 1.4 (12)
8 4.2) Solid 14 (2.1) and Stranded 16 — 18 1.8 (16)
10 (4.8) Solid 10 — 14 (4.8 — 2.1) and Stranded 16 — 18 2.3 (20)
18.2.9 Therg shall be twovor more full threads in the metal of a terminal plate. The metal is tg be extruded
at the tapped|hole to provide at least two full threads.

Exception: T\
limited-energ

o full' threads are not required for a terminal in a low-voltage, limited-energy (L
(LE) circuit, see 2.1.28 and 2.1.30, when a lesser number of threads results

LE) circuit or
5 in a secure

connection in which the threads do not strip when subjected to the tightening torque specified in Table

18.1.

18.2.10 A terminal for connection of a grounded conductor of an ac circuit shall be identified as
described in 66.16.

18.2.11
following:

Terminals for field connection of medium voltage conductors shall conform to any one of the

a) Bus bars provided with hole patterns meeting the requirements of ANSI/NEMA CC 1-2018;

b) Connectors complying with IEEE 386.
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18.3 Wiring leads for low voltage field conductors

18.3.1 A field-wiring lead shall not be more than two wire sizes smaller than the copper conductor to
which it is to be connected, and shall not be smaller than 18 AWG (0.82 mm?). For example, a 10 AWG
(5.3 mm?) or larger field-wiring lead is required for connection to a 6 AWG (13.3 mm?) field-provided
conductor. A field-wiring lead shall not be less than 152.4 mm (6 inches) long.

Exception: A lead is able to be more than two wire sizes smaller than the field-provided copper conductor
to which it is to be connected, and be not smaller than 18 AWG (0.82 mm?), when more than one factory-
provided copper lead is intended for connection to the same field-provided lead, and the construction

complies with the following:

a)Ay
remo
splice

b) Th
an ind

¢) Ins|
18.3.2 Afig
a) At
b) At
c) At
18.3.3 Afig

18.3.4 A fi
connected to

ire connector for connection of the field-provided wire is factory-installed as par
e-control assembly, and the wire connector is rated for the combination of wite's
d,

b factory-provided leads are bunched or otherwise arranged so that stress does
lividual lead, and

fructions are provided in accordance with 69.4(E).

Id-wiring lead shall consist of general building wire, or-0f other wiring having an i
east 0.8-mm (1/32-inch) thick thermoplastic material,
east 0.4-mm (1/64-inch) thick rubber plus a braid cover for applications of 300 v

east 0.8-mm thick rubber plus a braid cover for applications between 301 and 6(
Id-wiring lead shall comply with Strain Relief Test, Section 53.

bld-wiring lead provided .fép"connection to an external line-voltage circuit
a wire-binding screw orfpressure terminal connector located in the same comp3

[ of the unit or
that are to be

not result on

nsulation of:

blts or less, or

0 volts.

shall not be
rtment as the

free end of the wiring lead unless.the screw or connector is rendered unusable for field-wiripg connection

or:
a) The lead is insulated at the unconnected end, and
b) A marking is\provided on the unit in accordance with 66.24.
18.3.5 Thelfreerend of a field-wiring lead that is not used in every installation, such as a leqd for a tap of
a multivoltagk-transformer,shall be insulated. For an equipment-grounding lead, see 20

18.3.6 A field-wiring lead for connection of a grounded conductor of an ac circuit shall be identified as
described in 66.16.

18.4 Wiring compartments for low voltage field conductors

18.4.1 A wiring compartment for a unit shall be located so that wire connections therein are accessible
for inspection, without disturbing factory or field connected wiring, after the unit is installed in the intended
manner.

18.4.2 A wiring compartment, raceway, or similar device, for routing and stowage of conductors
connected in the field shall not contain rough, sharp, or moving parts that are capable of damaging
conductor insulation.
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18.4.3 A wiring compartment shall not have a volume less than specified in Table 18.2. The volume is to
be determined in accordance with the Standard for Metallic Outlet Boxes, UL 514A, or the Standard for
Nonmetallic Outlet Boxes, Flush-Device Boxes and Covers, UL 514C, as applicable. No compartment
enclosure dimension shall be less than 19.1 mm (3/4 inch).

Table 18.2
Wiring Compartment Volume

Size of conductor, Free space for each conductor
AWG (mm?) Cubic centimeter (Cubic inches)
1 (0.82) 24.60 (1.50)
16 (1.3) 28.70 (15)
14 (2.1) 32.80 (2.00)
1P (3.3) 36.90 (2.25)
1D (5.3) 40.00 (2.50)
te (8.4) 49.20 (3.00)
d (13.3) 82.00 (5.10)

18.5 Openings for conduit or cable connection

18.5.1 For g fixed unit, an opening or knockout complying withthe requirements specified in|7.7.1 - 7.7.7
shall be provifled for connection of conduit or a cable wiring system.

Exception: A unit complying with 7.7.6 is not required:to be provided with an opening or a kno¢kout.
18.6 Openings for class 2 circuit conductors

18.6.1 An opening for the entry of a_cenductor or conductors of a Class 2 circuit, such ag a control or
sensor circuif, shall be supplied with'an insulating bushing. The bushing shall be factory-ingtalled in the
opening or shall be supplied within the enclosure so that it is available for installation when the unit is
installed.

Exception: A bushing is not'required where:
a) Thg opening is sized and intended for armored cable or conduit, and

b) The installation instructions indicate that Class 1 wiring methods are to be used a$ indicated in
69.4(Nb-

18.6.2 For Type 1 enclosures only, a bushing of rubber or rubber type material provided in accordance
with 18.6.1 shall not be less than 3.2 mm (1/8 inch) thick; however, it shall not be less than 1.2 mm (3/64
inch) thick when the metal around the hole is eyeletted or similarly treated to provide smooth edges. A
bushing shall be located so that it is not exposed to oil, grease, oily vapors, or other substances having a
deleterious effect on the material of the bushing. A hole in which such a hinge is mounted shall be free
from sharp edges, burrs, or projections capable of damaging the bushing.

19 Wire-Bending Space for Low Voltage Field Conductors

19.1 A permanently connected unit employing pressure terminal connectors for field connection of
circuits described in 18.1.2 shall be provided with wire-bending space within the enclosure for the
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installation of conductors (including grounding conductors) that are to be employed in the installation as
specified in 18.1.2-18.2.4.

19.2 The conductor size used to determine compliance with 19.1 is to be based on the use of a
conductor sized in accordance with 18.1.3.

Exception No. 1: Where a unit is marked with a maximum wire size for a field-installed conductor in
accordance with 66.28, the marked maximum size is to be used.

Exception No. 2: The requirements in 18.4.3 are to be used to investigate the wire-bending space in a
wiring compartment.

19.3 Wire-hending space for field installed conductors shall be provided opposite any:
a) Prgssure wire connector as specified in 19.4 or 19.5, and

b) Opening or knockout for a conduit or wireway in a gutter as specified in, 19.9.

19.4 Wherg a conductor is able to be installed such that it enters er‘léaves the enclgsure surface
opposite its wire-terminal, the wire-bending space shall be as specified in Table 19.1. A wire is able to
enter or leavg a top, back, bottom, or side surface when there is an opening or knockout forl a wireway or
conduit.

Minimum Wire-Bending Space for Conduct-[':arts“?'l":?c;lgh a Wall Opposite Terminals infmm (inch)
Wires per terminal (pole)?
Wire size, AWG or 1 2 3 4|or More
kemil (mm?) mm (inch) | mm (inch) | mm (inch) | mm (inch)
14-10 (2.1}-5.3) Not specified - - -

8 (8.4) 38.1 (1°4/2) - - -

6 (1B.3) 50.8 (2 - - -

4 2f1.1) 76.2 (3) - - -

3 (2p.7) 76.2 (3) - - -

2 (3B.6) 889 (3-1/2) - - -

1 (4p.4) M4 (4-1/2) - - -

0 (5B.5) 140 (5-1/2) | 140 (5-1/2) | 179 ) -
2/0 (6143 152 6152 (6) 194 FH2) -

3/0 (85.0) 165 [12.7] (6-1/2) | 165  [12.7] (6-1/2)| 203 (8) -
4/0 (107) 179  [254] (7) 191 [38.1] (7-1/2)| 216 [12.7] (8-1/2) -
250 (127) 216 [50.8] (8-1/2)| 216 [50.8] (8-1/2)| 229 [25.4] (9) 254 (10)
300 (152) 254 [76.2] (10) | 254 [50.8] (10) | 279 [254] (11) | 305 (12)
350 (177) 305 [76.2] (12) 305 [76.2] (12) 330 [76.2] (13) 355  [50.8] (14)
400 (203) 330 [76.2] (13) | 330 [76.2] (13) | 355 [76.2] (14) | 381 [76.2] (15)
500 (253) 355 [76.2] (14) | 355 [76.2] (14) | 381 [76.2] (15) | 406 [76.2]  (16)
600 (304) 381 [76.2] (15) | 406 [76.2] (16) | 457 [76.2] (18) | 483 [76.2] (19)
700 (355) 40 [762] (16) | 457 [76.2] (18) | 508 [76.2] (20) | 559 [76.2] (22)

Table 19.1 Continued on Next Page
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Table 19.1 Continued
Wires per terminal (pole)?

Wire size, AWG or 1 2 3 4 or More

kcmil (mm?) mm (inch) | mm (inch) | mm (inch) | mm (inch)
750 (380) 432 [76.2] (17) 483  [76.2] (19) 559 [76.2] (22) 610 [76.2] (24)
800 (405) 457 (18) 508 (20) 559 (22) 610 (24)
900 (456) 483 (19) 559 (22) 610 (24) 610 (24)
1000 (507) 508 (20) - - -

1250 (633) 559 (22) - - -

1500 (760) G10 27) = = -

1750 (8%6) 610 (24) - - -

2000 1013 610 (24) - - -

Note — This tablg includes only those multiple-conductor combinations that are commonly used. Combinations not specified shall

be further inves
@ Compliance w

1) Onl
remov;
2) Ar
place

igated.

removable or lay-in wire connectors receiving one wire each are used (sometimes there is more th
bble wire connector per terminal) and

th the following conditions reduces the wire-bending space by the number of mm's shown in bracketg:

none

bmovable wire connector is able to be removed from its intended location and reinstalled with the cof
ithout disturbing structural or electrical parts other than a cover,

uductor in

19.5 Where
wire terminal,

a)Ab

b) Drg
directl

Minimum V|

Table 19.2

Terminals in mm (inches)

prrier is provided between the connectorand the opening, or

a conductor is intended to enter or leave the énclosure surface adjacent (not of
the wire-bending space shall be as specified’in Table 19.2 where:

wings are provided specifying that the conductor is not to enter or leave t
y opposite the wire connector. See lllustrations A, B, and C of Figure 19.1.

bposite) to its

ne enclosure

Vire-Bending Space'and Width of Gutter for Conductors Through a Wall Not Opposite

Wires per terminal (pole)
Size of wire, AWWG or kemil 2 3 4 5
(mmf) mm (inch) | mm (inch) | mm (inch) | mm (inch) hm  (inch)
14-10 (21-5.3) Not - - - - -
specified
8-6 (8.4-13.3) 38.1 (1-1/2) - - - -
4-3 (21.1-26.7) 50.8 (2) - - - -
(33.6) 63.5 (2-1/2) - - - -

1 (42.4) 76.2 (3) - - - -
1/0-2/0 (563.5-7.4) 88.9 (3-1/2) 127 (5) 178 (7) - -
3/0-4/0 (85.0—107) 102 4) 152 (6) 203 (8) - -

250 (127) 114 (4-1/2) 152 (6) 203 (8) 254 (10) -
300 - 350 (152 -177) 127 (5) 203 (8) 254 (10) 305 (12) -
400 - 500 (203 — 253) 152 (6) 203 (8) 254 (10) 305 (12) 356 (14)

Table 19.2 Continued on Next Page
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Table 19.2 Continued
Wires per terminal (pole)
Size of wire, AWG or kemil 1 2 3 4 5
(mm?) mm (inch) mm (inch) mm  (inch) mm (inch) mm  (inch)
600—700 (304 — 355) 203 ®8) 254 (10) | 305  (12) | 356 (14) | 406  (16)
750-900 (380 — 456) 8 203) | 305 (12) | 356  (14) | 406  (14) | 457  (18)
10001250 (507 — 633) 254 (10) - - - -
1500 —2000 (760 — 1010) 305 (12) - - - -

be further investigated

Note — This table includes only those multiple-conductor combinations that are commonly used. Combinations not specified shall

¢
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Figure 19.1 (cont'd)
Wire-Bending Space
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Wiring Gutter
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—m=] D 3 g
2
S3510
NOTES -

D, is the distancg

D, is the distandg
through.

Dj is the width of}

@ A conduit open
space specified i

® A conduit openfing or knockout is provided in the wall at a right angle to the wall opposite the terminal lugs. The V

terminal lugs:

1)Is no

2)Am(

between a wire connector or an adjacent barrier and the‘epposite wall that conductors pass through.

e between a wire connector or an adjacent barrier and the opposite wall or barrier that conduct

a wiring gutter having a side through which copductors pass through.

brs do not pass

Ing or knockout is provided in the wall opposite‘the terminal lugs. D, shall not be less than the minimyim wire-bending

h Table 19.1.

provided with a knockout or conduit opening, or

rking is provided indicating that the conduit opening or knockout is not to be used. D, shall not

minimum wire-bending space specified in Table 19.2.

¢ A conduit openfing or knockout is provided in the wall at a right angle to the wall opposite the terminal lugs. In ad
opening or knockout is provided\in*the wall opposite the terminal lugs; however, a barrier preventing the use o
provided. D, sha|l not be less’than the minimum wire-bending space specified in Table 19.2.

all opposite the

e less than the

dition, a conduit
the opening is

4 Where a barrief or other(means restricts bending of the conductor, the distance D, or D,, as appropriate — see notgs D; — D; —is to

be measured fro

¢ A conduit openjngor knockout is provided in a wiring gutter. The width of the gutter, D5, shall not be less than thg
bending space specified in Table 19.2.

the enéof the barrier.

minimum wire-
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19.6 Where a conductor is restricted by a barrier or other means from being bent where it leaves the
connector, the distance is to be measured from the end of the barrier. See illustration D of Figure 19.1.

19.7 For a unit not provided from the factory with a conduit opening or knockout, see 7.7.6, the minimum
wiring-bending space specified in 19.4 — 19.6 shall be based on:

a) Any enclosure wall used for installation of the conduit, or

b) Only specific walls that are to be used as specified by a marking, drawing, or template furnished
with the unit.

19.8 The distance specified in 19.3 — 19.5 is to be measured in a straight line from the edge of the wire
terminal clospst to the wall in a direction perpendicular to the box wall or barrier. See illusiralions A — C of

Figure 19.1.

close to pergendicular to the wall of the enclosure as possible without defeating any,'mean
prevent turning, such as a boss, shoulder, walls of a recess, multiple bolts securing‘the cq
similar means. A barrier, shoulder, or similar component is to be disregarded. whéen the me
being made |where it does not reduce the radius to which the wire must be bent. Where
provided with one or more connectors for the connection of conductors in\multiple, the dis

measured frg
Exception: S

19.9 The w
accommodat
knockout. Th

Exception: T
a) Kn

b) TH

conductors in question, and

c) Th
wiring

19A Wire-k

19A.1 Wire
bent to a rad

he wire terminal is to be turned so that the axis of the wire opening in the eq

m the wire opening closest to the wall of the enclosure.

pe 19.6.

e (with respect to wire-bending space) conductors of the maximum size u
e width of a wiring gutter is given in Table 49.2. See illustration E of Figure 19.1.

he wiring space is able to be narrowekwhen:
bckouts are provided elsewherethat are in compliance with these requirements,

e wire-bending space at“such other point or points is of a width that accon

b knockout or kngckalts at such other points are able to be conveniently used in
of the unit.

ending Space for Medium Voltage Field Conductors

bending space shall be such that, during installation, field-installed conductors
us.Jess than:

nnector is as
s provided to
nnector, or a
asurement is
a terminal is
ance is to be

idth of a wiring gutter in which one or more knockouts are provided shall be lafge enough to

sable at that

hmodates the

the intended

5 need not be

a) 8 ti
b) 12

mes the overall diameter for non-shielded conductors; or

times the overall diameter for shielded or lead-covered conductors.

19A.2 Wire bending space shall take into account the type and maximum size of wire, optional use of
stress cones for field terminations, and other instructions provided by the manufacturer.

19A.3 For the purposes of determining the required bending space, the conductor size shall be
determined using the worst case for type MV-90 cables from Tables 311.60(C)(73) through 311.60(C)(80),
unless the equipment is provided with instructions limiting the type of cables (copper or aluminum only,
single conductor, triplexed, or three conductor cable) and raceway location (in earth or air).
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20 Equipment Grounding

20.1

20.1.1

General

There shall be means for grounding all dead metal parts of a unit.

20.1.2 The means for equipment grounding specified in 20.1.1 shall be provided for each wiring system
to be connected to the unit for the following circuits:

a) Eac

h dc input circuit,

b) Each ac input circuit,

c) Eag

d) Eag

Exception: A
30, is not req

20.1.3 The
or lead.

20.1.4 An s

h ac output circuit, and

h battery circuit.

isolated accessible signal circuit complying with Isolated Accessible Signal Cir
hired to have means for equipment grounding.

bquipment-grounding means for a fixed unit shall consist 6f’an equipment-groun

positive mea

double-nut sgcured bolt or screw, used to secure a terminal or lead, shall not be accessible fr
the enclosure].

20.1.5 An
vitreous ena

20.1.6 Ane
removal durin

20.1.7 Afre
back and tap
parts in the e

20.1.8 Equi
and each out

quipment-grounding terminal or lead shall be «connected to the frame or en
s, such as by a bolted or screwed connection. The head of a screw or bolt,

uipment-grounding connection shall penetrate a nonconductive coating, suc
el.

Huipment-grounding means shall be located so that the means is not subject t
g servicing.

e end of an equipment-grounding lead shall be insulated (for example, the end is
ed to the lead).Unless the lead is located so that the lead is not capable of ¢
ent that the l€ad is not used in the field.

bment.grounding leads or equipment grounding terminals shall be provided fq
but cifcuit. Any supplied lead shall have a free length of not less than 152 mm (4

cuits, Section

ding terminal

closure by a
other than a
bm outside of

N as paint or

b inadvertent

5 to be folded
bntacting live

r each input
inches) and

the surface o

the nsutation shattbe green withor withoutone or more yettow stripes. Whe

e equipment

ground leads are used, no other lead in a field-wiring compartment or that is visible to the installer shall be
so identified. Equipment-grounding terminals shall be marked as described in 66.13. An equipment-
grounding lead or equipment-grounding terminal shall have a minimum size or be rated to carry the
required current in accordance with the following:

a) For a dc input from a photovoltaic source or output circuit, 1.25 times the rated short-circuit input
current for that input, see Table 65.1.

b) For any ac input or output circuit or dc (non-PV) input or output circuit, Column 2 of Table 20.1

based

on the size of the overcurrent device protecting that circuit.

Exception: The color coding requirement does not apply to Class 2 circuits where the leads are:
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a) Located remote from the line-voltage connections and the segregation complies with the
requirements in Separation of Circuits, Section 25, or

b) Marked in accordance with 66.25.

Table 20.1
Size of Equipment-Grounding and Grounding Electrode Conductors

Column 2 Column 3
Minimum size of equipment-grounding or bonding
conductor Minimum size of grounding electrode conductor,
Column 1 AWG o RCmitH(mm?) AWG o KT
Maximum
current rating® Aluminum or copper- Aluminym or copper-
amperes Copper clad aluminum Copper clad pluminum
15 14 (2.1) 12 (3.3) 8 (8.4) 6 (13.3)
20 12 (3.3) 10 (5.3) 8 (84) 6 (13.3)
30 10 (5.3) 8 (8.4) 8 (8'4) 6 (13.3)
40 10 (5.3) 8 (8.4) 8 (8.4) 6 (13.3)
60 10 (5.3) 8 (8.4) 8 (8.4) 6 (13.3)
90 8 (8.4) 6 (13.3) 8 (8.4) 6 (13.3)
100 8 (8.4) 6 (13.3) 6 (13.3) 6 (13.3)
150 6 (13.3) 4 (21.2) 6 (13.3) 4 (21.2)
200 6 (13.3) 4 (2422) 4 (21.2) 2 (33.6)
300 4 (21.2) 2 (33.6) 2 (33.6) 1/0 (53.5)
400 3 (26.7) 1 (42.4) 1/0 (53.5) 3/0 (85.0)
500 2 (33.6) 1/0 (53.5) 2/0 (67.4) 4/0 (107.2)
600 1 (42.4) 2/0 (67.4) 2/0 (67.4) 4/0 (107.2)
800 1/0 (53.5) 3/0 (85.0) 3/0 (85.0) 250 (127)
1000 2/0 (67.4) 4/0 (107.2) 3/0 (85.0) 250 (127)
1200 3/0 (85:0) 250 (127) 3/0 (85.0) 250 (127)
1600 4/0 (107.2) 350 (127) 3/0 (85.0) 250 (127)
2000 250, (127) 400 (203) 3/0 (85.0) 250 (127)
2500 350 (177) 600 (304) 3/0 (85.0) 250 (127)
3000 400 (203) 600 (304) 3/0 (85.0) 250 (127)
4000 500 (253) 800 (405) 3/0 (85 0) 250 (127)
5000 700 (355) 1200 (608) 3/0 (85.0) 250 (127)
6000 800 (405) 1200 (608) 3/0 (85.0) 250 (127)

Note — See Table 21.2 for equivalent area of bus.

& Maximum ampere rating of the input circuit dc overcurrent protective device described in 50.1.5 or the ac output circuit
overcurrent protective device described in 32.3.1 — 32.4.3, whichever is larger.

20.1.9 An equipment-grounding conductor shall not be spliced internal to the equipment.

20.1.10 An equipment-grounding connection, equipment-grounding conductor, enclosure, frame,
component mounting panel, or other part connected to earth ground shall not carry current unless an
electrical malfunction occurs. See 22.12.


https://ulnorm.com/api/?name=UL 1741 2023.pdf

62 UL 1741 MAY 19, 2023

Exception: This requirement does not apply to a line bypass capacitive impedance circuit for a radio
frequency signal circuit or a transient voltage surge suppressor.

20.1.11 A soldering lug, a connection means that depends on solder, a screwless (push-in) connector, a
quick-connect connector, or other friction-fit connector shall not be used as an equipment-grounding
means.

20.1.12 An equipment-grounding terminal shall be rated for securing a conductor of a size based on the
size of the overcurrent protection device to be employed in accordance with Columns 1 and 2 of Table

20.1 and shal

20.1.13 A
conductor sh
or a stud-and
in 66.13.

20.2 Groun

20.2.1 Equi
main dc or a
shall:

a) Be

curren
b) Corf

c) Be marked as described in 66.17.

2022 Aqgr

equipment by

connections
or screw, use

21 AC Outp

21.1

21.2 An iny
between any

The re|
stand-alone inverter.

| be constructed in accordance with 18.2.1 — 18.2.9.

il have a green colored head that is hexagonal, slotted, or both. A pressure w
Lnut type terminal intended for connection of such a conductor shall be marked

iding electrode terminal

pbment intended to be installed as service entrance equipment or equipment c
C bonding connection shall be provided with a groundingyelectrode terminal.

capable of securing a conductor size based on.the maximum current rating g
t circuit connected to the unit, as specified in Celumn 3 of Table 20.1,

nply with 18.2.1 — 18.2.10 for construction;@nd

punding-electrode terminal shafi:be connected to the main bonding point (ac

a positive means, such as by a bolted or screwed connection. For ground
nat are internal to a product,'the head of a screw or bolt, other than a double-nuf
1 to secure a terminal shall not be accessible from outside of the enclosure.

ut Circuit Grounded Conductor

erter”intended to be utility-interactive shall not have a direct/solid electricg

nt-grounding
re connector
as described

bntaining the
The terminal

f the highest

or dc) in the
ng electrode
secured bolt

quirements for circuit grounding specified in 21.3 — 21.5 apply to the ac outpyt circuit of a

| connection

Utputac conductorand the enclosure.

21.3 Other than as specified in 21.2, each ac output circuit shall have a grounded conductor. The ac

output circuit

conductor to be grounded shall be as follows:

a) Single-phase, 2-wire — one conductor.

b) Single-phase, 3-wire — the neutral conductor.

c) Mul

d) Mul

tiphase system having one wire common to all phases — the common conductor.

tiphase system in which one phase is used as in (b) — the neutral conductor.

21.4 The conductor specified in 21.3 is to be connected by a bonding jumper connected between the
grounded conductor and:
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a) The enclosure of a metal-enclosed unit, or

b) For a nonmetallic enclosed unit, the metal chassis that is bonded to the equipment-grounding
conductor or terminal. See 20.2.1.

21.5 The size of the bonding jumper specified in 21.4 shall not be less than specified in Table 21.1.

Table 21.1
Minimum Size of Bonding Jumper
Maximum circuit
current rating; Aturmimmomrorcopper-cltad-atumijnum, AWG or
amperegs Copper, AWG or kcmil (mm?) kemil (mm?)

15 8 (8.4) 6 (13.3)

20 8 (8.4) 6 (13.6)

30 8 (8.4) 6 (13.3)
40 8 (8.4) 6 (13.3)

60 8 (8.4) 6 (13.3)

90 8 (8.4) 6 (13.3)
100 6 (13.3) 4 (21.2)
150 6 (13.3) 4 (21.2)
200 4 (21.2) 2 (33.6)
300 2 (33.6) 1/0 (53.5)
400 1/0 (53.5) 3/0 (85.0)
500 1/0 (53.5) 3/0 (85.0)
600 2/0 (67.4) 4/0 (107.2)
800 2/0 (67.4) 4/0 (107.2)
1000 3/0 (85.0) 250 (127)
1200 250 (127) 250 (127)
1600 300 (152) 400 (203)
2000 400 (203) 500 (253)
2500 500 (253) 700 (355)
3000 600 (304) 750 (380)
4000 700 (380) 1000 (508)
500 900 (456) 1250 (635)
6000 T200 (6U8) T500 (759)

Note — See Table 21.2 for equivalent area of bus.

Table 21.2
Equivalent Cross-Sectional Areas of Wires and Buses
Wire size, Minimum cross section of bus
AWG or kemil (mm?) mm?2 (inch?)
8 (8.4) 8.39 (0.013)
(13.3) 13.55 (0.021)

Table 21.2 Continued on Next Page
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Table 21.2 Continued

Wire size, Minimum cross section of bus
AWG or kcmil (mm?) mm? (inch?)
4 (21.1) 21.29 (0.033)
3 (26.7) 26.45 (0.041)
2 (33.6) 33.55 (0.052)
1 (42.4) 42.58 (0.066)
0 (53.5) 53.55 (0.083)
2/0 (7.4) 67.74 (0.105)
3P (85.0) 85.16 (0.1B2)
4p (107) 107.10 (0166)
250 (127) 236.45 (0.1p6)
3do (152) 152.26 (0.2B6)
350 (177) 177.42 (0.275)
4do (203) 202.58 (0.3114)
500 (253) 253.55 (0.393)
6do (304) 303.87 (0.4f71)
7qo (355) 364:84 (0.560)
750 (380) 380.00 (0.5B9)
8do (405) 405.16 (0.6p8)
10po (507) 506.45 (0.7B5)
12po (608) 607.73 (0.942)
1250 (633) 632.90 (0.981)
15p0 (760) 760.00 (1.1[r8)
22 Internal Bonding for Grounding
22.1 All exposed dead metal-parts, which in the event of an electrical malfunction, invglve a risk of
electric shock or electrical energy-high current levels, shall be conductively connected to th¢ equipment-
grounding mgans specifiediin Equipment Grounding, Section 20.
22.2 In aunjt having.means for grounding, all uninsulated metal parts of the enclosure, motgr frames and
mounting brgckets; component mounting brackets, capacitors, and other electrical components that
involve a risk [of.electric shock or electrical energy-high current levels shall be bonded for groyinding where

they are accessible for contact by the user or inadvertent contact by a serviceman.

Exception: A metal part as described in (a) — (g) is not required to be bonded for grounding:

a) An adhesive-attached metal foil marking, a screw, a handle, or similar metal part, that is located
on the outside of an enclosure or cabinet and isolated from electrical components or wiring by
grounded metal parts so that they do not become energized.

b) An isolated metal part, such as a magnet frame and an armature, a small assembly screw, or
similar part, that is positively separated from wiring and uninsulated live parts.

¢) A panel or cover that does not enclose uninsulated live parts; and wiring is positively separated
from the panel or cover so that it is unable to become energized.
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d) A panel or cover that is secured in place and that is insulated from electrical components and
wiring by an insulating barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar
material not less than 0.8 mm (1/32 inch) thick.

e) An isolated metal part that is mounted on a printed wiring board — such as transformer and
choke cores and heat sinks.

f) An isolated metal part that is marked in accordance with 67.12.

g) A capacitor sleeved with insulating tubing complying with 26.2.2.

22.3 A metal-to-metal piano-type hinge is usable as a means for bonding a door for grounding.

22.4 Wherg
material, the
Materials — S

225 Acon
A conductor

a) Sh

b) Sh
grour
repla

c) Sh

226 Acon
or screwed (¢
point greater
as paint or vi

by painting, galvanizing, plating, or equivalent means. Bonding around a resilient mount sha

on the clamp

22.7 A bol
penetrate no

22.8 Whersg
threads of a

the continuity of the grounding system relies on the dimensional integrityyof
material shall be in accordance with the requirements for creep in the Standard
hort Term Property Evaluations, UL 746A. See also 22.9.

juctor or strap used for bonding shall be of copper, a copper alloy, or an equiva
Dr strap:

il be protected from mechanical damage or be located within the outer enclosur

all not be secured by a removable fastener used-for any purpose other tha
ding, unless there is a low risk of the bonding:conductor being omitted after]
ement of the fastener, and

Il not be spliced.

nection in the bonding path shall be by’a positive means, such as by a clamp, a
onnection, or by welding, soldering, or brazing with materials having a soften
than 455 °C (850 °F). The bonding connection shall penetrate nonconductive g
reous enamel. Ferrous metal;parts in the grounding path shall be protected agq

ng action of rubber qr similar material.

ed or screwed" connection that incorporates a star washer under the scr
hconductive ¢oatings and shall comply with Grounding Impedance Test, Section

the bonding connection depends on screw threads in metal, two or more scre
bingle'screw engaging two full threads in the metal shall be used.

a nonmetallic
for Polymeric

lent material.

e or frame,

h bonding for
removal and

rivet, a bolted
ng or melting
oatings, such
inst corrosion
Il not depend

ewhead shall
51.

ws or two full

22.9 A connection that depends on the clamping action exerted by rubber or similar material shall
comply with Bonding Conductor Test, Section 55, when installed as intended. The material shall be rated
for the condition of use, such as oil, grease, moisture, and thermal degradation that potentially occur in
service. Before testing, the clamping device is to be disassembled as it is for maintenance purposes and
then reassembled.

22.10 A bonding conductor or strap:

a) Shall not be smaller than the size specified in Column 2 of Table 20.1, see 22.11,

b) Shall not be smaller than the conductor supplying the component, or

c) Shall comply with Grounding Impedance Test, Section 51.
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Exception: A smaller conductor or strap is usable when it complies with Bonding Conductor Test, Section
55.

22.11 With reference to Column 2 of Table 20.1, where more than one size branch-circuit overcurrent
device is involved, the size of the bonding conductor or strap is to be based on the rating of the overcurrent
device intended to provide ground-fault protection for the component bonded by the conductor.

22.12 The bonding connection, the enclosure, the frame, or a component mounting panel shall not carry
current other than current resulting from an electrical malfunction.

Exception: An enclosure, frame chassis, or panel havmg bolted jomts is not restricted from carrying the
current of a lpu 3 through the
field-equipmant ground/ng means, the metallic raceway or other /nverter ground/ng means,| or the earth
ground.

22A Connection of Medium Voltage Conductor Shields

22A.1 Therg shall be provision for bonding the conductor shields of each:medium voltage field installed
conductor to the ground bus. These provisions shall be located:

a) Sugh that the shield bonding conductor need not exceed 1X5 m (4.92 ft), and

b) In the same compartment as the wiring terminal for the‘associated shielded conductors.
22B Grounfling of Medium Voltage Drawout Elements

22B.1 The Jnetal frame of all drawout elements shall be grounded in the test and connedted positions
and in all locgtions between these positions.

22B.2 When in the test position, all dead.metal parts that are likely to be touched by persons and are
likely to becdme energized shall be grounded. A dead metal part shall be considered likely to become
energized if the part contains or encloseés live parts above the limits defined in Table 13.1 copsidering the
unit rated installation location being wet or dry.

22C Grounfl Bus for Medium Voltage Equipment

22C.1 A ground bus:shall be provided for all medium voltage equipment, and shall extend into each
medium voltage compartment The ground bus shall be of equivalent cross-sectional |area to the
conductors shown in column 2 of Table 20.1. Splice bars shall be provided for field splicing sections as
needed.

23 Internal Wiring
23.1 General

23.1.1 The internal wiring of a unit shall consist of general-use building wire or appliance wiring material
rated for the temperature, voltage, and conditions of service to which the wiring is subjected. The
insulation of low voltage appliance wiring material shall comply with Table 23.1.

Exception: Appliance wiring material having an insulation thickness other than specified in Table 23.1
complies when the insulation ratings are equivalent to that specified with respect to temperature, voltage,
and conditions of service.
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Table 23.1
Appliance-Wiring Material

Thickness of insulation, mm (inch)?
Type of insulation 600-volt applications 300-volt applications
Thermoplastic 0.8 (1/32) 0.8 (1/32)>°
Rubber 0.8 (1/32) plus an impregnated braid cover 0.4 (1/64) plus impregnated braid cover
0.8 (1/32) without a braid cover
Neoprene 0.2 (3/64) 0.4 (1/64) plus an impregnated braid cover
0.8 (1/32) without a braid cover
Silicone rubbe 08 (1732 ptusarmimpregmated brafdcover 021764 ptusamrmpregmnated braid cover
0.8 (1/32) without a braid cover? 0.8 (1/32) without a braid cover®
Cross-linked synthetic polymer 0.4 (1/64) 04)(+/64)

@ The minimun) thickness is 0.71 mm (0.028 inch) for 0.8 mm-thick insulation; the minimum thickness,is 0.33 mm (d.013 inch) for
0.4 mm-thick ipsulation
® Shall not be Igss than 0.33 mm (0.013 inch) for short, moving pigtails or coil leads in a small device, where such |g

more than casyal contact with parts of opposite polarity or ungrounded parts.

¢ Shall not be Igss than 0.18 mm (0.007 inch) where routed away from live parts of opposite polarity and protected f
mechanical danage during installation of field wiring and while the equipment is in operation.

ads make no

fom

4 Applies only
field wiring ang

hen routed away from live parts of opposite polarity and protected-rém mechanical damage during
while the equipment is in operation.

installation of

23.1.2 Insu
insulated cor

ating tubing or sleeving shall not be used as insulation other than for a short length of

ductor, for example, a short coil lead, or similar component. Where so used:

a) The tubing or sleeving shall not be subjected to compression, repeated flexure, or gharp bends,

b) Th
edges

e conductor covered with the tubing or sleeving shall be well rounded and frge from sharp

¢) A ghrinkable tubing shall be used in accordance with the tubing manufacturer's instfuctions, and

d) Th than that for

which

e tubing or sleeving-shall not be subjected to a temperature or voltage highef
the tubing or sleeving is rated.

use, stranded
nductors as a
sulation. The

23.1.3 Whe
conductors s
result of the
conductors s

re wiring extends to a hinged door or other part that is subject to movement in
hall be émployed, and the arrangement shall preclude twisting or stressing of co
movement. The wiring shall be routed or protected against damage to the in
halk\bé secured so that stress is not transmitted to terminals or splices.

23.2 Protection of wiring

23.2.1 Internal wiring shall not be accessible from outside the enclosure in accordance with 11.1.

23.2.2 Wires within an enclosure, compartment, raceway, or similar housing, shall be located or
protected against contact with any sharp edge, burr, fin, moving part, or similar part, that is able to damage
the conductor insulation.

23.2.3 Mounting screws and nuts shall be constructed or located so that sharp edges do not damage
wiring. A screw shall have a flat or blunt end. The end of the screw shall not have burrs, fins, or sharp
edges that are able to abrade wire insulation, and the end shall not project more than 4.8 mm (3/16 inch)
into a wireway.
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23.2.4 A hole through which insulated wires pass in a sheet metal wall internal to the overall enclosure of
a unit shall be provided with smooth, rounded surfaces upon which the wires bear, to protect against
abrasion of the insulation.

23.3 Electrical connections

23.3.1

23.3.2 Asol

dered connection shall be made mechanically secure before being soldered.

Exception: A connection is not required to be mechanically secured before soldering when:

A splice or connection shall be mechanically secure and shall make reliable electrical contact.

a)As
is use

b)Ah
the bo

c) Sol
and sq

d) The
the led

23.3.3 Astr
of wire conta
accomplished
all strands tog

23.34 Ano
upturned end
screw or nut |

23.3.5 Ano
with the Stan
shall be inves

jr

and-soldered lead is passed through a hole in a printed wiring board.and bent 9
ard to make contact with the conductor before soldering,

Hering on a printed wiring board is done by a machine process’in which the s

lead wire is strapped in place, or the equivalent, adjacént to the soldered conn
d end in place.

hnded internal wiring connection shall be such.that it reduces the potential for |
tting dead metal parts or other live parts notéalways of the same potential. This
by the use of a pressure terminal connector, a soldering lug, a crimped eyelet
ether, or an equivalent means.

ben-end spade lug secured by a'screw or nut shall be secured by additional mg
5 on the lug, or bosses or shoulders on the terminal, to hold the lug in place in
bosens.

minal 0.110-, 0.1255,00.187-, 0.205-, or 0.250-inch wide quick-connect terminal
Hard for Electrical Quick-Connect Terminals, UL 310. Other sizes of quick-conn
stigated with respect to crimp pull-out, engagement-disengagement forces of t

and tab, and {emperaturetrises in accordance with UL 310.

23.3.6  Alum

9

J

inume—eonductors, insulated or uninsulated, used as internal wiring,

bldering or brazing material having a softening or melting point greater than 454

°C (849 °F)

0 degrees to

pbldering time

Ider temperature are automatically controlled — bending over of leads is not required, or

bction to hold

pose strands
is able to be
soldering of

ans, such as
he event the

shall comply
ect terminals
he connector

uch as for

interconnection between current- carrylng parts orina component wmdmg shall be termlnate ateach end

by a terminal

na A

wire-binding

screw or a pressure wire connector used as a termlnatlng dewce shaII be rated for use with aluminum
under the conditions involved — for example, temperature, heat cycling, vibration, and other similar

conditions.

23.3.7 A splice shall be provided with insulation equivalent to that of the wires involved unless
permanent spacings are maintained between the splice and other metal parts.

a) Splicing devices such as pressure wire connectors insulated for the voltage and temperature to

which

they are subjected are in compliance with this requirement.

b) Insulating tubing or sleeving used to cover a splice shall comply with 23.1.2.

c) Two layers of thermoplastic tape, or two layers of friction tape, or one layer of friction tape and
one layer of rubber tape, are able to be used on a splice when the voltage involved is less than 250
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volts. The use of thermoplastic tape wrapped over a sharp edge is not in compliance with the

requir

ement.

23.3.8 Open-end spade lugs and quick-connect terminals shall not be used for medium voltage circuits.

24 Live Parts

241

A current-carrying part shall be of silver, copper, copper alloy, aluminum, or the equivalent.

24.2 Uninsulated live parts and components that have uninsulated live parts shall be secured so they do
not turn or shift in position where such displacement results in a reduction of spacings below the minimum

values specifiecHrSpacings;Section26;-or-Alternate-Spacings—Clearances—and-Creepa
Section 27.

25 Separation of Circuits

25.1 Factory wiring

25.1.1 Insujated conductors of different circuits — see 25.1.2 — within & unit, including wires

box or comg
segregated f

Exception: H
rated for the

25.1.2 For
a) Cir
b) Cin
c) Cir
d) Inp
e)lso

f) AC

Exception: P

artment, shall be separated by barriers or segregated ‘and shall also be so
om uninsulated live parts connected to different circuits:

br insulated conductors of different circuits, whete each conductor is provided |
highest of the circuit voltages, no barriers or segregation are required.

he purpose of determining compliance with 25.1.1, different circuits include:
cuits connected to the primary and-secondary windings of an isolation transform
cuits connected to different isdlated secondary windings of a multi-secondary trg
Cuits connected to secondary windings of different transformers,
ut and output circuits of an optical isolator,

ated circuitsyand

power and\dc power circuits.

pwer.circuits that are derived from the taps of an autotransformer or similar com
de isolation — are not different circuiits.

e Distances,

in a terminal
separated or

vith insulation

er,

nsformer,

ponent — that

does not pro

25.1.3 Segregation of insulated conductors shall be by means of clamping, routing, or an equivalent
means that maintains permanent separation from insulated and uninsulated live parts and from

conductors o

f a different circuit.

25.1.4 Medium voltage wiring and low voltage shall be reliably separated. They shall not be bundled
together and shall not occupy the same raceway, wiring harness, or wire trough. Medium voltage wiring
operating at above 7200 V shall be separated from low voltage components and wiring by grounded metal
barriers, with the exception of short lengths of wire such as at instrument transformer terminals.

25.1.5 Medium voltage internal wiring may be shielded or unshielded wire. Shielded wire shall have the

shield bonde

d to the grounding system at one or both ends of the wire.
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25.1.6 Circuits that are connected to medium voltage circuits or circuits that do not have the required
isolation and the required spacing from adjacent medium voltage circuits shall be treated as medium
voltage circuits and shall comply with the medium voltage spacings defined in Table 26.1 as well as the
medium voltage tests in Section 47A for the highest voltage in either circuit.

25.2 Field wiring

25.2.1 A unit shall be constructed so that a field-installed conductor of a circuit is separated as specified
in 25.2.2 or separated by barriers as specified in 25.3.1 and 25.3.2 from:

a) Factory-installed conductors connected to any other circuit, unless the conductors of both
circuits are insulated for the maximum voltage of one of the circuits.

short circuit
urrent levels,

b) An
betwe
or inju

uninsulated live part of another circuit or from an uninsulated live part where-4
en the conductors involves a risk of fire, electric shock, electrical energyshigh c
Fy to persons.

c) Field-installed conductors connected to any other circuit unless:

1) Both circuits are Class 2 or Class 3 or both circuits are other than Class 2 or Class 3, and

2) Both circuits are insulated for the maximum voltage/of one of the circuits.

terminal of a

Exception: A
different circy
circuits, and h

25.2.2 Sep3
uninsulated li
enclosure for
the conducto
determining
service inclug
average care
compartment

25.2.3 With
minimum req
terminals, it i
opposite that
conductor en

field-installed conductor is not required to be separated from a field wiring
it where the field wiring is intended to be insulated for the maximum voltage
oth circuits are Class 2 or Class 3 or both cireuits are other than Class 2 or Clas

ration of a field-installed conductor -from another field-installed conductor

e part connected to another circuit\is-able to be accomplished by locating an o
the conductor opposite to the conductor terminal so that, when the installation
rs and parts of different circuits are separated by a minimum of 6.4 mm

vhether a unit having such.openings complies with this requirement, it is to b
ing 152.4 mm (6 inches) of slack in each conductor within the enclosure. N
is to be exercisedn routing the wiring and stowing the conductor slack in

reference t0'25.2.2, when the number of openings in the enclosure does no
lired for the.intended wiring of the unit, and where each opening is located opp
5 to belassumed that a conductor entering an opening is to be connected to
opening. When more than the minimum number of openings are provided, the p
tering an opening other than the one opposite the terminal to which it is in

connected ar
connected to

a different circuit is to be investigated.

bf one of the
5 3.

bnd from an
pening in the

is complete,
1/4 inch). In

B wired as in

o0 more than

fo the wiring

t exceed the
osite a set of

the terminal

ossibility of a

ended to be

=carrying parts

25.2.4 With reference to 25.2.1 — 25.2.3, conductors of all medium voltage circuits must always be
separated from conductors of all low voltage circuits, even if both are insulated for the highest voltage.

25.3 Separation barriers

25.3.1

A barrier used for separation between the wiring of different circuits shall be:

a) Grounded metal or 0.71 mm (0.028 inch) minimum thick insulating material, and

b) Supported so that it is unable to be readily deformed or displaced to defeat its purpose.
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25.3.2 A barrier used for separation between field wiring of one circuit and field or factory wiring or
uninsulated live parts of another circuit shall not be spaced more than 1.6 mm (1/16 inch) from the surface
that serves to provide separated compartments.

25.3.3 With reference to 25.3.1(a), insulating material is not considered a suitable barrier between
medium voltage circuits above 7200 V and all low voltage circuits. Circuits of 7200 V and greater shall be

separated from low voltage circuits by a grounded metal barrier.

26 Spacings

26.1

General

26.1.1 The

spacings in a unit shall not be less than specified in Table 26.1.

Exception N¢. 1: For low voltage circuits, where liners and barriers are employed,26.2.1 sh

determine th

Exception Ni
investigated

Exception N
the componsg

Exception N
Isolated Acc
these circuits

Exception N
only, and h3
Materials — U

Exception N
classification
(CTI) rating

b spacings.

D. 2: As an alternative to Table 26.1, the spacings in low-voltage circuits a
n accordance with Alternate Spacings — Clearances and Creepage Distances,

b. 3: The inherent spacings of a component shall comiply with the spacing req
nt.

D. 4: The spacings specified in Table 26.1_do not apply within a circuit that
essible Signal Circuits, Section 30, or Gontrol Circuits, Section 31. The spa
and other circuits shall comply with Table 26.1.

. 5: Spacings between adjacent foils on a printed wiring board involving low v
ving a conformal coating complying with the requirements in the Standard
se in Electrical Equipment.Evaluation, UL 746C, are not required to comply with

b. 6: On printed wiring boards involving low voltage circuits only, and having
of V-0 and constructed from a base material having a minimum Comparative T
of 175 volts, spacings (other than spacings to ground, between primary a

circuits, between the battery-supply circuit and other circuits and at field wiring terminal) are

between trad

a) Th

es of different'potential connected in the same circuit where:

b spacing complies with Reduced Spacings on Printed Wiring Boards Tests, Seg

b) An

all be used to

re able to be
ection 27.

uirements for

complies with
cing between

bltage circuits
for Polymeric
Table 26.1.

h flammability
racking Index
hd secondary

not specified

tion 54, or

s able to flow

analysis of the circuit indicates that no more than 12.5 milliamperes of current

between short-circuited traces having reduced spacings.

Exception No. 7: For multilayer printed wiring boards involving low voltage circuits only, the minimum
spacing between adjacent internal foils of opposite polarity and between an internal foil and a plated
through-hole shall not be less than 0.8 mm (1/32 inch).

Exception No. 8: Spacing requirements do not apply between adjacent terminals of a power switching
semiconductor device, including the connection points of the terminals of the device.

Exception 9: Where liners or barriers are employed for medium voltage circuits, Insulating Liners and
Barriers for Medium Voltage Circuits, 26.3, shall be applied.
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Table 26.1
Spacings

Potential involved,

Minimum spacings, mm (inch)

Between an uninsulated live part and an uninsulated live part
of opposite polarity, uninsulated grounded part other than the
enclosure, or exposed metal part®

Between an uninsulated live

part and the walls of a metal

enclosure including a fitting
for conduit or armored cable®

volts rms (peak) Through air Over surface Shortest distance
0-50 1,654 (1/16) 1.6%¢ (1/16) 1.6° (1/16)
(0-70.7)
Greater than 50 to 150 3.2¢d (1/8) 6.4¢ (1/4) 6.4 (1/4)
(70.7 to 21P.T)
Greater than 140 to 300 6.4 (1/4) 9.5 (3/8) 12.7 (1/2)
(212.1t0 424.2)
Greater than 300 to 600 9.5 (3/8) 12.7 (1/2) 12.7 (1/2)
(424.2t0 848.4)
Greater than|600 to 14 (0.55) 21.6 (0.85) 254 (1.0)
1000
(848.4 to 14414)
Greater than 1000 to 17.8 (0.7) 30.5 (1'2) 41.9 (1.65)
1500
(1414 to 2121)
Greater than 1500 to 25.4 (1.0) 50.8 (2.0) 76.2 (3.0)
2500°
Greater than 2500 to 50.8 (2.0) 889 (3.5) 101.6 (4.0)
7200°
Greater than 7200 to 15 101.6 (4.0) 124.3 (4.5) 127.0 (5.0)
kve
Greater than 15 kV to 153 (6.0) 203 (8.0) 203 (8.0)
38 kV°
@ For printed wifing boards, see Exceptions Nos. 2 ~7t0 26.1.1.
b A metal pieceattached to the enclosure shallbe investigated as a part of the enclosure where deformation of the gnclosure
reduces spacings between the metal piece and-uninsulated live parts.
¢ The spacing between field-wiring terminals of opposite polarity and the spacing between a field-wiring terminal and a grounded
dead metal par{ shall not be less than 6:4'mm (1/4 inch).
d At closed-in pgints only, such as a.strew and washer construction of a insulated stud mounted in metal, the spacing shall not be
less than 1.2 mfn (3/64 inch).
¢ Because of thg effect of configuration, spacings in excess of those indicated values may be required to meet the Impulse
Withstand Test pnd Power Frequency Withstand Voltage Test performance requirements of this standard.
26.1.2 Uninsulated live parts connected to different circuits shall he in\/peﬁga’rnd as thaot |gh they are parts

of opposite polarity and on the basis of the highest voltage involved. See Maximum-Voltage
Measurements, Section 45.

26.1.3 The spacing at a field wiring terminal is to be measured with wires representative of field wiring in
place and connected to the terminals as in actual service.

26.1.4

In a multi-component unit, the spacings from one component to another, from any component to

the enclosure, and to another uninsulated dead metal part (excluding the component mounting surface),
are to be based on the maximum voltage rating of the complete unit and not on the individual component
ratings. The inherent spacings of an individual component is to be investigated on the basis of the voltage
used and controlled by the individual component. Spacings between metal oxide varistors, capacitors, and
other components shall comply with Table 26.1.
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Exception: Components that comply with the requirements in the Standard for Fixed Capacitors for Use in
Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for Electromagnetic Interference
Suppression and Connection to the Supply Mains, UL 60384-14, are not required to comply with Table
26.1.

26.1.5 Spacings for a fuse and fuseholder are to be measured with a fuse in place that has the maximum
standard dimension for the rating, and such spacings shall not to be less than those specified in Table
26.1.

26.1.6 Where an uninsulated live part is not rigidly secured in position by means other than friction
between surfaces, or where a movable dead metal part is in proximity to an uninsulated live part, the
construction shall be such that for any position resulting from turning or other movement of the parts in
question, at lpast the minimum required spacings shall be maintained.

26.1.7 With reference to 26.1.6, a lock washer is one means of rigidly securing a part!
26.1.8 Spafings to film coated wire are to be investigated as though the wirejis ‘an uninsulated live part.

26.1.9 Spatings within the circuits described in (a), (b), or (c) that are™not safety circuits shall be such
that the circyit complies with Dielectric Voltage-Withstand, Section 47 'Spacings between fthese circuits
and the enc|osure, grounded dead metal, and other circuits shalll comply with the appligable spacing
requirementg of this Standard.

a) Serondary circuits supplied by a transformer winding rated less than 200 volt-anjperes or at a
potential of 100 volts or less,

b) Battery circuits at a potential of 100 volts orlless, or

c) A gircuit derived from a battery ratediover 100 volts in which the voltage within the circuit is
limited to 100 volts or less by a regulating network complying with the requirement in 31.11.

26.2 Insuldting liners and barriersfor low voltage circuits

26.2.1 With reference to Excéption No. 1 to 26.1.1, an insulating liner or barrier of maferial such as
vulcanized fiber is able to be-used when it is:

a) Not the sole stipport for uninsulated live parts involving a risk of fire, electric shock, or electrical
enerdy-high cutfent levels,

b) Not less than 0.71 mm (0.028 inch) thick, and

c) Located so that it is not adversely affected by arcing.

Other insulating materials used as a barrier or as direct or indirect support of uninsulated live parts
involving a risk of fire, electric shock, or electrical energy-high current levels shall comply with the
requirements in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception No. 1: Vulcanized fiber not less than 0.33 mm (0.013 inch) thick is usable when:

a) In conjunction with an air spacing of not less than 50 percent of the minimum through air spacing
as specified in Table 26.1, and

b) Between a heat sink and a metal mounting surface, including the enclosure, of an isolated
secondary circuit rated 50 volts rms or less.
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Exception No. 2: Mica shall be not less than 0.165 mm (0.006 inch) thick when used as insulation
between a heat sink and a live case of a semiconductor device.

26.2.2 Insulating tubing complying with the requirements in the Standard for Extruded Insulating Tubing,
UL 224, is usable for insulating a conductor including a bus bar in lieu of the minimum specified spacings
and insulating a capacitor case in lieu of bonding the case for grounding, when the following conditions are
met:

a) The conductor is not subjected to compression, repeated flexing, or sharp bends,

b) The conductor or case covered with the tubing is well rounded and free from sharp edges,

c)Th

F P + ol <l whlatlo £ 4 \l H 4 'H <l
WII |9 1o UoTU ITT alLuTuarlivt Wil uic riartuiaGiurcr o mMiotrucvuvurio, altd

d) The
tubing

conductor or case is not subjected to a temperature or voltage higher thanthat|for which the

is rated.

26.2.3 A wi

Chloride, Pol
are met:

a) Th

ap of thermoplastic tape, complying with the requirements in the Standard
ethylene, and Rubber Insulating Tape, UL 510, is usable when all of the followi

e wrap is no less than 0.33 mm (0.013 inch) thick, is¢applied in two or more |

for Polyvinyl
ng conditions

pyers, and is

used ip conjunction with not less than one-half the required\through-air spacing.

b) Thg wrap is not less than 0.72 mm (0.028 inch) thick where used in conjunction with less than

one-half the required through-air spacing.

¢) Thg temperature rating of the tape is not less than the maximum temperature obg
the temperature test.

erved during

d) The tape is not subject to compression.

e) Thq tape is not wrapped over.a sharp edge.

26.3 Insulating liners and barriers for medium voltage circuits

26.3.1 Vulcanized fiber shall not be used as an insulating barrier for medium voltage circuits
26.3.2 Matsg
have a minim
510.

rials used<@s barriers for medium voltage circuits that are not in contact with li
um flammability rating of HB. Insulating tapes shall meet the flame test requirg

e parts shall
ments of UL

26.3.3 Rigid sheet, molded, or cast insulating materials in contact with medium voltage live parts shall
have a minimum flammability rating of V-0.

26.3.4 Shrinkable type tubing and insulation applied to conductor by dipping, molding, fluidized bed
coating, or similar processes that cause the insulation to adhere to the conductor shall meet the
flammability requirements for Applied Insulation and the thermal cycling withstand tests in IEEE C37.20.2,
the Standard for Metal-Clad Switchgear.

27 Alternate Spacings — Clearances and Creepage Distances for Low Voltage Circuits

27.1 Other than specified in 27.2 and 27.3, as an alternative approach to the spacing requirements
specified in Spacings, Section 26, clearances and creepage distances are able to be investigated in
accordance with the requirements in the Standard for Insulation Coordination Including Clearances and
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Creepage Distances for Electrical Equipment, UL 840, as described in 27.4. See Maximum-Voltage
Measurements, Section 45.

27.2 The clearances between an uninsulated live part and the walls of a metal enclosure, including
fittings for conduit or armored cable, shall be as specified in Table 26.1. The clearances are to be
determined by physical measurement.

27.3 The clearances and creepage distances at field wiring terminals shall comply with Spacings,
Section 26.

274 In conductlng |nvest|gat|ons in accordance W|th the requirements |n the Standard for Insulation
Coordination UL 840, the
following sh3

a) Unless specified elsewhere in this Standard, the pollution degree 3 applies,
b) Anlinverter shall comply with the requirements for Overvoltage Categery’1V,

c) Pollution degree 2 applies on a printed wiring board between adjaeent conductive material which
is coered by any coating which provides an uninterrupted covering over at least ong side and the
complete distance up to the other side of conductive material,

d) All|printed wiring boards shall be identified as havingya.minimum Comparative Tracking Index
(CTI)Jof 100 without further investigation.

e) The use of a coating which complies with the requirements for conformal cdatings in the
Standard for Polymeric Materials — Use in‘Electrical Equipment Evaluations, UL 746C is in
compliance with the requirements of UL 840.to achieve pollution degree 1,

f) Poljution degree 1 is achievable at a“specific printed wiring board location by application of at
least fa 0.79 mm (1/32 inch) thick layer of silicone rubber or for a group of printed wiring boards
through potting, without air bubbles;‘in epoxy or potting material,

g) The Phase-to-Ground Rated’System Voltage used in the determination of Clearances shall be
the equuipment rated supply. voltage rounded to the next higher value (in the table fdr determining
cleargnces for equipmént) for all points on the supply side of an isolating transformef or the entire
prodyct when no isolating transformer is provided. The System Voltage used in the|evaluation of
secorjdary circuiteyyis able to be interpolated across the table for the Rated Impulse Withstand
Voltage Peak.andClearance, and

h) Dgtermination of the dimensions of clearance and creepage distances shall be|conducted in
accordance with the requirements for Measurement of Clearance and Creepage Distances of UL
840.

27.5 This section does not apply to medium voltage components, equipment and circuits.

28 Insulating Materials

28.1 General

28.1.1 A polymeric material on which uninsulated live parts is mounted shall be Classed V-0, V-1, or V-2
in accordance with the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and

Appliances, UL 94. The use of a material Classed V-2 requires the use of an enclosure without ventilation
openings. Drain holes are not prohibited regardless of the material Class.
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Exception: This requirement does not apply to a material supporting only live parts connected in low-
voltage, limited-energy (LVLE) circuits where deterioration of the material does not involve a risk of fire or
electric shock.

28.1.2 Vulcanized fiber shall not be used as the sole support of an uninsulated live part where shrinkage,
current leakage, or warpage introduces a risk of fire or electric shock. Electrical grade vulcanized fiber is

able to be used for an insulating bushing, a washer, a separator, or a barrier.

Exception: Vulcanized fiber shall not be used in contact with, or to support, medium voltage parts.

28.1.3 A polymerlc materlal used to support an unmsulated live part or parts, shall comply with the

requirements fc
dielectric stre
Standard for
Polymeric M3

28.2 Barrie
28.2.1 Anin
spacings sha

it is not adver]

Exception: VU

ngth in the Standard for Polymerlc Materlals - Short Term Property Evaluat|o
Polymeric Materials — Long Term Property Evaluations, UL 746B; and-the
terials — Use in Electrical Equipment Evaluations, UL 746C.

rs for low voltage circuits
sulating barrier of vulcanized fiber, thermoplastic, or other material used in lie
I not be less than 0.71 mm (0.028 inch) thick and shall be’so located or of such

sely affected by arcing.

Icanized fiber not less than 0.33 mm (0.013 inch)thick is usable:

pnjunction with an air spacing of not less than;50 percent of the minimum throug
cified in Table 26.1, and

ween a heat sink and a metal mounting surface, including the enclosure, o
Hary circuit rated 50 volts rms or |ess.

btion used in lieu of required_spacings between a magnet-coil winding and othe
rounded dead metal parts,sshall comply with 28.2.1.

section does not apply to medium voltage components, equipment and circuits.

DIrs

a) In ¢
as spe
b) Be
secon
28.2.2 Insul
live parts or g
28.2.3 This
29 Capacits
29.1 A cap3

filled shall covlnply with the Standard for Capacitors, UL 810.

citor_used for electromagnetic interference elimination or power-factor correct

ame-propagation, and

s, UL 746A;
Standard for

u of required
material that

h-air spacing

I an isolated

I uninsulated

on that is oil

Exception: The container of the capacitor is able to be of thinner sheet metal or be of material other than
metal, where the capacitor is mounted inside a unit having an enclosure that complies with the
requirementsin 7.1.1 — 7.5.1 without Exceptions.

29.2 A capacitor connected across an input/output ac circuit that is connected to a utility shall comply
with the requirements for across-the-line capacitors in the Standard for Fixed Capacitors for Use in
Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for Electromagnetic Interference
Suppression and Connection to the Supply Mains, UL 60384-14.

Exception: This does not apply to medium voltage components, equipment and circuits.
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30

30.1

Isolated Accessible Signal Circuits

communication port and similar connections, shall comply with 30.2 and 30.3.

An isolated accessible signal circuit having means for external connections, such as a RS232

30.2 A signal circuit that extends outside of a unit shall be an isolated circuit and shall be isolated from
internal circuits having a voltage involving a risk of electric shock, as determined in accordance with
Electric Shock, Section 13, by one of the following:

a) An optical isolator, complying with the Standard for Optical Isolators, UL 1577, having an

isolati

on voltage rating of not less than the test potential required in 47.1,

b) A

General Requirements, UL 5085-1, and the Standard for Low Voltage Transformérs<

2 an
autot

c)Ad
Part
and C

d) An
Contn

e)A

30.3 The m
comply with §

30.4 The 1
overcurrent (i
values specit

Isolation transformer complying with the Standard for Low Voltage Transforn

Class 3 Transformers, UL 5085-3, or an isolation transformer asdefined
ansformers are excluded,

apacitor complying with the Standard for Fixed Capacitors for Use in Electronig
4: Sectional Specification: Fixed Capacitors for Electromagnetic Interference
onnection to the Supply Mains, UL 60384-14,

electro-mechanical relay complying with the requirements in the Standard
pl Equipment, UL 508, or

oltage regulating network where:
1) The voltage being isolated is not directly derived from the ac circuit, and

2) The network does not involve @;risk of electric shock at the external ¢
determined in accordance with Electric Shock, Section 13, or as indicated by §
and effect analysis in accordahce with the method described in the Standarg
Safety-Related Controls Employing Solid-State Devices, UL 991.

aximum power voltage and current available from an isolated accessible sign
81.4 — 31.11.

haximum power’ available from an isolated accessible signal circuit that
rotection dévice to limit the current as described in the Exception to 31.4 shall n
ied in Table 30.1.

Table 30.1

ers — Part 1:
Part 3: Class
in 2.1.26 —

Equipment —
Suppression

for Industrial

onnection as
failure mode
for Tests for

bl circuit shall

employs an
ot exceed the

Maximum Power of Isolated Accessible Signal Circuits

Circuit voltage, volts rms

Maximum power, volt-amperes

More than 15 and not greater than 60

350
250

15 or less

30.5 Accessible signal circuits shall be galvanically isolated from medium voltage circuits by medium
voltage transformers, optical fiber systems, or connected through a voltage divider complying with Section
36A. The signal circuit shall comply with the maximum voltage, current, and power levels described in 30.3
and 30.4.
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31 Control Circuits

31.1 A control circuit that is a low-voltage, limited-energy (LVLE) circuit or a limited-energy (LE) circuit is
able to be connected to a single-point reference ground.

31.2 Other than for safety circuits, as indicated in 31.3, a low-voltage, limited-energy (LVLE) circuit is not
required to be investigated. Printed-wiring boards and insulated wire used in such circuits shall comply
with 23.1.1 and 35.1.

31.3 A control circuit that is a safety circuit shall be investigated in accordance with the requirements for
primary circuits.

that does not
nt are limited

31.4 Acont
extend out of

ol circuit, including associated electronic components on printed wiring boards,
the unit is not required to be investigated where the maximum voltage and cufre

as specified in (a) and (b). Printed wiring boards and insulated wires used in such circuits shall comply with
23.1.1and 39.1.
a) Theg voltage shall not exceed the limits specified in Table 13.1, and
b) Thg current shall not exceed:
1) Eight amperes for 0 — 42.4 volts peak ac, or 0 — 30welts dc, or
2) Amperes equal to 150 divided by the maximum voltage for 30 — 60 volts dc. Pee 31.5.
Exception: The maximum current specified is able;to be exceeded where the circuif includes an

overclrrent protective device as described in 31.8 and 31.9.

31.5 With rd
including sho
maintain max

31.6 With r
specified in 4
supply a full-v

31.7 When
construction
manual-reset
limited in acc

ference to 31.4(b), the maximum current is to be measured under any conditi

It circuit using a resistor that is, to) be continuously readjusted during the 1-min

mum load current; however,the Value indicated in (b) is not to be exceeded.

bference to 31.4(a), measurement is to be made with the unit connected tg
/.1 and with all loading circuits disconnected. When a tapped transformer windi

Vave rectifier, voltage measurement is to be made from either end of the winding

the control ircuit specified in 31.4 is not limited as to available short-circuit ¢

bf a transformer, and the circuit includes one or more resistors, a fuse, a n
protective device, or a regulating network — see 31.11 — the circuits in which f{

prdance with 31.8, 31.9, or 31.10 are not required to be investigated.

bn of loading
ute period to

the voltage
ng is used to
to the tap.

urrent by the
onadjustable
he current is

31.8 A fuse or circuit-protective device used to limit the current in accordance with 31.7 shall be rated or
set at not more than the values specified in Table 31.1.

Table 31.1
Rating for Secondary Fuse or Circuit Protector

Circuit voltage, Vrms

Maximum overcurrent protection, amperes

More than 20 and not greater than 60

5
100/\?2

20 orless

@V is the maximum output voltage, regardless of load, with the primary energized in accordance with 47.1.
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31.9 A fuse or circuit-protective device connected to the primary of a transformer to limit the current in
accordance with 31.7 shall be equivalent to that specified in 31.8 as determined by conducting the
Overcurrent Protection Calibration Test, Section 52.

Exception: The Overcurrent Protection Calibration Test, Section 52, does not apply when the combination
of a fuse or overcurrent protective device and a transformer complies with the Standard for Low Voltage
Transformers — Part 1: General Requirements, UL 5085-1, and the Standard for Low Voltage Transformers
— Part 3: Class 2 and Class 3 Transformers, UL 5085-3.

31.10 A regulating network or one or more resistors used to limit the current in accordance with 31.7
shall be such that the current under any condition of load, including short circuit, does not exceed the

values indicated in 31.4(b)
31.11  Whete a regulating network is used to limit the voltage or current in accordance with(31.4 — 31.10,
and the perfprmance is affected by malfunction (short circuit or open circuit) of any single [component —
excluding shert-circuiting a resistor — the network:

a) Shall comply with the tests specified in 31.13, and

b) Critical components identified by the failure mode and effeét analysis in accordance with the

Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL (991, shall be

deratgéd in accordance with the Electronic Reliability DesigmHandbook, Military Handpook Number

338-1988.
31.12 In a ircuit of the type described in 31.7, the secondary winding of the transformdr, the fuse or
circuit protedtive device, or the regulating network, and-all wiring up to the point at which the current and
voltage are limited shall be investigated in accordance with the applicable requirements in this Standard.
31.13 With| reference to 31.11(a), the regulating network shall comply with the follojving tests in
accordance with the method described in the“Standard for Tests for Safety-Related Contrgls Employing
Solid-State Qevices, UL 991. See 31.14.

a) Trgnsient Overvoltage Test,

b) Ramp Voltage Test,

c¢) ElectromagneticiSusceptibility Tests,

d) Eldctrostatic\Discharge Test,

e) ThermalCycling Test,

f) Humidity Test, and

g) Effects of Shipping and Storage Test.

31.14 The following test parameters are to be used in the investigation of a regulating network covered

by 31.13.

a) Electrical supervision of critical components applies,

b) Audibility is usable as a trouble indicator for an electrical supervision circuit,

c) Afi

eld strength of 3 volts per meter is to be used for the Radiated EMI Test, and

d) Exposure Class H5 is to be used for the Humidity Test.
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32 Low Voltage Overcurrent Protection

321

32.1.1
replacement,

General

or resetting, shall be accessible:

a) From outside of the enclosure, or

b) Behind a hinged cover —see 7.2.1.

An overcurrent protective device, the intended functioning of which requires renewal,

Exception No. 1: A protective device that is normally unknown to the user because of its location and

omission of réference to the device in the operating instructions provided with the unit is not.r

accessible.

Exception Ng

and the load are contained within the same enclosure.

32.1.2 The
are able to b
connected to

32.1.3 The
fuse are live,

32.1.4 A fus
they are conr
wire, circuit.

32.1.5 Afus

Exception: A
Personnel, S{

32.1.6 Aplu
321.7 Ana

or circuit bre
available fron

. 2: A control-circuit fuse does not require renewal as an intended.function W

screw shell of a plug-type fuseholder and the contacts, including associated |
e contacted by the probe illustrated in Figure 11.1, of an-extractor-type fusehd
vard the load.

ype of fuseholder described in 32.1.2 shall not.be‘used in circuits where both
such as between an inverter and the utility or between a charge controller and a

e and a fuseholder shall have voltage and current ratings not less than the ci
ected. A plug fuse shall not be used in%a circuit exceeding 125 volts or in a 125

eholder shall be of the cartridge, plug, or extractor type.

fuse intended to be, replaced only by service personnel — see Protectio
pction 12 — that is bolted'in place meets the intent of this requirement.

g-type fuseholder shall be of the Type S construction.

bpliance-pfotector used in the output circuit of an inverter in lieu of a branch-circ
pker shall have a short-circuit interrupting rating not less than the maximum
h the inverter and shall comply with the requirements in the Standard for S

cquired to be

hen the fuse

ve parts that
Ider shall be

5 ends of the
pattery.

cuit in which
250 volts, 3-

h of Service

Lit rated fuse
fault current
pplementary

Protectors for

Use in Electrical Equipment, UL 1077.

32.1.8 Acircuit breaker in the input or output circuit shall open all ungrounded conductors of the circuit. A
multipole circuit breaker shall be a common trip type.

Exception: Single-pole circuit breakers with handle ties, the combination of which complies with the
applicable requirements in the Standard for Molded-Case Circuit Breakers, Molded-Case Switches and
Circuit-Breaker Enclosures, UL 489, are usable as the protection for each ungrounded conductor
supplying line-to-line connected loads of equipment rated for connection to one of the following circuits of
a grounded system, where no conductor involves a potential to ground in excess of 150 volts (see 67.9):

a) In a single-phase circuit,

b) In a 3-wire dc circuit, or
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¢) In a circuit that is connected to a 4-wire, 3-phase; or 5-wire, 2-phase, system with a grounded
neutral.

32.1.9 A unit shall be marked in accordance with 67.6 when it is provided with overcurrent protection

consisting of

an interchangeable fuse and when the fuse is:

a) Accessible to the user, or

b) Used to comply with the requirements in this Standard.

32.1.10 An overcurrent protective device shall not be connected in the grounded (neutral, in an ac
circuit) side of the supply circuit unless the protective device simultaneously disconnects the grounded and

ungrounded

32111  Ten
cutoffs, appli
the Abnorm
component.

32.1.12 Oy
circuits in ac
the Standard
UL 489. The
inverter.

Exception: T
by malfunctid

32.1.13 Un
having overg
input or out
accordance

conductors of the supply circuit.

hperature or current-sensitive devices such as temperature limiting thermos
bnce protectors, fuses, circuit breakers, or similar devices that are relied upon t

5ee Components, 3.
cordance with 32.2.1 — 32.2.5 shall comply with the calibration and interrupt re

for Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breake
interrupt test is to be based on the maximum rated short circuit current avail

hese requirements do not apply to overcufrent protection whose performance i
n of any single component that is short-Gircuited or open-circuited.

ts having overcurrent protective-dévices connected directly to input or outpu
urrent device terminals serving as inputs or outputs shall have labels or markin
but terminals showing conductor temperature limitations for field installed
vith Section 110.14 of thé National Electrical Code, ANSI/NFPA 70.

32.2 Low Voltage Control circuit overcurrent protection

3221 A cq
component g

Exception: A
overcurrent fi

ntrol circuit_that extends from the unit to a remote control panel, status paneg
hall be protected in accordance with 32.2.2 — 32.3.2.

h external control circuit derived from a Class 2 transformer is not required to be
retéction.

tats, thermal
b comply with

bl Tests, Section 50, shall comply with the requirements applicable to t{he particular

ercurrent protection employing solid-state component circuitry used for protection of control

quirements in
r Enclosures,
able from the

s not affected

I terminals or

s near those

ronductors in

, or a similar

provided with

32.2.2 The overcurrent protective device specified in 32.2.1 shall be a circuit breaker or fuse that is:

a) Rated for branch-circuit overcurrent protection, or

b) In compliance with 32.1.6.

When the protective device is a fuse, the unit shall be marked in accordance with 67.6.

32.2.3 A Class 1 power-limited circuit, in accordance with the National Electrical Code, ANSI/NFPA 70,
used to supply an external control circuit shall be supplied from a source having a rated output of no more
than 30 volts and 1000 volt-amperes. When the source is other than a transformer, the circuit shall be
protected by an overcurrent protection device rated no more than 167 percent of the volt-ampere rating
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divided by the rated voltage. The overcurrent device shall not be interchangeable with overcurrent devices
of higher ratings.

32.2.4 An external control circuit derived from the secondary of a transformer other than that described
in 32.2.3 and the Exception to 32.2.1 shall be provided with overcurrent protection in accordance with
32.2.5. For a transformer not having a rating, the rated primary or secondary current specified in 32.2.5 is
to consist of the maximum current during normal operation of the unit.

32.2.5 A transformer used to supply a control circuit shall be provided with overcurrent protection in the
primary circuit rated as indicated in Table 32.1.

Excepﬁon N 1- Where the rated. primar}/ cLurent of the transformer is Q SHIPEres—or ore and 125

percent of this current does not correspond to a Standard rating of fuse or circuit breaker,the next higher
Standard ratipg of protective device shall be used. Standard ratings of protective devices.are specified in
Section 240.4 of the National Electrical Code, ANSI/NFPA 70.

Exception Nq. 2: Where the rated secondary current of the transformer is.\less than 9 amperes, the
overcurrent pfotection in the secondary circuit is able to be rated or set at no_ more than 167 percent of the
rated secondary current.

Exception Ng. 3: Where a control circuit is derived from the secondary of a transformer that is provided
with primary ¢ircuit overcurrent protection rated at no more than 250'percent of the rated primary current of
the transformgr, additional overcurrent protection is not required in the primary circuit where the secondary
circuit is protgcted at no more than 125 percent of the rated‘secondary current of the transformer.

Table32.1
Primary Overcurrent Protection for Control Circuit Transformers

Maximum rating of overcurrent device, percent of
Rated primary current, amperes transformer primary current rating
Less than 2 300
2 or more and less than 9 167
9 or more 125

32.3 Low vopltage output ac power circuit overcurrent protection

32.3.1 An 4dc output”power circuit shall be provided with overcurrent protection for all| ungrounded
conductors a$ desgcribed in 32.3.2 and 32.3.3. The voltage rating of the overcurrent protection shall not be
less than thelrati ircuit wi ich it i i ircuit shall be
based on the phase-to-phase voltage. The overcurrent protection device shall be a circuit breaker or a
fuse rated for use as branch circuit protection.

Exception: Overcurrent protection is not required to be provided with a unit having provision for permanent
wiring connection of the output circuit and the instruction manual indicates that the overcurrent protection
is to be provided by others. See 69.4(Q).

32.3.2 For a unit having provision for permanent wiring connection of the ac output power circuit, the
rating of the overcurrent protection shall not exceed the ampacity of the conductors intended to be
connected to the unit as determined in accordance with 18.1.3.

32.3.3 Where a unit includes one or more attachment-plug receptacles for connections to the ac output
circuit, overcurrent protection shall be provided for each receptacle. A single overcurrent protection
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device, whose rating does not exceed the ampere rating of any receptacle connected to it, is usable when
all receptacles are connected in parallel.

Exception: Two or more 15 ampere rated receptacles in a unit with 12 AWG (3.3 mm?) minimum internal
wiring are able to be protected by a 20 ampere overcurrent protection device.

32.3.4 Where the unit uses a trunk cable or other output cable to connect multiple units in parallel without
an overcurrent device for the output of each unit, the requirements of 32.3.1 and 32.3.2 shall be met for
the individual unit and the combined output of all units connected in parallel. The instruction manual shall

include the requirements found in 69.4(U).

32.4 Batter

324.1 Aurn
rating as req
requirementg

Exception: G

statement indlicated in 69.4(Q).

324.2 The
accordance

3243 The
component
devices, or s

3244 The
intended to |
18.1.3 under

32A Medium Voltage Overcurrent Protection

ircuit

it intended for connection to a battery circuit shall have a maximum inputShort-
uired in Table 65.1 and shall be provided with overcurrent protection .comp
described in 32.4.2 - 32.4.4.

vercurrent protection is not required to be provided when the.instruction manud

overcurrent protective device shall be dc rated and-shall be for branch-circuit
vith the National Electrical Code, NFPA 70.

protective device shall be located adjacent to.the battery connecting means
vhich is able to malfunction under shori-cirCuit conditions such as capacito
milar components.

rating of the overcurrent protective-device shall be based on the ampacity of th
e connected between the unit'and battery as determined from the requiremen
inverter mode operating conditions.

circuit current
ying with the

| contains the

protection in

ahead of any
s, solid-state

e conductors
t described in

32A1 Gengpral

32A.1.1 Overcurrent.protection in a three phase circuit shall protect all ungrounded conduictors. Circuit
breakers shdll open@llphases of the protected circuit. When fuses are used, there shall be a fuse in each
ungrounded phase:of the circuit.

32A12 M

diurm vottage fuses shattbe tocatedsuciT that they tan be accessed for rept

after the entire circuit is de-energized.

cement only

32A.1.3 Medium voltage fuses shall provide both short circuit and overload protection for the protected
circuit and conductors, unless they are properly coordinated with overload protection within the equipment,
for example, by using medium voltage motor-circuit fuses in combination with a contactor and overload
relay.

Note: UL 347 provides details regarding coordination of motor-circuit fuses and overload elements, including the requirements for
testing coordination at the take-over current.
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32A.2 Medium voltage switch gear control circuit overcurrent protection

32A.2.1 Voltage and current transformers used to monitor medium voltage switchgear circuits shall be
used to reduce the voltage of control circuits to 254 Vac or less. The voltage of DC control circuits shall not
exceed 280 Vdc.

32A.2.2 The primary circuits of all voltage transformers shall be protected by current limiting fuses.
Secondary circuits shall be protected by fuses or branch circuit type circuit breakers, with the exception of
circuits supplying voltage regulators or protective relays that are essential to proper operation of the
equipment. The secondary circuits of current transformers shall not be provided with overcurrent
protection.

32A.3 MediLJm voltage output ac power circuit overcurrent protection

32A.3.1 Meflium voltage output circuits shall be provided with overcurrent protection.\rated |or set for the
output current rating of the unit.

32A.3.2 The overcurrent protection required by 32A.3.1 may be provided.by medium voltagg fuses or by
a medium vqltage circuit breaker in combination with appropriate current transformers and protective

relay(s).
33 Panelbgard Features
33.1 This s¢ction covers panelboard features and functions, such as common busses, multiple panel

mounted autgmatic overcurrent devices that are accessiblé and intended for the control and|protection of
power and logd electrical circuits.

33.2 Panelhoards that are complete in construction and are separate from the equipment cqvered by this
standard, sugh as an accessory, shall comply.with the Standard for Panelboards, UL 67, and|also shall be
marked and include instructions in accordance with 68.2.

33.3 Paneldoard components shall comply with the applicable construction, performance, marking, and
rating requirements of the Standard\for Panelboards, UL 67, when they are:

a) Notfcomplete in construction,
b) Intgrnal to the.equipment covered by this standard, and

c) Accessible from outside the enclosure of the end product.

34 DC Ground Fault Detector/Interrupter

34.1 Inverters or charge controllers with direct photovoltaic inputs from a grounded photovoltaic array or
arrays shall be provided with a ground-fault detector/interrupter (GFDI). The GFDI shall be capable of
detecting a ground fault, providing an indication of the fault, interrupting the flow of fault current, and either
isolating the faulted array section or disabling the inverter to cease the export of power. The GFDI shall
comply with 34.2 — 34.6 and Sections 56 — 59.

Exception No. 1: AC modules are not required to be provided with a GFDI.

Exception No. 2: Inverters or charge controllers without GFDI devices may be used when the unit includes
markings in accordance with 69.4(S).
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34.2 The ground-fault detector/interrupter (GFDI) shall sense a ground fault, interrupt the ground-fault
current path and provide an indication of the fault when the ground-fault currents exceed the limits shown

in Table 34.1

Table 34.1
Maximum Allowable Ground Current Detection Settings

Device dc rating (kW)

Maximum ground-fault current detecting sett

ing (Amperes)

0-25
25-50
50-100

100 - 250
> 250

a Mo N -~

34.3 A ground fault detector/interrupter that has tripped in accordance with 34.2«shall not

automatic re

34.4 When
Interactive E

34.5 When
detector/inte

analysis in
Devices, UL

Hand Book N

34.6 When

A

[«

Closure.

a ground fault detector/interrupter trips as a result of utility loss of power in ac
uipment, Section 43, it shall be capable of automatic reclésure when power is r

umber 338-1988.

the analysis specified in 34.5<indicates that the malfunction of one or more

renders the ground fault detector/interrupter inoperative, the components shall comply with

for Tests for

34.7 Withr
the methods
Devices, UL

a) Tre

b) Ra

bafety-Related Controls Employing Solid-State Devices, UL 991. See 34.7 and 3

eference to 34.6, the.components are to be subjected to the following test in ac
described in the )Standard for Tests for Safety-Related Controls Employin
D91:

nsient Qvervoltage Test,

mp.Voltage Test,

the ground fault detector/interrupter incorporates. solid-state components, the
rupter circuit shall be analyzed to determine the effect of malfunction of an
excluding th¢ short circuiting of a resistor. Critical components identified by the failure mo
ccordance with the Standard for Tests for<Safety-Related Controls Employin
991, shall be derated in accordance with the Electronic Reliability Design Hand

be capable of

rordance with
pstored.

ground fault
y component
de and effect
g Solid-State
book, Military

components
the Standard
4.8.

cordance with
g Solid-State

c) El

ctrommagneticSuscteptibitity Tests;

d) Electrostatic Discharge Test,

e) Thermally Cycling Tests,

f) Humidity Test, and

g) Effects of Shipping and Storage Test.

34.8

For the tests specified in 34.7:

a) Electrical supervision of critical components applies,

b) Audibility is usable as a trouble indicator for an electrical supervision circuit,
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c) A field strength of 3 volts per meter is to be used for the Radiated EMI Test, and

d) Exposure class H5 is to be used for the Humidity Test.

34.9 An integral ground-fault detector/interrupter (GFDI) or a separate device shall not be linked to any
main photovoltaic disconnect (internal or external to the unit) and operation of the main photovoltaic
disconnect shall not affect the normal grounding of the system.

34.10 An integral ground-fault detector/interrupter (GFDI) or a photovoltaic inverter intended for
operation with a separate GFDI shall be marked in accordance with 67.15.

34A PVDC

34A.1  Equif
portions of t
PVRSE, PVI

normal opergting condition during evaluation according to applicable UL 1699B requireme

including, but

34A.2 Equip
components

system dc cir
interfere with
attenuation of

Note: Switching
circuits can interf
standard. Howe
protection functig

a) Eval
proced(
range,
contriby

arc-faulf protection functionality. The test procedures and noise levels are part of a proposal, which is still

and will
b) Eval

Standa
interferg

35 Printed-

Arc-Fault Protection

ne Standard for Photovoltaic (PV) DC Arc-Fault Circuit Protection, UL 169
E and other electronics that are connected within PV array strings,. shall be

not limited to, those defined for PV AFCI for use with PV DC to DC converters.

ment and systems such as, but not limited to, PVRSE; PVRSS, and PV

Cuits, which are required to have PV DC arc-fault protection shall be evaluated
the PV DC arc-fault protection functionality. Interference includes filtering, n
arc signals.

noise and input filter capacitance from such equipment and systems integrated or connected t
ere with the PV DC arc-fault protection functionality. Electromagnetic compatibility testing is outside
er, manufacturers should ensure that such equipment and systems will not interfere with the
nality. Both of the following should be considered:

hate the conducted emissions from such equipment and systems back to PV system dc circuit
res in CISPR 11:2015 for dc ports-ffom 9kHz to 150kHz. Since CISPR 11 does not have limits fd
bvaluate the PV system dc eiretits with and without such equipment and systems to detern
tion. This noise contribution, especially broadband noise and switching noise, should not interfere

be proposed in the future:
hate the suitability\of/the input impedance of such equipment and systems using the applicable]

d for Photovoltaic. (PV) DC Arc-Fault Circuit Protection, UL 1699B, to verify that the input filter
with the P\V'DCrarc-fault protection functionality.

Wiring Boards

ment that includes PV DC arc-fault protection functionality shall comply with' the applicable

OB. PVRSS,
present in a
ts and tests

E that have

such as, but not limited to, power supplies and capacitors integrated or connected to PV

and shall not
hasking, and

PV system dc
he scope of this
PV DC arc-fault

5 using the test
r this frequency
hine noise their
with the PV DC
eing worked on

sections of the
lesign does not

35.1

A printed-wiring board in a unit shall comply with the Standard for Printed-Wiring Boards, UL 796.

For a unit with miscellaneous or ventilation openings in the enclosure, the board shall be classed V-0 or V-
1 in accordance with the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94. The use of a material Classed V-2 requires the use of an enclosure without openings.
Drain holes are not prohibited regardless of the material Class.

Exception: This requirement does not apply to a printed wiring board connected only in low-voltage,
limited-energy (LVLE) circuits and where deterioration or breakage of the bond between a conductor and
the base material does not result in a risk of fire or electric shock.
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36 External Transformers

36.1 A manufacturer-specified external isolation transformer, see 2.1.31, shall comply with the Standard
for Dry-Type General Purpose and Power Transformers, UL 1561, or the Standard for Transformers,
Distribution, Dry-Type — Over 600 Volts, UL 1562, whichever applies.

36.2 A product that measures the utility voltage and frequency through a manufacturer-specified external
isolation transformer that is also used to export power to the EPS shall be provided with that manufacturer-
specified external isolation transformer.

36.3 A product, not covered by 36.2, that uses a manufacturer-specified external isolation transformer

shall be provided-with-instructions-in-accordance-with-68.2.8

36A Voltage Dividers

36A.1 This
provide volta
compliance

36A.2 Voltg
sections and

36A.3 Each
in series.

36A.4 Each
connected in

36A.5 Accq
requirementg

36A.6 No
considered t

36A.7 Othg
components
and compon
low voltage g

section covers voltage dividers intended to be used in equipment rated ov|
ge measurement or signaling. While these voltage dividers do nét provide galv
vith this section provides protection for accessible signal circuits as required by 3

ge dividers shall consist of a minimum of two sections, including one or
one or more low voltage sections.

primary section of a voltage divider shall consist.ef no less than two componen

low voltage section of a voltage divider shall consist of no less than two
parallel.

ssibility of live parts of a voltage divider shall be judged based on the
elsewhere in this standard.

ortion(s) of any primary section of a voltage divider shall be located in a
be a low voltage compartment.

r than at the junction point between the primary and low voltage sections of a v
and wiring).0f the low voltage section(s) of a voltage divider shall be separate
bnts opérating above 1500 V. Through-air and over-surface spacings between
lomponents and wiring shall comply with Section 26.

er 1500 V to

anic isolation,

0.5.

more primary

ts, connected

components,

accessibility

compartment

bltage divider,
d from wiring
the high and

36A.8 For vottage dividers operating above 7200V, the fow voitage sectiomof the voitage d

vider shall be

isolated by grounded metal barriers from primary wiring and components, with the following exceptions:

a) Wire not exceeding 304.8 mm (12 inches) in length, and rated for the maximum voltage rating in
the compartment, that connects the high and low voltage sections of the voltage divider, and

b) The first 304.8 mm (12 inches) of wire connecting the low voltage terminal of the voltage divider
to wiring and components located within the equipment low voltage compartment need not be
isolated by grounded metal barriers. The length of the wire that is not isolated by grounded metal
barriers shall be rated for the highest voltage in the compartment, or shall be spaced from all
medium voltage parts by spacings in accordance with Section 26.

36A.9 The voltage divider shall be constructed such that with the equipment operating at rated maximum
voltage, under normal operation and under any single fault condition:
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a) There shall be no voltage exceeding 1500 V on any portion of the low voltage section, when
measured with respect to ground, to operator accessible metal parts, or to other low voltage
circuits, and

b) The current available at any point of a low voltage section shall not exceed 5 mA, when a short
of negligible impedance is placed between that point and ground.

36A.10 The fault conditions to be considered in 36A.9 are to include the opening and shorting of each
component in the voltage divider circuit, one at a time.

36A.11 Equipment incorporating a voltage divider shall comply with all performance requirements of this
standard, including power frequency withstand and impulse tests, with the voltage divider installed as
intended.

36A.12 Volthge dividers that are supplied as part of switchgear complying with IEEE"C37|20.9 are not
required to bg evaluated in accordance with 36A.1 — 36A.11.

PROTECTION AGAINST RISKS OF INJURY TO PERSONS
37 General

37.1  When pperation, maintenance, or foreseeable misuse ofza‘wnit involves a risk of injurly to persons,
protection shall be provided to reduce the risk.

37.2 Among the factors to be regarded in judging exposed moving parts are:
a) Degree of exposure required to perform itsiintended function,
b) Shgrpness of the moving part,
c) Potential for unintentional contact;
d) Spged of the moving part, and

e) Potential for a part of the body to be endangered or for clothing to be entangled by the moving
part.

These factor$ are to-be regarded with respect to both intended operation of the unit and foreseeable
misuse.

37.3 Whethera guard, a release, an interlock, or similar device is required and whether sluich a device
functions as intended shall be determined from a study of the complete unit, its operating characteristics,
and the potential for a risk of injury to persons. The investigation is to include evaluation of the results of a
breakdown or malfunction of any one component; however, not more than one component is to be
investigated at a time, unless one event contributes to another. When the study shows that malfunction of
a component is able to result in a risk of injury to persons, that component is to be investigated for
reliability.

38 Enclosures and Guards
38.1 A part capable of resulting in a risk of injury to persons shall be enclosed.

38.2 An opening in a guard or enclosure around a moving part that is able to involve a risk of injury to
persons shall have a minor dimension less than 25.4 mm (1 inch), and shall not accommodate the probe
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illustrated in Figure 11.1 to contact the part when the probe is inserted through the opening to its maximum
depth in a straight or articulated position.

38.3 An enclosure, an opening, a frame, a guard, a knob, a handle, or similar component, shall not be
sharp enough to constitute a risk of injury to persons in normal maintenance or use.

38.4 A guard or portion of an enclosure acting as a guard for a part that involves a risk of injury to
persons shall be:

a) Mounted to the assembly so that the part is unable to be operated with the guard or portion of
the enclosure removed,

b) Sefured to the assembly using fasteners requiring a tool for removal, or

c¢) Prqvided with an interlock to reduce the risk of contacting the part.
39 Moving|Parts

39.1 A rotdating member, such as a fan blade, breakage of which resultshin a risk of injufy to persons,
shall be enclpsed or guarded to reduce the risk of injury to persons.

39.2 A rotafing or moving part that involves a risk of injury to pefsons when it becomes diséngaged shall
be provided vith a positive means to retain it in place under conditions of use.

40 Switches and Controls

40.1 When|unintentional operation of a switch involves a risk of injury to persons, the aptuator of the
switch shall he located or guarded so that such opgration is unforeseeable.

40.2 When|required in accordance with 40.%, the actuator of a switch shall be guarded by recessing ribs,
barriers, or s|milar component.

41 Mounting

41.1  When| mounting instfuctions furnished with a unit specify mounting hardware that fis not readily
available commercially, thesmanufacturer shall provide the hardware with the unit.

OUTPUT PQWER €HARACTERISTICS AND INTERACTIVE COMPATIBILITY

42 Genera

421 A stand-alone inverter shall comply with 48.2.1 and with the harmonic voltage distortion
requirements in 48.4.1.

42.2 A utility-interactive inverter shall comply with the applicable tests in Interactive Equipment, Section
43.

43 Interactive Equipment

43.1 A utility-interactive inverter or interconnection system equipment (ISE) shall comply with the
Standard for Interconnecting Distributed Resources With Electric Power Systems, IEEE 1547-2003 or
more recent amendments and versions, and the Standard for Conformance Test Procedures for
Equipment Interconnecting Distributed Resources with Electric Power Systems, IEEE 1547.1-2005 or
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more recent amendments and versions, excluding the requirements for Interconnection Installation
Evaluation, Commissioning Tests, and Periodic Interconnection Tests.

Note 1: NFPA 70 (NEC) article 705 for Interconnected Electric Power Sources uses the term Interactive Equipment, which is a
generic term that covers utility interactive, grid support utility-interactive or special purpose utility interactive.

Note 2: Different local utility interconnection rules require multiple dated revisions of the IEEE 1547 and IEEE 1547.1 standards.
Products may be evaluated to and rated for compliance with individual or multiple specific grid interconnection standards, some of

which include specific SRDs.

43.2

Interactive equipment and interconnection system equipment (ISE) shall be provided with

adjustable functions, parameters, limits and response times as defined by product ratings, including

referenced in

erconnectionreauirements
<

43.3 Forint
controls (loca

43.4 For un
in addition to
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other accessq
with this requ

Exception: IS
complies with

43.6 Each g
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Exception: F|
Programmab
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UL 1998 or a
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bractive inverter or interconnection system equipment (ISE) with adjustable, pa
ly or accessible through communication) shall only be accessible to autharized

ts with adjustable parameters, the installation manual shall describe the adjus
he default factory settings, see 68.2.1(g).

vith adjustable parameters shall be provided with a,means to indicate the
\ display or interface for a companion tool (such as,aSmartphone, notebook, {

rement.

E with provisions for signal injection testingof trip limits, trip times and reconng
this requirement.

ombination of microprocessor model, manufacturer and firmware/software ve
h of an interactive inverter or intefconnection system equipment (ISE) shall be
ith 43.1.

br units with firmware/software that is in compliance with the Standard fon
e Components, Uls1998, or Automatic Electrical Controls — Part 1: General R
bnd any applicable Part 2 standard from the UL 60730 series subsequent firmw
be entitled to aimited revaluation in accordance with 43.1 as determined by thé
pplicable UL~60730 standard evaluation of the revised firmware or software. The
htion shallbe defined by the potential impact of the firmware or software revision

nnection systems equipment (ISE), end product DER’s, and components that &

end product

ameters, the
bersonnel.

ment ranges

programmed
ablet, or any

ry that can be used with the system) for the display ofthe programmed paramefers complies

ct time delay

sion used in
evaluated in

Software in
equirements,
are/software
b subsequent
scope of the
S.

re subject to

tandards other than UL 1741 may. be evaluated and tested for anplianhn ina

cordance to

the end product standards with the addition of the various grid interconnection requirements in this
standard, and as defined by referenced standards (such as IEEE 1547 and IEEE 1547.1), that are not
covered by the end product standards.

Note: Multiple other standards such as the Standard for Stationary Engine Generator Assemblies, UL 2200, reference UL 1741 for
evaluation of interactive compliance.

43.8 Medium voltage switchgear provided to interface with a utility shall comply with IEEE C37.20.2,
IEEE C37.20.3, or IEEE C37.20.9 as appropriate. Such switchgear shall be provided with an isolation
means to disconnect the equipment from the utility and interlocking to prevent access to the parts of the
switchgear operating above 1000 V if the switchgear is not isolated from the utility. Consideration shall be
given to providing a means to isolate the switchgear from the inverter output to allow for servicing the
switchgear without being exposed to hazardous voltages.
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PERFORMANCE
44 General
44.1 Inverters and converters shall be subjected to the tests described in Sections 46 — 60.

44.2 Unless otherwise specified, the unit is to be energized from a supply that simulates the current-
voltage characteristics and time response of the input source. Where the results of a test could be affected
by the voltage versus current characteristics and short circuit current capability of the supply, the source is
to be adjusted to the maximum rated input voltage of the DUT. The current capability of the test source,
measured at the DUT terminals, shall be equal to or greater than the rated maximum input short-circuit

current of the-DUT-—The-ot |fp| 1t of o ||fi|ify interactive-inverterorconverteris-to-be-connectad to a Supp|y
voltage as specified in 44.3 and Table 44.1.

Table 44.1
Output Voltages for Tests
Rated ac output voltage AC test voltage
110-120 120
121-219 Rated voltage
220 - 240 240
241 -253 Rated voltage
254 - 277 277
278 —439 Rated voltage
440 - 480 480
481 -525 Rated voltage
550 — 600 600

44.3 When|a simulated utility source is‘required for a test, the impedance of the simulated utility source
for a utility-interactive inverter shall be less than 5 percent of the inverter output impedance where the
inverter output impedance is equahto the inverter rated output voltage divided by the inverter rated output
current.

44.4 When|a simulated:utility source is required for a test, the actual utility is able to bg used for the
simulated utiity.

445 Input pnd eutput overcurrent protection is to be installed in accordance with the nranufacturer‘s
instructions.

44.6 The equipment under test provided with, or intended for use with, specific defined input sources that
cannot provide the input power range described in the test shall be tested within the limitations of the
specified or supplied input source. Under these circumstances, the test may be performed with the actual
utility source or a simulated source. Test results shall only be applicable to the combination of the
equipment under test and the specified source, and this limitation is to be noted.

45 Maximum-Voltage Measurements

45.1 The maximum voltage determined in accordance with 45.2 and 45.3 is to be used as a basis for the:

a) Calculation of the dielectric voltage-withstand test potentials specified in 47.1, and
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b) Determination of the minimum spacings specified in Spacings, Section 26, or Alternate Spacings
— Clearances and Creepage Distances, Section 27.

45.2 A connector or comparable part that is expected to be disconnected during intended operation is to
be both connected and disconnected during the test to obtain maximum voltage.

45.3 When a complex voltage is present, the peak value of the voltage is to be measured and this value
is to be used for calculation of the dielectric voltage-withstand potential and determination of the minimum
spacings. For a sinusoidal or a direct current voltage, the rms or average values respectively is to be
measured.

46 Temperature

46.1 A unit|shall not attain a temperature at any point so as to result in a risk of fite, 1o [damage any
material used, to result in the operation of a protective device, or to exceed the maximum {emperatures
specified in 46.2 and Table 46.1 and Table 46.2:

a) When the unit is delivering maximum rated output power in an ambient temperature as specified
in 46.3, and

b) Fora unit marked for operation at a higher ambient at reduced output power, the fest is to also

be pefformed at the specified higher ambient and the associated reduced output powe.

Table 46.1
Maximum Temperature

Degreeg
Materials and components °c °F
1. Capacitqrs:
a.  Eleptrolytic types 65° 149°
b.  Ottler than electrolytic 90° 194>
2. Field wirjng terminals 75° 167°
3. Vulcanizgd fiber employed as ‘electric insulation 90 194
4. Relays, $olenoids, and similar components
a. Class 105 (Class’A) coil insulation systems:
[Thermocouple method 90? 1942
Resistance method 110 230
b. Class 130 (Class B) coil insulation systems:
Thermocouple method 1102 230°
Resistance method 120 248
5. Transformer insulation systems:
a. Class 105 (Class A):
Thermocouple method 90° 1942
Resistance method 95 203
b. Class 130 (Class B):
Thermocouple method 1102 2302
Resistance method 120 248
c. Class 155 (Class F):

Table 46.1 Continued on Next Page
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Table 46.1 Continued

Degrees
Materials and components °Cc °F
Thermocouple method 1352 2752
Resistance method 140 284
d. Class 180 (Class H):
Thermocouple method 1502 3022
Resistance method 160 320
e. Class 200 (Class N):
—Fhermocedple-ethed 4662 3292
Resistance method 175 347
f.  Class 220 (Class R):
Thermocouple method 1807 3562
Resistance method 190 374
6. Phenolif composition employed as electrical insulation or as a part the 1509 3029
deteriorption of which results in a risk of fire or electric shock
Wood apd other combustible material 90 194
Rubber} or thermoplastic-insulated wire and cord 60%e 1409
9. Other types of insulated wire f f
10.  Asurfage upon which a stationary unit is mounted and surfaces that'are adjacent 90 194
to the upit when so mounted
11.  Any poipt on or within a terminal box or wiring compartment of afixed unit which 60° 140°
field-insfalled conductors are able to contact
12.  Thermoplastic sealing compound g g
13.  Seleniufn rectifier 750 1674
14.  Power demiconductor i i
15.  Printed{wiring board i i
@ At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperatur¢ measured by
a thermocouplg is able to be 5 °C (9 °F) higherthan that specified when the temperature of the coil as measured by the resistance
method is not fnore than that specified.
® A capacitor that operates at a température of more than 65 °C (149 °F) for electrolytic or more than 90 °C (194 °F| for other types
that are rated fpr a higher temperature“shall not exceed its marked temperature limit.
¢ The temperafure observed on'the terminals and at points within a terminal box or wiring component of a unit is able to exceed the
values specifigd and shall not.attain a temperature higher than the temperature marking required 66.12 and 69.4 (U) and (M).
9 The temperafure limitation on phenolic composition and on rubber and thermoplastic insulation do not apply to a gompound that
has heat-resisfant préperties in accordance with the Standard for Polymeric Materials — Long Term Property Evalugdtions, UL
746B.
¢ For a short lef ic-i insi i han 60 ° D °F) where

each individual conductor has supplementary msulatlon rated for the measured temperature and has dielectric properties in
accordance with the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A, and the Standard for
Polymeric Materials — Long Term Property Evaluations, UL 746B.

f Other than specified in (e), the maximum temperature shall not to exceed the temperature rating of the wire.

9 The sealing compound temperature limitis 15 °C (27 °F) less than the softening point of the compound as determined in
accordance with the test method for Vicat Softening Temperature of Plastics, ASTM D1525-91.

" A maximum temperature of 85 °C (185 °F) applies where the stack assembly is insulated with phenolic composition or other
insulating material rated for a temperature of 150 °C (302 °F) or more.

" For a power-switching semiconductor and similar devices, the maximum temperature limit on the case shall not exceed the
maximum case temperature specified by the semiconductor manufacturer.

I For a printed-wiring board, the maximum temperature shall not exceed the temperature rating of the board.

46.2 The temperature of a surface that is subject to contact shall not be more than specified in Table
46.2.
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Exception: The temperature maximums specified for casual contact in Table 46.2 do not apply when:

a) The unit is a fixed unit that is typically not subject to contact by persons;

b) The unit is marked as required by 67.8; and

¢) The unit is provided with instructions as specified in 69.4(H).

Table 46.2

Maximum Surface Temperatures

Composition of surface®

Location Metal Nonmetallic
Handles or knops that are grasped for lifting, carrying, or 50 °C (122 °F) 60 °C (140 °F)
holding
Handles or knops that are contacted that do not involve 60 °C (140 °F) 85 °C (185 °F)
lifting, carrying,|or holding; and other surfaces subject to
contact and usgr maintenance
Surfaces subjegt to casual contact® 70 °C (158 °F) 95°C (203 °F)

2 A handle, kno
0.127 mm (0.0d

b See Exceptio

to 46.2.

D, or similar component made of a material other than metal that is plated-gr.clad with metal having 4
5 inch) or less is to be judged as a nonmetallic part.

thickness of

46.3 Thete
25 °C (77 °F)

in accordanceg with Table 46.3.

Table 46.3
Temperature:Measurement Correction

mperature maximums in Table 46.1 and Table*46.2 are based on an ambient te
Tests are to be performed in the ambient téemperature specified in Table 46.3 &

mperature of
nd corrected

temperature.

Correction of| observed
Amblient temperature rating of unit Test ambient temperature temperature

1.25°C (77 °F Range of 10 — 40 °C (50 — a

104 °F)
2. Range of 251+ 40 °C (77 — 104.°F) Range of 20 — 40 °C (68 — b

104 °F)
3. Above 40 °C|(104 °F) Rated ambient © d
@ The measureq temperature is to be corrected by addition [when the test ambient temperature is lower than 25 °C (77 °F)] or by
subtraction [when thewtest ambient is higher than 25 °C (77 °F)] of the difference between 25 °C (77 °F) and the testfambient

¢ Tolerances are:

Plus — not specified.

Minus — not less than 5 °C (9 °F) below rated ambient.

® The measured temperature is to be corrected by addition (when the test ambient temperature is lower than the rated ambient
temperature) or by subtraction (when the test ambient temperature is higher than the rated ambient temperature) of the difference
between the rated ambient temperature and the test ambient temperature.

9 When the test ambient temperature equals rated ambient, no correction is to be made, and the measured temperature shall not
exceed the maximum temperature limit specified in Table 46.1. When the test ambient temperature is other than rated ambient,
correction is to be made as described in b.
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46.4 Temperatures used to determine compliance are to be stable. A temperature is stable when three
successive readings taken at intervals of 10 percent of the previously elapsed duration of the test, and not
less than 15 minutes apart, indicate no further increase in temperature.

46.5 During the temperature test, the unit is to be connected as specified in 44.2 and mounted as in
normal service to provide for normal convection cooling.

46.6 A unit intended for mounting or support in more than one position or in a confined location is to be
tested in a manner representing the most severe conditions. An adjacent mounting or supporting surface
shall consist of 25.4-mm (1-inch) thick soft-pine boards.

thermocoupl
consisting of
be used w
thermocoupl
practice. The
Values of EN
Force (emf) ]

46.8 A thefqmocouple junction is to be held securely in intimate_thermal contact with the {

material bein
earth and so
equivalent n
thermocoupl
junction. Tap

46.9 Coila

Exception: T
thermocoupl

a)Im
b) Wr

c) Wn
mm (

46.10 The

used in determining temperatures, it is common practice to employ’t
30 AWG iron and constantan wire and a potentiometer type instrument. Such’e
henever referee temperature measurements by thermocouples * are
bs and related instruments are to be accurate and calibrated in aceordance W
thermocouple wire is to conform with the requirements specified’in the Tolera
IF versus Temperature tables in the Standard Specification and Temperature-
[ables for Standardized Thermocouples, ANSI/ASTM E230/E230M.

g tested. Thermocouples are to be secured to surfaces by welding, brazing, sol
dium silicate (waterglass), adhesive rated for the surface and temperatures in
ethod. Tape is not to be used as a means-0of securing the thermocouple
b lead is to be secured so that strain on therlead does not affect the adhered
b is usable as a means of strain relief for the'thermocouple junction.

nd winding temperatures are to be measured by thermocouples located on expo

he change-of-resistance method'is to be used for a coil that is inaccessible for
PS, such as a coil:

mersed in sealing compound,
apped with thermalinsulation, or

ppped withimore than two layers of material, such as cotton, paper, or rayon,
/32 inch)-thick.

emperature of a winding by the change-of-resistance method is to be determi

following forr

30 AWG. When

ermocouples
nuipment is to

required. The

ith laboratory
nces on Initial
Electromotive

surface of the
jering, fuller's
volved, or an
junction. The
hermocouple

5ed surfaces.

attachment of

nore than 0.8

hed using the

ula:

in which:

R
T=—(k+1)~k

T is the temperature of the winding in degrees C;
R is the resistance of the winding at the end of the test in ohms;
ris the resistance of the winding at the beginning of the test in ohms;

tis the ambient temperature in degrees C at the beginning of the test; and
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k is 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum. Values of the constant
for other conductor materials are to be determined.

46.11 Localized component heating is able to occur in products that reduce their output power with an

increase in temperature. For example, heat generating components, such as Transformers, Inductors,
Capacitors, Semiconductors and other similar components, which quickly increase in temperature,
independent of the temperature sensing device, are able to attain thermal peaks prior to the first or
subsequent power reductions. This is more prevalent in a lower ambient. In such instances, the measured
peak temperature results is to be taken as the component operating temperature and shall comply with
46.1, or the results shall be investigated to the requirements for Temperature Excursions Beyond the
Maximum Use Temperature in the Standard for Polymeric Material — Electrical Equipment Evaluations, UL

746C.

46.12 Meas
thermocouple
used when
accuracy con
allowable meq
temperature i

A

g

47 Dielectr

47.1 Immed
shall withstan

a) Ong thousand volts plus twice the maximum yoltage (see 45.1) between:

b) Fiv
parts;

operafing at more than 50 volts and dead metal parts.

uring the temperatures of components or conductors operating at medium
s is inherently dangerous. Other methods, such as temperature indicating la
greeable to all concerned, and when it can be demonstrated that ‘these m
nparable to that of the thermocouple method. This may require ‘a, reduction t
asured temperatures to adjust for anticipated measurement inaccuracies
hdicating labels.

¢ Voltage-Withstand Test on Low Voltage Circuits

iately following the temperature test or with the unit at normal operating tempe
d for 1 minute without breakdown the application)of an ac rms test potential of:

1) the input circuit and dead metal parts,
2) the output circuit and dead mietal parts, and
3) the input and output circuits.

Exception: A test between input and output circuits is not required for an
provided with a transformer or capacitor network isolating the input from the ou

b hundred valts-between a secondary circuit operating at 50 volts or less ang
1000 voltsyplus twice the maximum secondary circuit voltage between a secq

c) On
ac or

thousand volts plus twice the voltage between the terminals of a capacitor usg
Eg power circuit for electromagnetic interference elimination or power factor cg

oltage using
bels, may be
ethods have
he maximum
when using

rature, a unit

inverter not
put circuit.

dead metal
ndary circuit

d across the

rrection; and

between the terminals of a capacitor connected between an ac or dc power circuit and the
enclosure.

Exception: This test potential does not apply to capacitors that comply with either the Standard for
Capacitors, UL 810, the Standard for Fixed Capacitors for Use in Electronic Equipment — Part 14:
Sectional Specification: Fixed Capacitors for Electromagnetic Interference Suppression and
Connection to the Supply Mains, UL 60384-14, or the Standard for Electromagnetic Interference
Filters, UL 1283.

Exception: As an alternative to the ac rms test potential specified, use of a dc test potential of 1.414 times
the ac rms value is not prohibited.

47.2 To determine whether a unit complies with the requirements in 47.1, the unit is to be tested using a
500 volt-ampere or larger capacity transformer, the output voltage of which is variable. The applied
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potential is to be increased from zero until the required test level is reached, and is to be held at that level
for 1 minute. The increase in applied potential is to be at a substantially uniform rate as rapid as is
consistent with correct indication of its value by a voltmeter.

Exception: When a voltmeter is connected across the output circuit to directly indicate the test potential,
the transformer is not required to be rated 500 or more volt-amperes.

47.3 A low-voltage control circuit or a sensor circuit is not required to be connected during the test. Any
circuit which is connected from input to output circuit shall remain connected during the test and provide

proper isolati
47A Powe

47A.1 Equi
application o
accordance

a) Al

b) All

47A.2 Med
an ac rms te
the line side
position.

Exception: T
as part of the

" Wit LT Modium Vol circui

on in accordance with 2.1.25.

bment having medium voltage circuits shall withstand for 1 minute without'b
f an ac rms test potential equal to the dielectric voltage withstand rating lof the
vith Table 47A.1, between

medium voltage circuits and ground, and

medium voltage circuits and low voltage circuits.

um voltage isolation means shall withstand for 1 minute without breakdown the
5t potential equal to 110 % of the dielectric voltage Withstand rating of the equip
ferminals and load side terminals of the isolatingsmeans, with the isolating mea

his test is not required for an isolation.means that has been previously subject|
evaluation of the medium voltage switchgear in which the isolating means is log

Table 47A.1
Rated Insulation Levels

Is

eakdown the
equipment in

application of
ent between
in the open

ed to this test
ated.

Rated Maximum Voltage Insulation Levels
(kV rms)
Power Frequency Withstand Voltage Impulse Withstand (BIL)
(kV rms) (kV peak)
4.76 19 60
8.25 36 95
15.0 36 95
276 66 4925
38.0 80 150
48 Output Power Characteristics
48.1 General
48.1.1  When a utility-interactive inverter or AC module is required to be connected to a simulated utility

source by Sections 48.2 — 48.4, the simulated utility source shall be in accordance with 44.3.
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48.2 Output ratings

48.2.1 For a stand-alone inverter or converter, the output voltage shall be within £10 percent of its rated
output voltage range when it is connected to its rated input supply and loaded over its full range of rated
output current. The output frequency shall be within £1 Hz of rated output frequency.

48.2.2 A utility-interactive inverter or converter shall be capable of operating at rated output current +10
percent when loaded and connected to the rated input and to a simulated utility source. The input source
shall be capable of delivering twice the unit's rated input current rating of the inverter.

48.2.3 When connected to a simulated utility source, an AC module shall be within £10 percent of its
oltaic module

rated Output Rowser andcurrent when runwith 2 de TaTal it \/nH‘an andcurrent set at the phr\fn\/

maximum po

48.2.4 For Uinits marked with lower output ratings at higher ambient temperatures, the rat

verified in aca

48.3

48.3.1 Auti

the unit's marfked input range. During the test, the utility-interactive-inverter or converter is to

its rated load
inverter or co

Exception: This test does not apply to an AC module.invérter that is provided integral to a

panel.
48.4 Harmg

48.4.1 For
delivered, sh
any single hg
The measure

Exception: A
voltage rating

49 Utility C

Input fange

ver point, rated voltage (Vg), and current (Ig).

ordance with 48.2.1 — 48.2.2 at the higher ambient.

ity-interactive inverter or converter shall operate as intended when the input is

with the minimum and maximum input voltage supplied to the unit. The load for ¢
nverter is to include both resistance and inductance with a power factor of 0.5.

nic distortion

stand-alone inverter, the total rms of the harmonic voltages, excluding the
Il not exceed 30 percent of the fundamental rms output voltage rating. The
rmonic shall not exceed 15 percent of the nominal fundamental rms output v
ments are to be made with the inverter delivering 100 percent of its rating to a re

Lnit having tetal*ms harmonic voltages exceeding 30 percent of the fundament|

pmpatibility

49.1  Utility-i

ngs shall be

varied within
be loaded to
stand-alone

photovoltaic

fundamental
ns voltage in
bltage rating.
sistive load.

al rms output

meets theyntent of the requirement when the inverter is marked in accordance With 66.29.

- SE-satt with-the-Standard-for .

g Distributed

Resources With Electric Power Systems, IEEE 1547-2003, and the Standard for Conformance Test
Procedures for Equipment Interconnecting Distributed Resources with Electric Power Systems, IEEE
1547.1-2005, excluding the requirements for Interconnection Installation Evaluation, Commissioning
Tests, and Periodic Interconnection Tests.

49.2 Grid support interactive inverters and ISE shall comply with:
a) Supplement SA for Grid Support Utility-Interactive Equipment, and/or

b) Supplement SB for Grid Support Utility-Interactive Inverters and Converters Based upon IEEE
1547-2018 and IEEE 1547.1-2020.

49.3 Special purpose interactive inverters and ISE shall comply with the corresponding requirements for
the manufacturer’s product ratings and stated compliance with specific interconnection requirement(s).
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50 Abnormal Tests
50.1 General

50.1.1 A unit shall not emit flame or molten metal or become a risk of fire, electric shock, or injury to
persons — see 50.1.3 — when subjected to the tests specified in 50.1.2 — 50.7.3. Separate units are usable
for these tests.

50.1.2 Following each test, the unit shall comply with Dielectric Voltage-Withstand Test, Section 47. The
potential is to be applied across the points indicated in Table 50.1. For medium voltage circuits, the voltage
is to be applied between medium voltage and low voltage circuits, and between medium voltage circuits
and ground.

Exception Np. 1: More than one abnormal test is able to be conducted on a unif, and|the dielectric
voltage-withgtand test is able to be conducted after completion of all abnormal tests,

Exception Ng. 2: This test is not required following the DC Input Miswiring Test, 50.4.

Table 50.1
Dielectric Voltage-Withstand Test Following’Abnormal Tests
Test No. Circuit parts
1 ac power circuits to deipewer circuits
2 ac and dc power.giteulits to accessible dead metal parts
32 primary to secondary winding of isolating transformer

@ Perform only [after Short-Circuit Test, Section 50.3.

50.1.3 Arrigk of fire, electric shock, or injufy to persons exists when there is:

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

b) Charring, glowingorflaming of the supporting surface, tissue paper, or cheeseclot

=4

c) Ignjtion of the-enclosure,

d) Creation_of-any openings in the enclosure that results in accessibility of live parts, g§s determined
in acqordance with Accessibility of Uninsulated Live Parts, Section 11, or

e) Opening of the 3-ampere fuse connected to ground. See 50.1.6.

50.1.4 During these tests, the unit is to be placed on a softwood surface covered with white tissue paper.
A single layer of cheesecloth is to be draped loosely over the entire enclosure. The cheesecloth is to be
untreated cotton cloth running 28 — 30 m?/kg (14 — 15 yards per pound), and having, for any square inch, a
count of 32 threads in one direction and 28 in the other direction.

Exception No. 1: A unit not having bottom openings is not required to be placed on a softwood surface
covered with tissue paper.

Exception No. 2: When it is inappropriate to drape the entire unit, cheesecloth is able to be placed only
over all ventilation openings.
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50.1.5 The input and output ports of the unit are to be connected as specified in 44.2 — 44.5 during these
tests. Overcurrent protection for those ports shall be connected in accordance with the instructions
provided with the unit and in accordance with the markings on the unit.

50.1.6 The enclosure of the unit is to be connected to ground through a 3-ampere fast acting fuse.

50.1.7 Each test is to be continued until ultimate results and there is no further change as a result of the
test condition. When an automatically reset protector functions during a test, the test is to be continued for
7 hours. When a manual reset protector functions during a test, the test is to be continued until the
protector is operated for 10 cycles using the minimum resetting time, and not at a faster rate than 10
cycles of operation per minute. The following defines the termination of the test:

a) Op
state ¢

b) Ope¢ning of an internal fuse.

Exception Ng
for Molded-C
be operated
minute.

Exception Ng
operated few:

50.2 Outpu

50.2.1 After

the following fests are to be performed:

a)As
maxim

b)Au

As a result of]
or injury to pe

50.2.2 Firm
tests describ

k overload test

bning or shorting of one or more components such as capacitors, diodes, (e
evices, printed wiring board traces, or similar components.

. 1: When the manually reset protector is a circuit breaker that complies with
hse Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures, U
for 3 cycles using the minimum resetting time not exceeding 10 cycles of g

. 2: A manual reset protector that becomes inopetative in the open condition
prthan 10 cycles, and not less than 3 cycles.

thermal stabilization is reached during the conditions described in Temperaturs

and-alone inverter is to be.subjected to the overload test described in 50.2.3, wh
um rated output power to an adjustable resistive load connected to the output a

ility-interactive inverter is to be subjected to the overload test described in 50.2.4

the tests, a unit-shall not emit flame or molten metal or become a risk of fire, e
rsons, see-50:1.3.

vare-on.Software controlling the temperature limits of an inverter shall be dis
bd\in-50.2, or evaluated for reliability in accordance with the Standard for|

bistors, solid-

the Standard
L 489, it is to
peration per

is able to be

, Section 46,

ile delivering
C circuit, and

.

ectric shock,

abled for the
Software in

Programmab

{‘nmpnnnn’rey UL 1998

50.2.3 For units that charge batteries, the dc output is to be connected to a simulated battery load in
accordance with Sources and Loads, Section 75. The load is to be increased in increments of 10 percent
of the maximum output rating of the unit and held for 1/2 hour at each increment until:

a) There is no further change as a result of the test condition, or

b) The unit shuts down.

Exception: Thermal stabilization is obtainable with a load adjusted to result in maximum obtainable output
power without resulting in operation of overcurrent protective devices, followed by increased incremental
loading as described in 50.2.3.
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50.2.4 For a utility-interactive inverter, the input is to be connected to a source that delivers a minimum of
twice the rated input current. The utility voltage is to be adjusted to provide for the maximum output
current. The utility is not to be adjusted less than the utility trip voltage rating. The inverter is to remain in
the loaded condition until it shuts down, reaches thermal stabilization, or has been operated for seven

hours, whichever occurs first.

50.3 Short-circuit test

50.3.1 The dc battery circuit and the ac output circuit of a unit are to be shorted separately. The shorting
is to be from line to neutral (when applicable) and from line to line.

50.3.2 When ehnrﬁng the ||nif’ the saource (inpl it or ot |fp| 1t |fi|ih}/) iIs to he disconnected by a re|ay or
similar device.

50.3.3 With reference to Table 65.1, item (m), the maximum inverter output fault current (pgak and RMS)
and short cir¢uit current duration are to be measured immediately after the short,is\applied.

50.3.4 The|short-circuit test is to be performed a total of four times se_the short occufs in different
portions of the line cycle.

50.3.5 For p unit with a 3-phase output, the test is to be performed with shorts applied from phase to

phase and fr

50.3.6 For
and after the

50.3.7 The
current throu

50.4 DCin
50.4.1 The

unit shall not
50.1.3.

bm phase to neutral or ground.

B unit intended for use with external isolation"transformers, the short is to be &
external transformer.

location of the applied short in thectest circuit shall not direct the output sh
gh the 3-ampere ground fuse described in 50.1.6.

but miswiring test

dc input of a unit is to be connected in accordance with Table 50.2. As a result
emit flame or molten ' metal or become a risk of fire, electric shock, or injury to

Table 50.2
DC Input Miswiring Test

pplied before

bri-circuit test

pf the tests, a
persons, see

DC source polarity

Input terminal polarity

Positive Negative

Negative Positive

50.5 Ventilation test

50.5.1

condition, is to be operated at full load with the power to the forced ventilation disconnected.

A unit having forced ventilation, using fan motors that have been investigated for the locked-rotor

50.5.2 A unit having forced ventilation, using fan motors that have not been investigated for the locked-
rotor condition or when the heating of the locked fan motor adds to the heating of the enclosure, is to be
operated with the rotor of a fan motor locked. For a unit having more than one fan motor, the test is to be
performed with the rotor of each fan motor locked, one at a time.
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Exception: Simultaneously locking all fan motors in a unit having more than one fan motor is not
prohibited.

50.5.3 A unit having filters, guards, or screens over input ventilation openings that are able to be clogged
is to be operated with the openings blocked to represent clogging. The test is to be performed initially with
the input ventilation openings blocked 50 percent and then repeated under a fully blocked condition. For a
unit having multiple input ventilation openings, the test is to be performed with all of the input ventilation

openings blocked 50 percent and then repeated with all of the input ventilation openings fully blocked.

50.6 Component short- and open-circuit

50.6.1 Com

short- or oper

Exception: TH

a) Wh
overlo

b) Fo
requir

50.6.2 In ad
inverter or co
into the inpulf

source backfg¢ed current. See Table 65.1, Item (e).

50.7 Load transfer test

50.7.1  With
completion off

50.7.2 The

for a 3-phase supply or 180 electrical degrees for a single phase supply. The transfer sy

subjected to
The load is to

50.7.3 For4

-circuited, any two terminals, one pair at a time. Short circuiting a resistor is e€x¢

is test is not required:

ere circuit analysis indicates that no other component or portion of the circuit
aded.

components in low-voltage, limited-energy (LVLE) circuits, or other circuits
pd to be investigated in accordance with this Standard.

dition to compliance with 50.1.3, during the test described in 50.6.1 for a util
hverter, the maximum backfeed current that flows from the simulated utility sour
source as a result of a faulted component shall not exceed the marked m3

reference to the Exception to14.9, a bypass switch shall continue to operate 1
the test described in 50.7.2‘@and 50.7.3.

Dbypass ac source is to be displaced 120 electrical degrees from the ac output g

bne operation af switching the load from the ac output of the inverter to a bypa;s
be adjusted to.draw maximum rated ac power.

sources out
component

n inverter employing a bypass switch having a control preventing switching be
f synehronization, the test specified in 50.7.2 is to be conducted under the ¢
alfunction — see 50.6.1 — when such a condition results in an out-of-phase tran

nnnnfe’ such-as ngrr\nr\ifnre’ Hir\dne’ solid-state Hn\/ir\ne’ and-similar r\r\mpnnnnts’ are to be

uded.

is able to be

that are not

ty-interactive
ce, see 44.3,
ximum input

ormally after

f the inverter
itch is to be
ES ac source.

ween two ac
ondition of a
sfer between

the two ac sources of supply.

50.8 Loss of control circuit

50.8.1

A utility-interactive inverter or interconnection system equipment (ISE) shall cease the export of

power to the EPS upon the loss of control circuit power when tested in accordance with 50.8.2.

50.8.2 The inverter, converter, or interconnection system equipment (ISE) is to be connected to its rated
input supply and simulated utility source. A single fault is to be placed such that it disables the power to the
control circuit.

Exception No. 1: When the control circuit is unable to be disabled under any single fault condition, this test
is not required to be performed.
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Exception No. 2: The unit may continue to export power if it continues to meet 43.1 with the single fault
specified in 50.8.2 in place.

51 Grounding Impedance Test

51.1 The impedance at 60 hertz between the point of connection of the equipment-grounding means and
any other metal part that is required to be grounded (see 22.10) shall not be more than 0.1 ohm when
measured in accordance with 51.2.

51.2 Compliance with 51.1 is determined by measuring the voltage when a current of 25 amperes
derived from a 60-hertz source with a no-load voltage not exceeding 6 volts is passed between the

grounding ¢
52 Overcu
52.1 Withr

for protectior
in Table 52.1

nnection-and-the metalpnart in auestion
1 <

rrent Protection Calibration Test

eference to 31.9, a fuse or circuit protective device connected to the\primary of
of the secondary circuit shall operate to open the circuit in not more than the {
when the transformer is delivering the specified secondary current.

Table 52.1
Maximum Time To Open

a transformer
ime indicated

Maximum tfansformer open circuit Maximum time for opercurrent
secondary voltage (V™®), volts Secondary test current, amperes protective device to open, minutes
20 or less 10 2
20 or less 6,75 60
Over 20 200/V ax 2
Over 20 135/V max 60

52.2 To determine whether a fuse or circuit protective device complies with the requireme

transformer
described in
test current.
the test is to

52.3 Whereg
taps, each W
windings del

s to deliver the test current to a resistance load with the primary connected f
14.1. During the 2-minute test, the load is to be adjusted continuously to maintai
Puring the 60-minute test, the load is to be adjusted once after 15 minutes of

be continued without further adjustment.

the fuge\or circuit protective device is used to protect more than one secondg
inding-or partial winding is to be tested as indicated in 52.1 and 52.2 with f{
vering rated load.

htin 52.1, the
0 a circuit as
n the required
bperation and

ry winding or
he remaining

53 Strain Relief Test

53.1

damage or displacement a direct pull of:

A wiring lead intended for field-wiring connection — see 18.3.1 and 18.3.3 — shall withstand without

a) 89 N (20 Ibf) for 1 minute applied to a lead extending from the enclosure (such as through a
knockout), and

b) 44.

5 N (10 Ibf) for 1 minute applied to a lead within a wiring compartment.

53.2 An input or output cord shall withstand a 155.7 N (35 Ibf) pull for one minute in the most severe
direction without damage or displacement. All internal connections are to be severed during the test.
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54 Reduced Spacings Tests for Low Voltage Printed Wiring Boards

54.1

54.1.1

General

having reduced spacings shall comply with:

a) Dielectric Voltage-Withstand Test, Section 54.2, or

b) Shorted Trace Test, Section 54.3.

54.2 Dielectric voltage-withstand test

With reference to Exception No. 6(a) to 26.1.1, printed wiring board traces of different potential

54.2.1 A printed wiring board as specified in 54.1.1 shall withstand for 1 minute witheut,breakdown the
application of a potential between the traces having reduced spacings in accordance With 47.1, as
appropriate.

54.2.2 Powger-dissipating component parts, electronic devices, and capacitors connected be

having reduc
than these co

bd spacings are to be removed or disconnected so that thesspacings and insul
Mmponent parts, are subjected to the full test potential.

tween traces
btions, rather

54.3 Shorted trace test

54.3.1 The printed wiring board traces described in 54.1.1shall be short-circuited, one locafion at a time,

and the test shall be performed as described in 50.1.1 — 50’1.7. As a result of the test:
a) Thg overcurrent protection associated withithe branch circuit to the unit shall not op¢n, and
b) A wire or a printed wiring board trace shall not open. When the circuit is interruptefd by opening
of a cgmponent, the test is to be repeated two additional times using new components| as required.
Opening of an internal overcurrent-protective device is a result that is in compliahce with the
requirement and the test is notrequired to be repeated.

55 Bonding Conductor Test

55.1 With reference to the Exception to 22.10, a bonding circuit, including the conductor,|terminations

and portions
bonding circu

a) The
intend

bf the unit’intended to be bonded, shall be subjected to the following tests usin
t for eachjtest:

conductor is to carry currents equal to 135 and 200 percent of the rating or

g a separate

setting of the

55.1, and

b) Three specimens are to be subjected to a limited-short-circuit test using a test current as
specified in Table 55.2 while connected in series with a nonrenewable fuse having a rating equal to
the intended branch-circuit overcurrent-protective device.

Exception: When a fuse smaller than that indicated in (a) and (b) is employed in the unit for protection of
the circuit to which the bonding conductor is connected, the magnitude of the test current and size of fuse
used during the test is to be based on the rating of the smaller fuse.
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Table 55.1

Duration of Overcurrent Test

Rating or setting of branch-circuit Test time, minutes
overcurrent protective device,
amperes 135 percent of current 200 percent of current
0-30 60 2
31-60 60 4
61-100 120 6
101 —200 120 8
Table 55.2
Circuit Capacity for Bonding Conductor Short-Circuit Test
Rating of unit, volt-ampere Capacity of test circuit,
Singlq phase 3-Phase Volts amperes
0-1176 0-832 0-250 2po
0-1176 0-832 251 -600 1Q00
1177 + 1920 833 - 1496 0-600 1Q00
19214080 1497 — 3990 0-250 2Q00
40819600 3991-9145 03250 3800
9601 ¢r more 9146 or more 0-250 5Q00
1921 ¢r more 1497 or more 251-600 5000
55.2 The tgst circuit described in 55.1(b) is to have,a power factor of 0.9 — 1.0 and a closgd-circuit test

voltage as s
voltage. The

55.3 After the bonding circuits are subjected to the tests in 55.1, the circuits shall comply w

ecified in Table 44.1. The open-circuitvoltage is to be 100 — 105 percent of the

test is to be performed on each of the three specimens.

Impedance Tlest, Section 51.

56 Voltage)

56.1 A unit
of 93 £2 perq
air at a temp
the test char
kept in the ch

Surge Test

provided withra ground fault detector/interrupter is to be preconditioned at a rel
ent at a t€émperature of 32.0 £2.0 °C (89.6 +3.6 °F). The inverter is to be expos

closed-circuit

th Grounding

ative humidity
ed to ambient

eraturelof)at least 30 °C (89.6 °F) until thermal equilibrium is attained before bging placed in

hber. An outdoor rated unit is to be kept in the chamber for 168 hours. Other U

amber for 48 hours.

nits are to be

56.2 After conditioning the unit is to be subjected to the following surge voltage impulses in the order

given:

a) Ten applications of a 6 kV surge impulse at 60 second intervals. Tripping of the interrupter is in
compliance with the requirement when it does not result in a risk of fire or electric shock.

b) Ten applications of a 3 kV surge impulse at 60 second intervals. The ground-fault detector shall

not tri

p.

A typical surge generator and dc control relay are shown in the Standard for Ground-Fault Circuit-

Interrupters,

UL 943.

56.3 The unit is to be connected to a supply of rated voltage. Utility-interactive inverters shall also be
supplied from a simulated utility. The grounding lead or terminal of the unit is to be connected to the supply
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conductor serving as the neutral. The unit is to be in the "on" condition with no load connected. For each
application, the voltage is to have the specified initial peak amplitude of 6 or 3 kV when applied to the
supply to the unit under test. Each of the ten applications is to be random with respect to the phase of the
60 Hz supply voltage when applied on the ac circuits or at the peak voltage of the dc circuits. When three
controlled applications are employed for the ac circuits, one application is to be at the zero crossing of the
supply voltage wave, one at the positive peak, and one at the negative peak.

56.4 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 as followed:

a) Initial rise time, 0.5 microseconds between 10 percent and 90 percent of peak amplitude,

b) Thgperiod of the Tolflowing osciffatory wave, tomicrosecond, and

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

56.5 After the voltage surge test is performed, the unit shall comply with the requirements ¢f Calibration
Test, Section |57, under the condition described in 57.1(a).

57 Calibratjon Test

57.1 The ogerating time of a ground fault detector/interrupter shalhnot exceed the time indigated in Table
57.1 when theé ground fault current is as indicated in 57.2 — 57.8 urider each of the specified [conditions in
the following $equence:

a) As received in a 25 £3.0 °C (77.0 £5.4 °F) ambiént,

b) Immediately following conditioning 48 holrs in 85 15 percent relative humidity at 32 +2.0 °C
(89.6 £3.6 °F),

c) Aftdr 4 hours in 40 £2.0 °C (104 £3.6-°F) ambient,

d) After 5 cycles of thermal shock'consisting of 4 hours at 40 £2.0 °C (104 £3.6 °F) followed by 4
hoursjat 0 £2.0 °C (32 3.6 °F) for general use equipment or 4 hours at 66 +2.0 °C (150.8 3.6 °F)
followgd by 4 hours at -35:£2 °C (-31 3.6 °F) for outdoor use equipment, and

e) At 45 +3.0 °C (77.0.45.4 °F).

Table 57.1
Operating Time
Ground-fault current, amperes Time, seconds
115 percent of pickup shall ultimately trip
150 percent of pickup 2.0
250 percent of pickup 1.0

57.2 A ground-fault detector/interrupter current relaying device with an indicated delay in operating time,
whether fixed or adjustable, is, as part of the test sequence of 57.1 and in each of the conditions, to be
evaluated for such delay.

57.3 With respect to 57.2, the delay is to be within the tolerance band specified by the manufacturer for
the particular setting. When the tolerance band is temperature dependent, the particular band for the
temperature involved in the test is to be used. When a range of delay is provided, the determination is to
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be made at the maximum, middle, and minimum settings of the delay adjustment. A delay expressed in
terms of cycles is to be converted to time assuming a 60-Hz frequency.

57.4 In determining the operating time (including delay) under the environmental conditions of 57.1, the
test is to be performed at the end of the specified exposure time while the device is still in the test
environment.

57.5 To determine whether a ground fault detector/interrupter complies with the calibration test
requirements, the interrupter is to be tested three times under each test condition. The test circuit is to be
preset to deliver the required ground fault current. After the test current is applied to the interrupter sensor,
the time required for the interrupter relaying device to operate is to be observed. When the interrupter is

intended to

e connected to a separate source of control power, the control voltage is {0 be

djusted to its

rated value.

57.6 Afield
57.7 When
57.1-573i

voltage for a

57.8 The o

interrupter o ground fault currents less than 85 percent of the/pickup current trip limit of the

pick up current adjustment is to be set at its maximum value.

power from a control power source is required to operate the device, the tes
5 to be repeated with the ground fault detector/interrupter connected to 55 perce
b control power and 80 percent of its rated voltage for dc contro) power.

peration of a ground fault detector/interruupter shall.not result in the tripping

described in
nt of its rated

of the circuit
b ground fault

sensing and fealying device.

58 Overvoltage Test

58.1 A groyind fault detector/interrupter intended;to be continuously connected to a soufce of control
voltage shall be capable of withstanding 110-percent of its rated control voltage continuously without
damage.

58.2 Following the test in 58.1, the greund fault detector/interrupter shall comply with Dielgctric Voltage-
Withstand Tgst, Section 47.

59 Current Withstand Test

59.1 After a ground fault*detector/interrupter is subjected to a high fault current condition in accordance
with 59.2 ang its withstand rating (current and time), it shall comply with the requirements pf Calibration

Test, Section

57, under the condition described in 57.1(a).

59.2 Theh

sensor "wind

Al foild A e o nt nditian—+rafarcad + H LQ 14
HII auit ouitTeorTit vuUlriuitiuIT 1CIeIiTou o nmr vJ. 11

ow" producing the required ampere turn value.

60 Capacitor Voltage Determination Test

60.1

s-to-be—created-by-anynumberof turns in the

In order to determine a capacitor's stored energy in accordance with 13.2.1 and 13.2.3, the unitis to

be operated at a dc voltage equal to the peak value of the ac input sinewave for ac circuits, and at the
maximum rated input for dc circuits, and then de-energized. Any access covers are to be quickly removed
and immediately after removal, the residual voltage on any accessible capacitor is to be measured and the
stored energy calculated in accordance with 13.2.3.
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61 Stability

61.1

position and not tip over when:

A unit positioned in the least stable normal operating position shall return to its normal at-rest

a) Canted through an angle of 10 degrees in the direction of least stability from an at-rest position

onah

orizontal surface,

b) Placed on a plane inclined at an angle of 10 degrees from the horizontal, or

c) Positioned in accordance with the manufacturer's instructions, and subjected to an externally-
applied horizontal force of 20 percent of the weight of the unit or 22.7 kg (50 pounds), whichever is

o4 .2

less. §

Exception: A
not required t

61.2 When
surface touch
tipping is to b
horizontal suy

61.3 The fo
expected to 0
legs or points
force.

ee oo

Linit provided with instructions indicating that it is to be fastened to the supportin
b be tested for stability.

a part or surface of the unit that is not normally in contact with.the horizont
es the supporting surface before the unit has been tipped td.an angle of 10

porting surface is at an angle of 10 degrees from the horizontal supporting surfg

ce specified in 61.1(c) is to be applied in a horizontal direction at that point on t
verturn the unit. The force is not to be applied more than 1.5 m (5 feet) above flg
of support are to be blocked to prevent the*unit from sliding during the appl

62 Static Load

62.1 When
structure sha
not less than
dislocation, ¢

Exception: A

62.2 The fo
toreach ther

mounted as specified by the manufacturer, a unit intended to be fastened to
| be loaded as described in©62:2 with a force equal to three times the weight o
89 N (20 Ibf). As a resultofithe loading, there shall not be permanent deformatia
acking, or other damage to the unit or its mounting hardware.

Lnit intended for-floor mounting or an AC module is not required to be subjected

ce is to begapplied through the center of gravity of the unit, is to be increased gr
bquired(value in 5 to 10 seconds, and is to be maintained at that value for 1 miny

63 Compre

Fsion Test

g structure is

bl supporting
degrees, the

e continued until the surface or plane of the surface of the unit originally in coptact with the

ce.

ne unit that is
or level. The
cation of the

a supporting
the unit and
n, breakage,

fo this test.

adually so as
te.

63.1

An enclosure that is thinner than that specified in Table 7.1, Table 7.2, or Table 7.3 shall be

constructed so that during the test described in 63.2, the resulting deflection does not result in spacings
less than specified in Spacings, Section 26, or Alternate Spacings — Clearances and Creepage Distances,
Section 27.

63.2 A force of 445 N (100 pounds) is to be applied to the end, side, and walls of the enclosure. The
enclosure is to rest on a smooth solid, horizontal surface. A vertical force is to be applied at any point
through a rod having a 12.7 mm (1/2 inch) square flat steel face.
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64 Rain and Sprinkler Tests

64.1

64.1.1

General

connection means as described in the unit's installation instructions.

Before a rain or sprinkler test is performed, the unit is to be fitted with the intended supply

64.1.2 A unitintended for multiple mounting orientations shall be tested in all the intended orientations.

64.1.3 The rain and sprinkler tests are to be performed in the operating sequence specified in Table 64.1.

Table 64.1
Operating Sequence for Rain and Sprinkler Tests

Dufation in hours Unit Water
1 On Off
1/2 Off On
1 On On
1/2 Off On

64.1.4 As3

Exception: W
wiring or oth
holes in accg

result of the rain and sprinkler tests, no water shallenter the unit.

hen water enters ground-mounted or surfage-mounted units and the water doe
br electrical parts that are not inherently waterproof, and when the unit is provig
rdance with 7.9.14, the unit is in compliance with the rain and sprinkler tests.

64.2 Rain test

64.2.1 Aun

64.2.2 The
rack as show

Figure 64.2.

it required to be subjected:t6.a rain test is to be tested as described in 64.2.2 an

s not wet any
led with drain

1 64.2.3.

water spray test apparatus is to consist of three spray heads mounted in a water supply pipe

n in Figure 64.1./Spray heads are to be constructed in accordance with the de
The unit is to bé set up as in a normal installation with conduit connections. Thg

to be positio

ed in the focal area of the spray heads so that the greatest possible quantity o

the enclosuré. The water-pressure is to be maintained at 34.5 kPa (5 psi) at each spray head

64.2.3 A g3dsketed unit shall be tested after the temperature test or after operation for 1/2

by removal

nd_reinstallation of doors, access panels, frames, covers, or other removable pa

tails shown in
e enclosure is
f water enters

hour, followed
rts serving to

compress the gasket.
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Figure 64.1
Spray Head Piping
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Figure 64.2
Spray Head

ASSEMBLY @

7

‘1‘&\\:
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1/2 TAPERED PIPE
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/ _\V—" ™ READ -
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N N

AT
k T

Qe (1) L~ R ﬁDRILL TO DEPTH
i

\ REQUIRED FOR THROAT)
— ~—V (HEX. OR ROUND

" _jM (

U (DRILL THRY ~L

BAR STOCK)
K fa—

3 . SQUARE SECTION SLOTS — W WIDE x G DEEP — SPACE 120°
60 HELIX — LEADING EDGES TANGENT TO RADIAL HOLES

ltem inch mm [tem inch mm
A 1=7/32 31.0 N 1/32 0.80
B 7/16 11.0 P .575 14.61
C 9/16 14.0 .576 14.63
D .578 14.68 Q 453 11.51

.580 14.73 .454 11.53
E 1/64 0.40 R 1/4 6.35
F c c S 1/32 b 0.80
G .06 b 1.52 T (No. 35)b 2.80
H (No.9) 5.0 U (No. 40) 2.50
J 23/32 18.3 Vv 5/8 16.0
K 5/32 3.97 w 0.06 1.52
L 1/4 6.35
M 3/32 2.38
d Nylon Rain—Test Spray Heads are available from

Underwriters Laboratories
b ANSI B94.11M Drill Size
C Optional — To serve as a wrench grip.
RT100E
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64.3 Sprinkler test

64.3.1 A unit required to be subjected to a sprinkler test is to be tested as described in 64.3.2 and 64.3.3.

64.3.2 An outdoor ground-mounted unit is to be turned about its vertical axis to each of four positions 90
degrees from each other, each for 30 minutes during the 2-hour portion of the test described in 64.1.3, with
adjustable parts arranged for maximum vulnerability to the water spray. Wall-mounted units intended for
mounting within 914 mm (3 feet) of the ground, are to be similarly tested in the most vulnerable normal
mounting position.

64.3.3 The unit is to be positioned as shown in Figure 64.3 in front of a standard water spray head of the
type shown in-Eigure. RA_')’ towhich the wataer pressure iIs-maintained-at a gagepressure of 138 kPa (20

psi).

Figure 64.3

Representative Sprinkler Test Setup

e A ———=™ UNIT

I UNDER TEST]
/
1 + 1 @

|
|
|
|
| / !
%
: /
%
| ¢ ¢
| / /\
WATER | /
PRESSURE | // 45°
GAGE y
L7
o
SB1840B

NOTES -

The unit is to be mounted as intended with the dimensional center of the unit on a line projected from the centerline of the nozzle
head.

A —914.4 mm (36 inches)
B—76.2—-152.4 mm (3 — 6 inches)
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64.4 Driven rain test

64.4.1 A unit with medium voltage ratings that is intended for outdoor use shall be subjected to the
Driven Rain test as described in 64.4.2 — 64.4.9. This test is intended to simulate rain driven by a 29 m/s
(65 mph) wind.

64.4.2 The equipment enclosure to be tested shall be fully equipped and complete with all
appurtenances, such as roof bushings, conduits, busways, and the like, and it shall be mounted in the
intended manner in the area to be supplied with artificial precipitation. For multiple-unit construction, a
minimum of two units shall be used to test the joints and fittings between units, including a roof joint.

64.4.3 The +igh+nning fnrql e for rigirl conduit threaded into-the conduit r\pnninge in-the-enclosure shall be
in accordanck with Table 64.2.

Table 64.2
Tightening Torque
Torque Conduit size
Nfm (Ib-ft) Trade size Metric designator
90 (67) 3/4 and Smaller 21 and|smaller
15 (83) 1, 1-1/3,and 1-1/2 27,35)and 41
1B0 (135) 2'and larger 53 andl larger

64.4.4 Thelartificial precipitation shall be supplied by-a.sufficient number of nozzles to produce a uniform
spray over the entire surface or surfaces under testiThe various vertical surfaces of an enclpsure may be
tested separptely or collectively, provided that a.@hiform spray is simultaneously applied fo both of the
following:

a) The roof surfaces, from nozzles-located at an appropriate height; and

b) The floor outside the enclosure for a distance of 1 m (3 ft) in front of the surface under test with
the emclosure located at itsinormal height above the floor level.

64.4.5 The|nozzles used for this test shall deliver a square-shaped spray pattern with Uiniform spray
distribution gnd shall have a capacity of at least 450 ml/s (7.1 gal per min) at 41.4 N/¢m? (60 psig)
pressure, arjd a spray. angle of approximately 75°. The centerline of the nozzles sha|l be inclined
downward s¢ that.the“top of the spray is horizontal as it is directed towards the vertical and|roof surfaces
being tested.

64.4.6 The pressure at the nozzles shall be a minimum of 41.4 N/cm? (60 psig) under flow conditions.
This is approximately equivalent to rain driven by a 29 m/s (65 mi per h) wind. The quantity of water
applied to each surface under test shall be at least 0.5 cm (0.2 in) per unit surface per minute, and each
surface so tested shall receive this rate of artificial precipitation for a duration of 5 min. The spray nozzle
shall not be more than 3 m (10 ft) from the nearest vertical surface under test.

64.4.7 If the unit has forced ventilation the test shall be performed with the ventilation functioning on or
off whichever is the worst case. It the worst case is not clear, the test shall be performed with the forced
ventilation operating and then performed again with the forced ventilation not operating.

64.4.8 At the conclusion of the spray application, the unit shall be considered to have met the
requirements of this test if:

a) No water is visibly observable on primary or secondary insulation;
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b) No water is visibly observable on any electrical components or mechanisms of the assembly;

and

¢) No significant accumulation of water is retained by the structure or other non-insulating parts (to

minimize corrosion).

64.4.9 At the conclusion of the test, an enclosure marked “Raintight” shall be considered to
requirements of this test if there is no entrance of water.

64A Rod Entry Test
64A.1

This test is to be conducted to evaluate ventilation openings in medium voltage equip

have met the

ment.

64A.2 Whe
made by atte

v’||nmedium voltage live parts are less than 102 mm (4 in) from an opening;\this
pting to insert a rod having a diameter of 12.7 mm (0.5 in).

64A.3 Whe
made by atte

medium voltage live parts are 102 mm (4 in) or more from an.opening, this
pting to insert a rod having a diameter of 19 mm (0.75 in).

64A.4 The gquipment complies with these requirements if the rod cannoet enter the opening.

64B Medium Voltage Shutter Integrity Test

64B.1 Any 9
(20 Ibf) force

Ising a 12.7 mm (0.5 in) square metal bar.at:ahy point on the shutter.

64B.2 During and after the test, the shutter shal’not be dislocated to the extent that perm
rod having a giameter of 12.7 mm (0.5 in).

64C Impulse Withstand Tests

64C.1 General

64C.1.1 Thip Section shallbe-applied as referenced or required by other portions of this S

test shall be

test shall be

hutter assembly provided in accordance with 45A.4 shall withstand the applicafjion of a 90 N

its entry of a

andard. This

test shall be performed forieach EUT construction considering: distribution of charge, including location of

any ground plane; changes'in proximity of medium-voltage parts to grounded parts, other me
parts or low-vpltage pants and shape of busbars and other medium-voltage parts.

Note: The resultg of this test are typically affected by the dlstrlbutlon of charge, location of any ground plane and sh
Sharp points such.a A A

64C.1.2 This test is required for the following situations:

a) End products that are comprised of assemblies of completely enclosed equipment
already been impulse tested individually according to their product standards,

dium-voltage

hpe of live parts.
his test.

that have not

b) Where MV or subassemblies are modified when assembled to complete the entire end

product/system, and

c) Where the overall end product impulse rating is higher than the lowest impulse rati
components in the end product.

ng of the MV

64C.1.3 The Impulse Withstand Test is a design test intended to evaluate the rated insulation level
(impulse voltage withstand, or basic insulation level [BIL]) rating of a given EUT field-wiring compartment
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assembly design. The medium-voltage circuits of a previously untested EUT field-wiring compartment
assembly shall be capable of withstanding voltage impulses using a full-wave 1.2 x 50 microsecond
impulse in accordance with IEEE 4 and having a crest value equal to or greater than the rated impulse
voltage of the equipment in accordance with Table 47A.1.

64C.1.4 The test sample shall be subjected to a sequence of tests in accordance with 64C.1.5 using one
of the following test methods:

a) Method 1 (3 x 9 test procedure): This method is preferred for new tests. In each of these tests,
three positive and three negative impulses shall be applied to each phase individually without
causing a disruptive discharge, except as noted in 64C.2.2.

b) Memmmmmmmrgmmimod for new
tests.|In each of these tests, fifteen positive and fifteen negative impulses shall be applied to each

phasg individually without causing a disruptive discharge, except as noted in 64C.2.3.

Some insulating materials retain a charge after an impulse test, and for these casés care shpuld be taken
when reversing the polarity. To allow the discharge of insulating materials, the Use of approprjate methods,
such as the application of 3 impulses at about 80 percent of the test voltage in the reverse polarity before
the test, is recommended.

64C.1.5 Two test sequences are required. Test 1 subjects theentire EUT to the rated impulse voltage
with the isolating means closed. Test 2 verifies the isolating means provides adequate isolption when in
the open posdition. The sequence of tests shall be as follows:

a) For Test 1, the isolating means is to be closed,.@ll medium-voltage fuses and contrgl circuit fuses
are to be in place, and the test voltage is .to-be applied and shall be applied tq each phase
indivigually. If the phases are connected together through a transformer or rectifier, all the input
terminals are to be connected together, alllow voltage circuits are to be connected t¢ ground, and
the tesst voltage is to be applied between the medium voltage input terminals and ground.

b) For Test 2, the isolating means'is to be open and an impulse voltage of 110 % of the rated
impulge withstand voltage is o be applied in each phase individually between the cpntacts of the
isolating means across the isolating gap. If the isolation means has provision for |[automatically
grounding its load side-when in the fully opened position, the test voltage is to be value specified
under Test 1.

64C.2 Evaluation
64C.2.1 The EUT shall be considered to have passed the test if no disruptive discharge on non-self-

restoring inspufation occurs. A discharge that occurs through an integrally connected surge arrester is
acceptable.

64C.2.2 Test method 1, 3 x 9 test procedure: If a disruptive discharge occurs on only one test during any
group of three consecutive tests, nine more tests shall be made. If the equipment successfully withstands
all nine of the second group of tests, the flashover in the first group shall be considered a random
flashover, and the EUT assembly shall be considered as having successfully completed the test.

64C.2.3 Test method 2, 2 x 15 test procedure: The EUT assembly shall be considered as having
successfully completed the test if the following conditions are fulfilled:

a) Each group has at least 15 tests;

b) The number of disruptive discharges does not exceed two for each complete group; and
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c) No disruptive discharges on non-self-restoring insulation occur. This is to be confirmed by 5
consecutive impulse withstands following the last disruptive discharge. This procedure leads to a
maximum possible number of 25 impulses per group.

RATING
65 Details

65.1 A unit shall be rated as shown in Table 65.1.

Table 65.1
Unit Ratings

Utility- Stand-
interactive alone Product
Rating type (un (SA) [ ulw/cc? | sAw/ccY | ISE cc? | PVRSE:det | PVRSE-pc | Marking

Max input X° X X X X X X
voltage (dc)?

Range of input xP X X X X X X X
operating

voltage (dc)
Max input XP X X X X X X X

current (ac or
dc)

Max Input short X X X X X X X
circuit current
Max backfeed X X

current (see
50.6.2)

Output power X X X X X
factor rating

Operating X X X X X X X
voltage range
(ac)

Operating X X X X X X X
frequency range
or single freq

Nominal output X X X X X
voltage (ac)

Normal output X X X X X
frequency

Max cont. X X X X X
output current
(ac)

Max cont. X X X X X
output power
(ac)

Max output fault X X X X
current and
duration (ac)

Max output X X X X X X
overcurrent
protection
(amps) ©

Table 65.1 Continued on Next Page
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Table 65.1 Continued

Utility- Stand-
interactive alone Product
Rating type (un (SA) | utw/cc? | sAw/CcCY | ISE cc? | PVRSE-dc | PVRSE-ac | Marking

Nominal output X X X X
voltage (dc)

Charging output X X X
voltage
operating range
(dc)

Ul trip limits and X X
times

x
X

Rapid shutdow|
time limit

Sychronization X X
in-rush current

Trip limit and X X X
trip time
accuracy

Normal X X X X X X X X
operation
temperature
range

Output pwr X X X X X
temp
derate/max pw
ambient ©

Control power X X X
source (ac/dc)

Control power X X X
or current range

Conductor AW X X X X X X X X
range

Power X X X X X
Frequency
Withstand
(dielectric)
rating’

Basic Impulse X X X X X
Rating (BIL)f

Notes:
AWG is AmeficanyWire Gauge

CC is charge controller

& The maximum input voltage determined in accordance with Section 690.7(a) of the National Electrical Code, NFPA 70, may be
used for photovoltaic inverters and charge controllers.

® Not required for AC modules.

¢ Normally the branch-circuit overcurrent protection.

4 Charging of batteries is able to originate from dc or ac sources. The rating types for either ac or dc are to be applied accordingly.
€ Only for units that derate with output temperature.

TRequired only for units with medium voltage ratings. This rating may appear on the medium voltage switchgear itself if the
equipment nameplate references the switchgear nameplate.
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MARKING
66 Details

66.1 Unless otherwise stated, all markings shall be permanent. The following types of markings or the
equivalent meet this requirement:

a) Molded,
b) Die-stamped,

c) Paint-stenciled,

d) Stamnped or etched metal that is permanently secured, or

e) Indglibly stamped on a pressure-sensitive label complying with the Standard for [Marking and
Labeling Systems, UL 969.

66.2 A unit|shall be plainly and permanently marked on the exterior surface or behind gn accessible
cover with:

a) The¢ manufacturer's name, trademark, or other descriptive marking by which the|organization
respomsible for the product is able to be identified — hereinafter referred to as the mpanufacturer's
name,

b) A distinctive catalog number or the equivalent,
¢) Theg electrical ratings as specified in Table 65.% for the specific type(s) of equipment] and

d) The date or other dating period of manufacture not exceeding any three consecytive months.
The rgpetition time cycle of a date code shall not be less than 20 years.

The date code shall not require reference to the manufacturer's records to determine yhen the unit
was mjanufactured.

Exception No. 1: The manufacturer's identification is able to be in a traceable code when the unit is
identified by the brand-ortrademark of a private labeler.

Exception No. 2:5-The date of manufacture is able to be abbreviated in a nationally accepted
convehtional eode, or in a code affirmed by the manufacturer.

66.3 When Bntinverter, converter, or interconnection system equipment (ISE) is intended fgr connection
with an EPSland complies with Ufility {“nmpa’rihilify’ Section 49 it shall be marked "Utility-Interactive,"

"Interconnection System Equipment," or the equivalent.

66.4 When an inverter, converter, or interconnection system equipment (ISE) is intended for connection
with an EPS, complies with Utility Compatibility, Section 49, and with IEEE 1547-2003, it shall be marked
“Utility Interactive Inverter” or equivalent to indicate the specific document and version of the interconnect
requirements to which it complies. Example “Compliant with IEEE 1547a-2014 (Amd. 1)” or equivalent.
Inverters that comply with the requirements of UL 1741 Supplement SA, as well as the requirements for a
utility interactive inverters shall be marked “Grid Support Interactive Inverter” or “Grid Support Utility
Interactive Inverter®. A reference to the specific standard(s) and version(s) complied with may optionally be
added to the marking and shall be included in the installation instructions.

66.5 With reference to the Exception to 43.2, the inverter or interconnection system equipment (ISE)
manual shall be marked with the following: "This unit or system is provided with fixed trip limits and shall
not be aggregated above 30 kW on a single Point of Common Connection."
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66.6 A unit or separate device provided with integral dc ground-fault detector/interrupter protection in
accordance with DC Ground-Fault Detector/Interrupter, Section 34, shall be marked to indicate its
presence. If the separate device is not self-contained and is intended for installation in another enclosure,
the device shall be provided with a label for fixing to the outside of the enclosure to indicate its presence.

66.7 When a unit is produced or assembled at more than one factory, each unit shall have a distinctive
marking — which is able to be in code — to identify the product of a particular factory.

66.8 The symbols described in (a) — (c) are usable for markings to comply with the requirement in Table
65.1:

a) A circuit intended to be connected to a dc circuit shall be identified by markings indicating that
the cifcuit shall be dc. The symbol illustrated in Figure 66.1 meets the requirementfor this marking.
See §6.9.

b) A gircuit intended to be connected to an ac circuit shall be identified by markings indicating that
the cfrcuit shall be ac. The markings shall include the supply-circuit frequency or|supply-circuit
frequéncy-range rating (cycles per second, cycles/second, hertz, c/s;. cps, or Hz)| The symbol
illustrated in Figure 66.2 meets the requirement for this marking. Se.66.9.

c) The number of phases shall be indicated when the unit is"designed for use onl a polyphase
circuif. The symbol illustrated in Figure 66.3 is equivalent to.thie word "phase." See 66|9.

Figure 66.1
Direct Current Supply Symbol

IECS031

IEC Publication 417, Symbol 5031
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Figure 66.2
Alternating Current Supply Symbol

IEC5032

IEC Publication 417, Symbol 5032

Figure 66.3
Phase Symbol

S3862

66.9 When a symbol referenced in 66.8 (a), (b), and (c) is used, the information described in 69.4(G)
shall be provided as part of the Important Safety Instructions.

66.10 The operating positions of a handle, knob, or other means intended for manual operation by the
user shall be marked.

66.11 Wiring terminals shall be marked to indicate the intended connections for the unit, or a wiring
diagram coded to the terminal marking shall be securely attached to the unit.

Exception: The terminal markings are not required when the wire connections are evident.

66.12 Field-wiring terminals shall be marked in accordance with 69.4 (L) and (M), Table 69.3, and the
following:
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a) "Use Copper Conductors Only" when the terminal is rated only for connections to copper wire,

b) "Use Aluminum Conductors Only" or "Use Aluminum Or Copper-Clad Aluminum Conductors
Only" when the terminal is rated only for connection to aluminum wire, or

c) "Use Copper Or Aluminum Conductors" or "Use Copper, Copper-Clad Aluminum, or Aluminum
Conductors" when the terminal is rated for connection to copper or aluminum wire.

66.13 With reference to 20.1.13 a pressure wire connector or stud-and-nut type terminal intended for
connection of an equipment-grounding conductor shall be identified by:

a) Being marked "G," "GR," "GND," "Ground," "Grounding," or equivalent,

b) A marking on a wiring diagram attached to the unit, or

c) The symbol illustrated in Figure 66.4 on or adjacent to the connector or‘on a wjiring diagram
provided on the unit. See 66.15.

Figure 66.4

Symbol for Equipment Grounding Conductor

66.14 In adcordance’with 46.3, a unit having an ambient temperature rating higher than 25 °C (77 °F)
shall be marked\to'indicate the maximum ambient temperature rating. When tested in acgordance with
46.1(c) and 48:2/4, this rating shall include the reduced output power rating.

66.15 With reference to 66.13(c), the following requirements apply when the symbol illustrated in Figure
66.4 is used:

a) The information described in 69.4(G) shall be provided in the Important Safety Instructions.

b) The symbol is usable for identifying only the field wiring equipment-grounding terminal. However,
a symbol as shown in Figure 66.4 is usable with the circle omitted for identifying various points
within the unit that are bonded to ground.

Exception: Where the symbol illustrated in Figure 66.4 is used with one of the alternate means of
identification specified in 66.13 (a) and (b), the information is not required to be provided in the Important
Safety Instructions.
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66.16 A terminal for the connection of a grounded conductor shall be identified by means of a metallic
plated coating substantially white in color, and shall be readily distinguishable from the other terminals; or
identification of the terminal for the connection of the grounded conductor shall be clearly shown in some

other manner, such as:

a) A marking on the unit,

b) An

indication on a wiring diagram attached to the unit, or

¢) Information provided in the instruction manual.

A field wiring lead intended to be grounded shall have a white or gray color and shall be readily

distinguishab

66.17 A terfninal, as described in 20.2.1, intended for connection of the grounding electro

shall be mark

66.18 A uni
marking mak
terminals. Se

66.19 A uni

polarity of the

a) The
b) The

c)Ap
batter

66.20 A mu
indicate the p
the form of a

66.21 Both
Section 14, o
are usable fo

£, Sl 1 <l
O MUINTT UUITCT 1TCAUo.

cd "Grounding Electrode Terminal."

employing pressure terminal connectors for field wiring connections shall be pr
ng reference to the instruction manual for the tightening torque to be applied
b 69.4(F).

t intended to be used with a remote battery supply~shall be plainly marked i
connections between the battery supply and the ufit with:

words "positive" and "negative,"
signs "+" for positive and "-" for negative;.or

ctorial representation illustrating thé.proper polarity, orientation, and similar pro
connections, as applicable for the type of battery supply involved.

tiple-voltage output unit for{permanent connection to the branch circuit shall &
articular voltage for which it'is set when shipped from the factory. The marking is
baper tag or any other honpermanent material.

in Disconngtt Devices, Section 15, shall be identified. The symbols illustrated i
this purpose. The identification shall not be by illumination only. See 66.22.

He conductor

bvided with a
to the wiring

hdicating the

berties of the

e marked to
able to be in

he on and off positions of the disconnect control devices specified in Switches and Controls,

h Figure 66.5
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Figure 66.5
On and Off Symbols

IEC Publication

66.22 Whe
described in

66.23 Aclo
energy (LVL
that the circu

66.24 With

a wire binding screw located in the field-wiring compartment shall be marked with inforr

indicating thg

S3486

117, Symbols 5007 and 5008

n the symbol illustrated in Figure 66.5 is used in accordance with 66.21, th
59.2(G) shall be provided.

ck, timing device oralarm circuit— on or remote from a unit — that is not a low-vg
F) circuit and that-remains energized during servicing functions shall be mark

t remains energized while the unit is off.

reference/to 18.3.4(b), a unit containing a field-wiring lead that is intended to be|

intended use of the lead.

e information

Itage, limited-
bd to indicate

connected to
hation clearly

66.25 With reference to the Exception to 20.1.8, low-voltage Class 2 field-wiring leads that are not color
coded shall be identified. The identification shall not require the use of a separate wiring diagram to make
proper connections.

66.26 A stand-alone unit having grounding type receptacles for the output ac current connections shall
be marked: "One side of the output circuit is bonded to the inverter frame. Connect the grounding
electrode terminal to a grounding electrode in accordance with the local codes."

66.27 With reference to 15.1(d), a marking shall be provided identifying the disconnect device, switch, or
breaker for the output ac and dc power circuits.
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66.28 With reference to the Exception to 19.2, a unit intended for use with a field installed conductor that
is of a size smaller than maximum rated conductor size yet rated for use with the field connection pressure
terminal shall be marked: "Use maximum AWG wire only for field connector"” or the equivalent.

66.29 In accordance with the Exception to 48.4.1, an inverter with a total harmonic distortion rms that
exceeds 30 percent of the fundamental rms output voltage rating shall be marked to indicate the
percentage that the total rms harmonic distortion exceeds the fundamental rms output voltage rating.

66.30 An enclosure other than Type 1 shall be permanently marked with the Type designation indicating
the external conditions for which it is intended as specified in the Standard for Enclosures for Electrical
Equipment, UL 50. An enclosure that complies with the requirements for more than one Type of enclosure
is able to be marked with multiple designations. The marking shall be on the inside or outside surface and
shall be visible after installation during inspection of the field wiring connections. In addition to the Type
designation marking, the optional markings specified in Table 66.1 are able to be used.

Table 66.1
Optional Markings
Type of enclosure Optional marking?
1 "indoor use only"
3,38, 4,4X, 6, or 6P "raintight”
3R "rainproof"
4 or4X "watertight"
4X or 6P "corrosion resistant"
2,12,12K, 0or 13 "drip tight"
3,3S,12,12K, or 13 "dust tight"

@ These markings are to be additional to the enclosure Type designation marking required in 66.30.

66.31 When conduit hubs are not provided for a Type 2, 3, 3R, or 3S enclosure, the enclosure, the
instruction sheet provided with the enclosure, or the packaging carton shall be marked to|indicate that
raintight or wet location hubs that comply with the requirements in the Standard for Conduit| Tubing, and
Cable Fittingg, UL 514B, are to.be used.

66.32 A separable conduit hub and a closure fitting shall be marked with the manufacturger's name or
trademark and the catalog number or equivalent. Such a hub or fitting is able to be shipped separately,
and any gasket, hardware, and instructions, required for installation shall be shipped with|the fitting or
packaged with the.enclosure.

66.33 A Type 2 or 3R enclosure that has knockouts for conduit in the sides or back of the enclosure and
in which the equipment to be installed is not known shall be marked to indicate the area in which live parts
are to be installed. See Exception No. 1 to 7.9.4 and Exception No. 1 to0 7.9.6.

66.34 A Type 4X enclosure intended for indoor use only shall be marked "4X Indoor Use Only" in letters
not less than 4.0 mm (5/32 inch) high.

66.35 When required by the Exception to 7.9.9, a marking shall be provided to instruct the installer to fill
the opening with a Type 12 conduit fitting.
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67 Cautionary Markings

67.1
marking.

Exception: The words "WARNING" or "DANGER" are usable in lieu of the word "CAUTION."

There shall be no substitute for the words "CAUTION," "WARNING," or "DANGER" in the text of a

67.2 A cautionary marking shall be prefixed by the word "CAUTION," "WARNING," or "DANGER" in
letters not less than 3.2 mm (1/8 inch) high. The remaining letters shall not be less than 1.6 mm (1/16 inch)

high.

67.3 A cautionat ymat it 0 shattbe:

a) Lo

b) Vis

Exception: Q

are to be located internally in an appropriate location with respect to the parts’of concern.

67.4 Alive

a) Is mistakable for dead metal,

b) Inv

c)lsn

shall be mark
live. Disconn|
the risk know

67.5 An inV
shall be ma

"Connect a minimum __ kVA rated isolating transformer between the output of the unit

power line c(
windings."

67.6 For cd
and the follo

ated on a part that is not removable without impairing the operation of thecunit,

ible and legible to the operator during the normal operation of the unit.

autionary markings pertaining to internal parts that are applicable only to servj

heat sink or other part that:

plves a risk of electric shock in accordance with-Electric Shock, Section 13, and

ot guarded as specified in 12.7

ed "CAUTION — Risk of Electric Sheck — Plates (or other word describing the ty
ect unit before servicing." The marking shall be located on or near the live part s
n before the part is touched -Asingle marking for multiple parts is usable.

erter intended to be used with an isolation transformer that is not supplied wit
ked "CAUTION —<For Proper Circuit Isolation" and the following words or t

nnections. Thetransformer is to be an isolation type having separate primary a

mplianee with Exception No. 2 to 7.2.1, a unit shall be marked with the word
ving or equivalent: "Risk of Electric Shock, Do Not Remove Cover. No User Ser

nd

jce personnel

be of part) are
50 as to make

h the inverter
he equivalent
and the utility
nd secondary

'CAUTION -"
iceable Parts

Inside. Refer

Qar\/iring To Qualified Service Personnel "

67.7 For each fuse that is used to comply with the requirements in this Standard, there shall be a legible
and durable marking indicating the ampere, voltage and "ac" or "dc" rating of the fuse to be used for
replacement. The marking shall be located so that it is obvious as to which fuse or fuseholder the marking
applies. This marking is able to consist of a pictorial identifying the rating of one or more fuses. In addition,
the following prominent marking shall be provided — a single marking is usable for a group of fuses:
"WARNING - For Continued Protection Against Risk Of Fire, Replace Only With Same Type And Ratings
Of Fuse."

Exception: The requirement does not apply to a fuse that is secured by solder.

67.8 An inverter shall be marked with the word "DANGER" and the following words "Risk Of Electric
Shock —" and the following or the equivalent. The marking shall be located on the outside of the unit or
shall be prominently visible with any cover or panel opened or removed:
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a) “XX power sources are terminated inside this equipment. All circuits must be individually
disconnected before servicing,” (XX shall be replaced by the number “two” or the number of
sources if more than “two”), or "Both ac and dc voltage sources are terminated inside this
equipment. All circuits must be individually disconnected before servicing," and

Exception: Equipment without a dc input source and having multiple ac sources shall be marked
"CAUTION" and the following words "Risk Of Electric Shock — " and the following or the equivalent.
“Multiple voltage sources are terminated inside this equipment. Each circuit must be individually
disconnected before servicing”.

b) "When the photovoltaic array is exposed to light, it supplies a dc voltage to this equipment.”

67.9 Aunit
be legibly m
following or th

67.10 A uni
Exception to
equivalent: "1
than 150 volts

67.11
marked "CA
equivalent wq
time indicateq
specified in 1}

67.12 With
shock and/or
discharge (id
indicating ho
operatinga s
capacitor bar

4

A rempovable panel covering a capacitor in accordance with Exception No. 1 to 13

hat exceeds the temperature limits specified in Table 46.2 — see the Exceftion t
irked externally where readily visible after installation with the word "CAUTI

e equivalent: "Hot surfaces — To reduce the risk of burns — Do not tough:"

provided with single-pole circuit breakers in the input or output circuit in accord
32.1.8 shall be marked internally with the word "CAUTION" and the follg

to ground."

UTION — Risk of electric shock from energy-stored in capacitor" and the
rding: "Do not remove cover until __ minutes after disconnecting all sources of

in the marking is to be the time required\to discharge the capacitor to within t
B.2.1, and shall be less than 5 minutes;

reference to Exception No. 2 t0.13.2.3, a unit shall be marked "CAUTION — R
electric energy-high current levels" and the following or equivalent wording: "Dig
entify capacitor) before removing panel as follows." Appropriate instructions

vitch, unplugging a_connector, or the equivalent. When the time to discharge the
k is longer than(Tysecond, the unit shall be additionally marked to indicate

discharge ti

connecting the discharge\eircuit." The time indicated in this marking shall not exceed
momentary type switches-and 5 minutes for other means that actuate the discharge circuit.

67.13 An unpgrounded dead metal part specified in the Exception to 22.2(f), shall be ma
word "CAUTIDNY and the following or the equivalent: "(Identify part or parts not earth groung

e with the following or the equivalent: "Do not remove cover until 1

D 46.2 — shall
DN" and the

ance with the
wing or the

o reduce the risk of electric shock and fire — Do not conngct to a circuit operating at more

.2.3 shall be
following or
supply." The
ne limitations

sk of electric
sconnect and
shall follow

v to discharge the capagitor. The procedure indicated shall be limited to functions such as

capacitor or
he minimum
hinutes after
1 minute for

ked with the
ed) (is) (are)

not grounded — (it) (they) involve a risk of electric shock. Test before touching." The marking shall be
provided on or adjacent to the ungrounded dead metal part and shall be visible so that each part or group
of parts is positively identified.

67.14 With reference to Exception No. 3 to 13.2.3, a marking shall be provided indicating "CAUTION —
Risk of electric shock or electrical energy-high current levels" and the following or the equivalent: "High-
energy electric charge is stored in (identify capacitor) and associated circuitry. Test before touching." The
marking shall be located internally adjacent to the capacitor.

67.15 With reference to 34.10, units with integral ground-fault detector/interrupter or separate devices
having the same function shall be marked with the word "CAUTION" and the following or equivalent: "Risk
of Electric Shock. Normally Grounded Conductors May Be Ungrounded and Energized When a Ground-
Fault is Indicated." If the separate device is not self-contained and is intended for installation in another
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enclosure, the device shall be provided with a label for fixing to the outside of the enclosure to indicate the

caution statement.
68 Equipment Information and Instructions

68.1 Separation of information

68.1.1 Operating and operator-servicing instructions shall be separated from servicing instructions.

68.1.2 Where servicing requires access to parts that involve a risk of electric shock, servicing
instructions shall be preceded by a warmng The warmng shall be worded as foIIows or the equivalent

"Warning —

electric shock, do not perform any serwcmg other than that speC|f|ed in the operatlng instru
you are quali |ed to do so." The letter height shall be in accordance with 67.2.

68.2 Operdting and installation instructions

68.2.1 Theloperating and installation instructions shall:
a) Depcribe the equipment installation, including specifically:
1) Assembly, and mounting, where required,
2) Grounding means, and
3) Ventilation consideration;
b) Explain equipment markings, including. specifically:
1) Symbols,
2) Controls, and
3) All applicable ratings in Table 65.1;
c) Identify and describé.interconnections with:
1) The input\source,
2) The.utility, and

3))yAuxiliary and accessory equipment;

ce the risk of
ctions unless

d) Explain the operation of the equipment;

e) Indicate that the ac output (neutral) is (is not) bonded to ground;

f) In accordance with 16.2.3(a), an inverter provided with a fixed ac output shall inform the installer
that the input and output circuits are isolated from the enclosure and that system grounding, when
required by Sections 690.41, 690.42, and 690.43 of the National Electric Code, ANSI/NFPA 70, is

the responsibility of the installer;

g) Field adjustable trip limits for voltage and frequency shall be described and include the
adjustment range for voltage, frequency and trip time. The "as shipped" default settings shall be

specified; and

h) Integral dc ground-fault detector/interrupter protection shall describe the proper method for

connecting and grounding the photovoltaic system.
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i) For any chassis mounted power socket or cable mounted power connector not manufactured to a
NEMA standard, the following warning and information shall be provided:

1) The following statement: “Any power connector mated with a socket or connector
attached to this product must be from the same manufacturer, the same series, and have a

matching part number”, and

2) Inverters, microinverters, dc to dc converters and other equipment equip
wiring connectors that comply with the Standard for Connectors for Use in
Systems, UL 6703, shall have the specific allowable mating connector manufa

ped with PV
Photovoltaic
cturer(s) and

model number(s) listed, as well as contact information and/or website of the PV connector
manufacturer. If a specific product is available with multiple PV wiring connectors from

128
j) For
type o
19A.3
68.2.2 The

maintenance

68.2.3 The
Electrical Cog

68.2.4 Ane

watertight conduit connection when thé ¢onnection is not mounted on the enclosure.

68.2.5 Instal
bonding mea

68.2.6 Whe
identifying the

68.2.7 A pg

H £ 'y 4l 4l £o11 H ballls + Ladlaal
vdliiuuo 1Tiariurdviurcro, Uit ure tunuvin Iu S1All VG ITTUIUuuUtcTuU.

i) Means to identify each distinct PV connector manufacturer’s produc
picture or illustration, unique physical features, markings, company logo

i) Allowable mating connector manufacturer and model‘number(s) lis
distinct cable connector manufacturer’s product(s), as well as contad
and/or website of the PV connector manufacturer.

medium voltage equipment, instructions shall include jnformation on any restri
r raceway location that may be required to maintain“proper wire bending spac

important safety instructions shall appear before the battery installation proj

nstallation instructions shall indicate that the wiring methods in accordance with
e, ANSI/NFPA 70 are to be used.

nclosure marked Type 4, 4X,,6, or 6P shall be provided with instructions for ing

lation instructions-shall be provided with an enclosure intended for field ass
ns that identifiesthe parts for bonding and specifies the method of installation.

N a hub or-fitting is not provided or installed on a Type 4 or 4X enclosure
specific hub or fitting and installation instructions shall be provided with the enc

lymeric enclosure shall have instructions stating that the hub is to be conn

—such as a
s, etc, and

ted for each
t information

ttions of wire
b as noted in

cedures and

the National

tallation of a

embly of the

instructions

osure.

ected to the

conduit before the hub is connected o the enclosure whenit:

a) Is intended for connection to a rigid conduit system,

b) Has not been subjected to the torque test described in Polymeric Enclosure Rigid Metallic
Conduit Connection Tests in the Standard for Enclosures for Electrical Equipment, UL 50, and

¢) Is not provided with a preassembled hub.

68.2.8 With reference to 36.3, a product, not covered by 36.2, that uses a manufacturer-specified
external isolation transformer shall be provided with instructions that specify the manufacturer, model,
electrical ratings, and environmental ratings for the external isolation transformer with which it is intended

to be used.
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69 Important Safety Instructions

69.1 The headings "IMPORTANT SAFETY INSTRUCTIONS" and "SAVE THESE INSTRUCTIONS" for
the instruction manual, and the opening statements of the instructions in the important safety instructions
shall be entirely in upper case letters not less than 4.8 mm (3/16 inch) high or emphasized to distinguish
them from the rest of the text. Upper case letters in the instructions shall not be less than 2.0 mm (5/64
inch) high, and lower case letters shall not be less than 1.6 mm (1/16 inch) high.

69.2 There shall be no substitute for the words "CAUTION," "WARNING," or "DANGER" in the text of the
instructions.

Exception: The-words

69.3 Thei

with each
instruction m

UrIT:

portant safety instructions described in items A — U in 69.4, as appropriate; shg
it. The information contained in items C — U is able to be marked on the
pnual.

Il be provided
unit or in the

69.4 The important safety instructions shall include instructions for the_following items| A — U. The
statement "I%PORTANT SAFETY INSTRUCTIONS", and the statement "SAVE THESE INSTRUCTIONS"
shall precedg¢ the list. The word "WARNING," "CAUTION," and "DANGER" shall be entirely jn upper case
letters.
IMPORTANT SAFETY INSTRUCTIONS
A. SAVE THESE INSTRUCTIONS — This manual contains important instructions for Models
(blank space is to be filled in with appropriate model numbers) that shall be
followed during installation and maintenancetof the (blank space is to indicate inverter
or charge controller as appropriate).

Exception: When the instructions are“exactly the same for all models, specific model numbers are

not rdquired.

dware are not
sure terminal

B. In accordance with 18.2.4, when pressure terminal connectors or the fastening har
provided on the unit assshipped, the instruction manual shall indicate which pres
conngctor or componeht terminal assemblies are for use with the unit.

manual shall
er descriptive

C. W
includ
marki

th reference.to item B, the terminal assembly packages and the instruction
e information identifying wire size and manufacturer's name, trademark, or oth
hg by which the organization responsible for the product is identifiable.

D. When)a pressure terminal connector provided in the unit [or in a terminal assembly covered in
18.2.4(d)] for a field installed conductor requires the use of other than a common tool for securing
the conductor, identification of the tool and any required instructions for using the tool shall be
included in the instruction manual.

E. A unit provided with a wire connector for field installed wiring as covered in Exception No. 2 to
18.3.1 shall be provided with instructions specifying that the connector provided is to be used in
making the field connection.

F. A unit employing pressure terminal connectors for field wiring connections shall be provided with
instructions specifying a range of values or a nominal value of tightening torque to be applied to the
clamping screws of the terminal connectors. The minimum specified tightening torque shall not be
less than 90 percent of the value specified in Table 69.1 or Table 69.2 applicable to the wire size
determined in accordance with 18.1.3.
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Exception: A torque less than 90 percent is usable when the connector — using the lesser assigned
torque value — complies with the Standard for Wire Connectors, UL 486A-486B, or the Standard for
Equipment Wiring Terminals for Use with Aluminum and/or Copper Conductors, UL 486E.

G. When a symbol is used for compliance with marking requirements specified in 66.9, 66.14, or
66.22, the instruction manual shall identify the symbol.

H. The instruction manual for a unit that exceeds the temperature limits of Table 46.2 (see the
Exception to 46.2) shall specify that the unit is to be installed so that it is not expected to be
contacted by persons.

I. The instruction manual for a charge controller or an inverter intended to charge batteries shall

indica

o the nominal \lnlfnnn rahnn of the hattery ellnnl\l and a2 aeneric rlner\r'lnhnn of
4 Lt o I

he batteries,

such gs lead acid, nickel cadmlum and vented or sealed
J. In dccordance with 46.3, the instruction manual for an inverter having an ambient temperature
rating higher than 25 °C (77 °F) shall indicate the maximum ambient temperature rating.
K. Forla unit having a single equipment field-wiring terminal that is intended for conneftion of more
than @ne conductor, the instruction manual shall include information identifying the number of
condugtors and range of conductor sizes.
L. Forla unit provided with field-wiring terminals or leads, thg, instruction manual shall include the
information indicated in Row 1, 2, 3, or 4 of Table 69.3 orwith equivalent wording, wheh it is:

1) Intended for use on a supply circuit rated 14Qamperes or less, or

2) Intended for field connection with 1 AWG (42.4 mm?) or smaller conductors.
M. Fof a unit provided with field-wiring termhinals or leads, the instruction manual shall include the

inform

N. WH
indica
Class

1) Intended for use on a supply circuit rated more than 110 amperes, or
2) Intended for field connéction with conductors larger than 1 AWG (42.4 mm?)

en required by the\Exception to 18.6.1, the instruction manual shall include
ing that Class (I" witing methods are to be used for field wiring connections to t
D circuit.

hccordancge with 50.1.7, when an abnormal test is terminated by operation of

-circuit'overcurrent protective device the instruction manual for a unit shall incl

ation indicated in Row 3 or 4 of Tabte 69.3, or with equivalent wording, when it is|

a statement
erminals of a

the intended
ude the word

ly to a circuit
ordance with
the Natlonal Electrical Code ANSI/NFPA 70 " The bIank space is to be f|IIed in W|th the ampere
rating of branch-circuit overcurrent protection described in 50.1.7.

P. When required by the Exception to 32.3.1, the instruction manual shall include a statement
indicating that overcurrent protection for the ac output circuit is to be provided by others.

Q. When required by the Exception to 32.4.1, the instruction manual shall include a statement
indicating that overcurrent protection for the battery circuit is to be provided by others.

R. An inverter with 120 V output shall be provided with instructions that include the word
"WARNING" and the following or the equivalent: "To reduce the risk of fire, do not connect to an ac
load center (circuit breaker panel) having multiwire branch circuits connected.”

S. When required by Exception No. 2 to 34.1, the manual shall include the word “WARNING” and
the following or equivalent: “This unit is not provided with a GFDI device. This inverter or charge
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controller must be used with an external GFDI device as required by the Article 690 of the National
Electrical Code for the installation location.”

T. Any device, including a microinverter, PVIE, or string inverter provided with input or output leads
or an ac output paralleling cable assembly or a trunk cable that has conductors with stranding finer
than Class B or Class C (typically 19 strands for 14-2 AWG conductors), shall include the following
statement, or equivalent, in the instruction manual: “The input or output leads or ac output
paralleling cable assembly or trunk cable supplied with this device has fine stranded, flexible
conductors and if unterminated or if any factory-installed connectors have been removed, shall only
be terminated using connections that have been rated for use with such conductors.”

U. Where the unit uses a trunk cable or other output cable to connect multiple units in parallel

witho
units

Table 69.1

4 4 + ' | H £ 4l 4 £ of o T 1 H 4 '
HU ATT UVCTUUTTTTIU PTULTUUVE UTVILT TUT T UULpUl UT ' TAUlT UTTIE, UTC TTTotruCuuUTrT T

hall include the following statements:

Tightening Torque for Pressure Wire Connectors

nual for each

a) Maximum number of units that can be connected in parallel without ap overcurrent
protective device for each unit.

b) The rating of the maximum overcurrent device protecting the*combined ouytput circuit of
the maximum number of units after the outputs are connected'in parallel.

¢) The minimum ampacity of the conductors in the trunk-cable or other cable|connected to
the output of each unit.

Size of wire fhat is to be Tightening torque, N-m (pound-inch)
used for conrjection of the Slotted head no:40 and larger Hexagonal head — external drive socket
urlit Slot width — 1.2 mm*.{ Slot width — over 1.2 wrench
(0.047 inch) or less'and | mm (0.047 inch) or slot
slot length 6.4.mim-(1/4 | length-over 6.4 mm (1/4 Split-bolt
AWG/kcmil (mm?) inch) orless inch) connectors Other connectors
18-10 (0.82-5.3) 2.3 (20) 4.0 (35) 9.0 (80) 8.5 (75)
8 (8.4) 2.8 (25) 45 (40) 9.0 (80) 8.5 (75)
6-4 (13.3-21.2) 4.0 (35) 5.1 (45) 18.6 (165) 1214 (110)
3 (26.7) 4.0 (35) 5.6 (50) 31.1 (275) 16{9 (150)
2 (33:6) 45 (40) 5.6 (50) 31.1 (275) 16{9 (150)
1 (42.4) - 5.6 (50) 31.1 (275) 16{9 (150)
1/0 —2/0 (A5 —R74) — 56 (50) 435 (385) 2013 (180)
3/0-4/0  (85.0-107.2) - 5.6 (50) 56.5 (500) 28.2 (250)
250 - 350 (127 - 177) - 5.6 (50) 734 (650) 36.7 (325)
400 (203) - 5.6 (50) 93.2 (825) 36.7 (325)
500 (253) - 5.6 (50) 93.2 (825) 42.4 (375)
600 — 750 (304 — 380) - 5.6 (50) 113.0 (1000) 42.4 (375)
800-1000 (406 —508) - 5.6 (50) 124.3 (1100) 56.5 (500)
1250-2000 (635—1016) - - 124.3 (1100) 67.8 (600)
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Table 69.2
Tightening Torque for Pressure Wire Connectors having Internal Drive, Socket-Head Screws
Socket size across flats, Tightening torque,
mm (inch) N-m (pound-inch)
3.2 (1/8) (45)
4.0 (5/32) 114 (100)
4.8 (3/16) 13.8 (120)
5.6 (7/32) 17.0 (150)
6.4 (1/4) 22.6 (200)
7. (o7 10) ST-1 (275)
9p (3/8) 42.4 (375)
127 (1/2) 56.5 (540)
143 (9/16) 67.8 (640)
Table 69.3
Termination Markings
Temperature rating of wire
that is intend€ed to be used Aluminum conductors or cppper-clad
for connectioh of the unit Copper conductors only conductors?
Row 1 600r75°C "Use either® AWG, 60 °C or° AWG, 75°C "Use 60 °C wire, either® AWG cqpper or® AWG
copper wire" aluminum; or 75 °C wire, eithgr No.° AWG
aluminum.
Row 2 60 °C "Use® AWG, 60 °C copper wire" "Use 60 °C wire, either® AWG cqpper or® AWG
aluminum”
Row 3 75°C "Use® AWG, 75 € copper wire" "Use 75 °C wire either® AWG copper or® AWG
aluminum”
Row 4 90 °C "Use® AWG,)90 °C copper wire" "Use 90 °C wire, either® AWG cqpper or® AWG
aluminum”

@ Reference to

® The wire size
ampacities give
described in 18}

¢ The conducto
a) The

b) Thel

1.3.

70, an|

size shall notde\smaller than the larger of the following:

conductar size used for the temperature test; or

H the'derating factor described in 18.1.3.

opper wire is not to be included when wiring terminals are marked in accordance with 66.12(b).

or 60 °C wire is not regired to be included in the marking; however, when it is included, it shall be b
n in Table 310.15(B)(16)/of the National Electrical Code, ANSI/NFPA 70, for 60 °C wire and the dera

75 € wire size based on the ampacities given in Table 310.15(B)(16) of the National Electrical Cod

Ased on the
ing factor

e, ANSI/NFPA

MANUFACTURING AND PRODUCTION TESTS

70 Dielectric Voltage-Withstand Test — Low Voltage Circuits

70.1

potential from Table 70.1 for AC rated circuits and from Table 70.2 for DC rated circuits:

Each unit shall withstand without breakdown, as a routine production-line test, the application of a

a) From input and output wiring, including connected components, to accessible dead metal parts
that are able to become energized, and

b) From input and output wiring to accessible low-voltage, limited-energy metal parts, including

termin

als.


https://ulnorm.com/api/?name=UL 1741 2023.pdf

MAY 19, 2023

UL 1741

133

70.2 Other than as noted in 70.3, the potential for the production-line test shall be in accordance with
Condition A or Condition B of Table 70.1 or Table 70.2 at a frequency within the range of 40 — 70 Hertz.

Table 70.1
Production-Line Test Conditions AC Rated Circuits
Condition A Condition B Condition C Condition D
Circuit Potential, Time, Potential, Time, Potential, Time, Potential, Time,
rating, Vac volts ac seconds volts ac seconds volts dc seconds volts dc seconds
250 or less 1000 60 1200 1 1400 60 1700 1
More than 1000+2 \? 60 1200+ 2.4 \? 1 1400+ 2.8 60 1700+3.4 \@ 1
250
& Maximum mafked voltage.

Note: The mult

pliers in the table are chosen with the following background:
P.4 — A 20 % adder on the multiplier 2 to account for reduced test time.

.8 — A V2, truncated after the first decimal (=1.4) multiplier on "2" from condition A t6\account for the
in AC rms voltage to calculate the DC test potential of AC circuits.

.4 — A combination of the two above: 2*1.2*1.4, rounded to the next decimal.

peak value of

Table 70.2
Production-Line Test Conditions for DC'Rated Circuits
Condition A Condition B Condition C Condition D
Circuit Potential, Time, Potential, Timey Potential, Time, Potential, Time,

rating, Vdc volts ac seconds volts ac seconds volts dc seconds volts dc seconds
250 or less 1000 60 1200 1 1400 60 1700 1

More than 1000+1.4 \° 60 1200+ 1.7 V@ 1 1400+ 2 @ 60 1700+2.4 \f° 1

250

@ Maximum mafked voltage.

70.3 A unit
dc potential i

70.4 Testin
manufacturin

70.5 The te

h accordance with.Cendition C or Condition D of Table 70.1 or Table 70.2.

j of a unit in .a heated or unheated condition meets the intent of the re
g and produgtion tests.

st is t0 be performed on a complete, fully assembled unit. It is not intended th

employing circuitry that.is able to be damaged by an ac potential is able to be tested using a

quirement for

at the unit be

unwired, mociiified, or disassembled for the test.

Exception No. 1: A part, such as a snap cover or a friction-fit knob, that interferes with the performance of
the test is to be removed.

Exception No. 2: The test is able to be performed on a partial or modified unit as long as it has been

evaluated to

be representative of a complete unit.

Exception No. 3: The grounding connection of a grounded input terminal is able to be disconnected.

70.6 A unit employing a solid-state component that is not relied upon to reduce a risk of electric shock
and that is susceptible to damage by the dielectric potential, is able to be tested before the component is
electrically connected or after the component is electrically disconnected. The circuitry is able to be
rearranged for the purpose of the test to minimize the potential of solid-state-component damage while
retaining representative dielectric stress of the circuit.
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70.7 The test equipment for supplying an ac potential is to include a transformer having a sinusoidal
output. The test equipment is to include a means of indicating the test potential, an audible or visual
indicator of breakdown, and a manually reset device to restore the equipment after breakdown or a feature
to automatically reject a noncomplying unit.

70.8 Where the output rating of the test equipment transformer is less than 500 VA, the equipment is to
include a voltmeter in the output circuit to directly indicate the test potential.

70.9 Where the output rating of the test equipment transformer is 500 VA or more, the test potential is to

be indicated:

a) By a voltmeter in the primary circuit or in a tertiary-winding circuit,

b) By L selector switch marked to indicate the test potential, or

c)Int
locatid

equipment shall include a positive means, such as an indicator lamp, to.indicate that

reset 9

70.10 Test
intended fact

70.11 Durin
circuits of the
test-equipme

Exception: A
potential from

70A Power

70A.1  Medi
requirements

Exception 1:

Exception 2:

e case of equipment having a single test-potential output, by a marking”in a
n to indicate the test potential. When marking is used without an indicating

witch has been reset following a dielectric breakdown.

quipment, other than that described in 70.7 — 70.9, is usable when found to ag
ry control.

unit are to be connected together and to one terminal of the test equipment, an
nt terminal is to be connected to the accessiblé dead metal.

switch is not required to be in thegon position when the testing means ap
the input and output wiring to dead-metal parts with the switch not in the on pos

Frequency Voltage Withstand Test — Medium Voltage Circuits

im voltage circuits .of ,units shall be subjected to the power frequency w
of Section 47A.

['his test is not.required to be applied across the open gap of the isolating meand.

This test of the MV circuits may be waived for MV circuits that are comprised

and compond

components 1and equipment.

nts_that have already been subjected to similar routine MV production line tes

eadily visible
oltmeter, the
the manually

complish the

j the test, the unit switches are to be in the on position, both sides of the inpuit and output

d the second

blies full test
tion.

ithstand test

bf equipment
fing on those

71 Production Tests for Interactive Equipment

711

applicable requirements in IEEE 1547.1-2005, Section 6, Production tests.

CHARGE CONTROLLERS

INTRODUCTION

72 General

721

Products rated for compliance with IEEE 1547-2003 and IEEE 1547.1-2005 shall comply with the

These requirements cover permanently connected charge controllers that are intended to be

installed in photovoltaic panels, photovoltaic power distribution equipment, and control panels or systems.
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72.2 The requirements in Sections 72 — 83 supplement and, in some cases, amend the requirements in
Sections 6 — 70.

CONSTRUCTION
73 General

73.1 One of the internal current-carrying conductors (normally the negative), connecting the charge
controller's input to output, shall be identified as the grounded conductor where the controller is used in
grounded circuits or systems. The grounded conductor shall not contain any components, such as relays,
transistors or similar devices.

Exception: Alshunt provided in the negative line is in compliance with the requirement.

73.2 When
system grou
minimum siz

Exception: A

a) Th
comp

b) Th

73.3 Contrgls for the adjustment of the state-of-charge of a battery shall be accessible

service pers(

Exception: A
inverter shal

73.4 When

shall be remgte from the charge controller, see 82.3 and 82.4.

Exception: T
with 82.4 ang

73.5 Thep
compartmen

a shunt is provided in accordance with the Exception to 73.1, theppoint of
nd shall be identified. The cross-sectional area of the shunt shalk not be
b conductor for the intended current and material type. See Table 212 for exam

smaller size shunt meets the intent of the requirement when:

e measured temperatures do not exceed the ratings-of the support materials 9
onents under normal operation, and

b shunt does not open as a result of the tests insAbnormal Tests, Section 50.

nnel only.

n on/off switch or disconnect_ device of a charge controller, power distribuf
not be deemed a control for the State-of-charge of a battery.

a charge controller employs temperature compensating monitoring, the mon

fre monitoring means is able to be internal to a unit when the unit is marked |
, the unit issprovided with instructions as described in 83.6.

plymeric-material in a charge controller that is intended to be installed internally
of.a photovoltaic module shall have a relative thermal index of 90 °C (194 °F) m

connection to
ess than the
les.

r surrounding

for qualified

jon panel, or

toring means

n accordance

to the wiring
inimum.

PERFORMANCE

74 General

74.1 A charge controller shall be tested as described in 76.1 — 80.4.
74.2 A charge controller intended for use in a photovoltaic control panel is to be installed in the smallest
specified size enclosure.

74.3 A charge controller intended for use in a photovoltaic module wiring compartment is to be installed
in the smallest sized compartment in which the controller is able to be installed. Prior to testing, the charge
controller is to be subjected to 20 cycles of the Temperature Cycle Test in accordance with the Standard
for Flat-Plate Photovoltaic Modules and Panels, UL 1703. When performing the tests, the charge
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controller, without an electrical enclosure, is to be in an ambient of 60 °C (140 °F) minimum or as rated by
the manufacturer.

75 Sources and Loads

75.1  When performing tests on a charge controller using a simulated source for the PV input, the test
source is to be adjusted to the maximum rated input voltage, and the current source shall be capable of
delivering the DUT’s rated maximum input short-circuit current measured at the DUT terminals.

75.2 For the charge controller output, a battery or a simulated battery load is able to be used. A
simulated battery load is to consist of one of the Ioads defined in Table 75.1 and |IIustrated in Figure 75.1

The capacitance 0 = 0 s ate the battery
voltage and dJusted to draw a specrfled operatronal battery charge current as requrred by the charge
controller degign. A series resistance shall be added to the capacitor bank in orderctolaghieve a time
constant of npt less than 3ms for battery ports with an I, max rating of 10kA or less, or 8ms if the rating
exceeds 10kf. The source shall be capable of delivering the DUT’s rated maximum battery short-circuit
current measpred at the DUT terminals.

Note: These timg constant specifications are aligned with the Standard for Molded-Case €ircuit Breakers, Molded-Case Switches
and Circuit-Breaker Enclosures, UL 489, for DC circuit breakers.

Table 75.1
Simulated Battery Loads

Battery current rating, Capacitance in microfarads

amperes
0-20 100,000
>20-40 185,000

>40 300,000
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Figure 75.1

Charge Controller Test Configuration

CHARGE
PHOTOVOLTAIC
ARRAY OR 4bD—P CONTROLLER |—» LOADS
SIMULATOR UNDER TEST

Impedance, diodes and

Constant Voltage Power Supply protection as needled

Constant Current Rower Suppiy
with Limited Voc vltage. L >
Power Supply with{both Voc

and Isc limits.

Rated Loads
Swyc toarls
. Abnarmaly[est Loads

wnp =

BATTERY OR
SIMULATED
BATTERY

1. Small Battery Attached to Properly Rated Controlling PowghSupply
2. Bi-polar Power Supply (Bi-directional current flow)

o 3. Resistor/Capacitor * (For connection to Power Supply)

* In accordance with 75.2.

76 Normal|Operations

76.1  Whenl|tested as described in 76.3 ~J¥6.5, a charge controller shall not exceed its rated|input, output,
or battery charge/discharge current by.more than +10 percent.

76.2 When|tested as described in. 76.3 — 76.5, a charge controller shall not exceed its rateq voltages. An
on/off and cgnstant voltage charge controller shall not have an output voltage at the battery terminals or at
load terminals that exceeds itsirated value by more than +10 percent after the first minute of gperation.

76.3 The charge centroller is to be connected to a photovoltaic array or simulated source adjusted as
specified in $ources:and Loads, Section 75. The battery interface terminals of the charge cgntroller are to
be open circurited. The output or load terminals of the charge controller are to be connected {o a load. The

load is to be|adjusted to draw the maximum attainable output current from the charge confroller and the
voltage is to be measured at the load terminals and at the battery terminals. When the charge controller
does not function with open-circuited battery terminals, the test method described in 76.5 is to be used.

76.4 Once operational, the load is then to be adjusted over a range of operation, excluding short-circuit,
and the voltage is to be measured at the output (load) terminals and at the battery interface for each value
of load.

76.5 For a charge controller that does not function with open-circuited battery terminals, the charge
controller is to be connected to a photovoltaic source or simulated source capable of providing 125 percent
of the rated current of the intended photovoltaic circuit. The output of the charge controller is to be
connected to a load. The battery terminals are to be connected to a battery or battery simulator operating
at the charge controller rated battery voltage. The load is to be adjusted to draw the maximum rated
current of the charge controller. The test method specified in 76.4 is to be conducted while measuring
output current.
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77 Temperature

771

When tested as specified in Temperature, Section 46, the temperatures measured on polymeric

materials in a charge controller intended to be installed in accordance with 73.5 shall not exceed the
relative thermal index rating of the material determined in accordance with the Standard for Polymeric
Materials — Long Term Property Evaluations, UL 746B.

78 Temperature Compensation

78.1

While the temperature sensor input is in a short- or open-circuit condition, a charge controller

provided with integral temperature compensation shall shut down or limit the output charge to the load

when tested as cpnr\ifinr] in7Z8.2

78.2 The ch
sensor input i

79 Connec

79.1 When
remain within

79.2 A chafge controller marked with a connection sequence is to be connected in th

manner and t

79.3 A char
battery conng
energized be
with Normal

79.4 For all|charge controllers, the battery-voltage is to be disconnected and reconnected @
operation. The voltages and currents are\to be measured at the photovoltaic input, load outpu
terminals.

80 Abnormal Tests

80.1 General

80.1.1 Wheh tested as described in 50.2 — 50.6 and 80.2 — 80.4, a charge controller shal

50.1.1.

arge controller is to be connected to its rated input supply and rated load.\Fhe
5 to be open-circuited and then short-circuited, one at a time.

ion Sequence

tested as described in 79.2 — 79.4, the voltages and currents for a charge cq
their rated values.

nen tested in accordance with Normal Operations, Section 76.

e controller not marked with a prescribedconnection sequence is to be tested
cted before the photovoltaic source, andthen with the photovoltaic source cd
ore the battery is connected. Outputdo the battery or load is to be measured ir
Dperations, Section 76.

temperature

ntroller shall

e prescribed

first, with the
nnected and
accordance

uring normal
I, and battery

comply with

80.1.2 During any of the tests in 80.2 — 80.4, when shorting of the battery output terminals is required
while under load, relaying shall be used to short the terminals of the unit under test while open-circuiting

the battery.
80.2

80.2.1

Input and output faults

The photovoltaic array connections of a charge controller are to be connected to a dc simulator

and the load (output) terminals are to be loaded to their rated load. While in a loaded state, the

photovoltaic i

nput to the charge controller is to be short-circuited.

80.2.2 The photovoltaic array connections of a charge controller are to be connected to a dc supply and
the rated load (output). While in a loaded state, the output of the charge controller is to be short-circuited.
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80.3 Charge controller miswiring

80.3.1 A charge controller is to be connected to its rated photovoltaic source or simulated photovoltaic
source and battery as noted in Table 80.1. The connection order and polarity shall be as noted in the
Table. When connecting the second supply source, battery or array, it is to be connected through a
relaying device, such that the first source is already energized prior to the second source.

Exception: Those tests which limit the connection sequence do not apply to a charge controller which is
marked in accordance with 81.1. For example, when a controller is marked in accordance with 81.1
indicating to connect array first, tests A, C, D, and E are not required to be performed.

Table 80.1
Connection Order and Polarity
Lead to be Lead to be Supply to be Lead to be Lead to be
Supply to be connected to connected to connectef:l connected to connected to
connected positive negative second® via positive negative
Test conditioh first terminal terminal relay terminal terminal
Battery + - Array + -
B Array + - Battery. + -
C Battery - + No<onnection
D Battery - + Array + -
E Battery - + Array - +
F Array - + No connection
G Array - + Battery + -
H Array - + Battery - +
& When connegting the second supply source, battery or-array, it is to be connected through a relaying device, suchthat the first
source is already energized prior to the second source:

80.3.2 Whgn a simulated array source is used, a reverse-biased diode shall be placed acrgss the supply
to simulate the possible activation:of an array bypass diode.

80.3.3 As g result of the tést for charge controllers which have load control terminals, therge shall not be
reverse polafity voltage present on the terminals or current unless condition A of Table 80.1 occurs.

80.3.4 Duripng thetest, no additional external overcurrent protection is to be in the test circuif.

80.4 Low-\oltage disconnect

80.4.1 When tested as described in 80.4.2, a charge controller shall operate in a stable, controlled
manner over all ranges of charge and discharge of a battery load.

80.4.2 A charge controller with a low-voltage disconnect is to be connected to a source providing the
charge controller's rated input, a battery or simulated battery load, and a rated load. The battery source is
to be adjusted to 25 percent, 50 percent, 75 percent, and 100 percent of the rated battery voltage. The
load is to be adjusted so that the charge controller cycles in accordance with the charge controller design
from battery charge to battery discharge state. Adjustable charge set-points are to be set to their closest
tolerance so that the charge controller cycles during the battery charge.

MARKING
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81 Cautionary Markings

81.1

marked "CAUTION: Risk of fire and shock, connect

A charge controller which requires a specific connection method in accordance with 80.3.1 shall be

terminals” indicating the battery or array terminals as appropriate.

82 Details

82.1

Markings, Section 67.

terminals prior to the connection of

A charge controller shall be marked in accordance with Details, Section 66, and Cautionary

82.2 Achar
be marked t
controller is in

82.3 A chan
service perso

82.4 A char
Internal Temg
OF FIRE, MQ

82.5 A cha
protective de
Adc."

83 Importa

83.1 The in

conductor or the terminal to be used as the grounded conductor in grounded circuits.

83.2 The in
which the chg

83.3 A cha
installation in

size range in

83.4 The in

4 Ll H Y el t o + tallaal o Ll H 'y + of oot | P
JC CUTIUUINCT TTTICTITUCTU U VT o diicu 1ninm uirc VVIIIIIH CUITiparuaricrit vl a privtuvuitdiv
b identify the manufacturer and model number of the photovoltaic module
tended to be installed.

ge controller with a temperature compensating set-point that is intended to bg
hnel shall be marked with set-point details.

erature Compensation. RISK OF FIRE, USE WITHIN m (ft) of BATTERI
UNT IN CONTACT WITH BATTERIES."

ge controller shall be marked with the minimum interrupting rating of the
ice to be used for short-circuit protection. For'example, "Minimum interrupting

nt Safety Instructions

stallation instructions shall identify the conductor or the terminal described in

stallation instructions shall specify the type and chemical composition of the
rge controller is inténded to be used [see 69.4(1)].

ge controller. intended for field installation shall be provided with a wiring
structions/that specify the method of installation including the connection met
hccordance with Article 690 of the National Electrical Code, NFPA 70.

module shall
n which the

adjusted by

e controller with an internal temperature compensating means shall be marked "CAUTION:

ES" or "RISK

overcurrent

ating

73.1 as the

battery with

diagram or
hod and wire

compartment
module.

stallation instructions for a charge controller intended to be installed iT

the wiring
photovoltaic

83.5 The installation instructions for a charge controller shall describe the maximum overcurrent
protection to be provided in accordance with Article 690 of the National Electrical Code, NFPA 70.

83.6 The installation instructions for a charge controller with an internal temperature compensating
means shall indicate where the controller is to be used with respect to the batteries (See 82.4) and the
risks associated with the improper installation.

83.7 The installation instructions for a charge controller with service personnel adjustable temperature
compensating set-points shall describe the battery chemistry and types for each set point. The instructions
shall detail the risks associated with improper settings.
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AC MODULES AND PV MODULES WITH INTEGRATED ELECTRONICS

INTRODUCTION

84 Genera

84.1

requirements in Sections 6 — 71.

CONSTRUC
85 Genera

85.1 An A(Q
utility-interac

85.2 The H
Standard for
Module Safe
Photovoltaic
electronics
construction
shall provide

Note: UL 61730
functions, be ra
(MST 25), hot-s
testing) and visy

85.3 PV mg
Photovoltaic
requirements

85.4 All components across the:dc input circuit of an AC module or module mounted electr

rated for 125
Sandia Repq
temperature,

85.5 For an
rated for the

TION

The requirements in Sections 85 — 91 supplement and, in some cases, amend the general

module that is capable of utility interactive operation shall comply withrthe red
live inverters in Sections 6 — 71.

\/ panel or module of an AC module or PVIE shall comply with the require
Flat-Plate Photovoltaic Modules and Panels, UL 1703, or thexStandard for Pho
ty Qualification — Part 1: Requirements For Construction,‘UL"61730-1 and the
(PV) Module Safety Qualification — Part 2: Requirements For Testing, UL 61730

requirements in 5.3.10 of UL 61730-1 as well as the'referenced testing in UL 61
power to the protection circuit as would be found\in normal operation of the final

-1, Clause 5.3.10, requires that bypass diodes, and-herein, integrated electronics exhibiting bypasg
led to withstand the current and voltage for their intended use. Compliance is checked by bypass d
pot endurance test (MST 22), bypass diode functionality test (MST 07) (following Sequences A-F
al inspection (MST 01).

dule junction boxes intended to'be secured to the PV laminate shall comply with
Junction Boxes, UL 3730..Enclosures that are not a PV junction box shall be ev
in Sections 6 —71.

percent of the P\V/-module maximum open-circuit voltage or the voltage shall be
rt, SAND2004-3535 December 2004, under the conditions of -40 °C (-40 °H
1000W/m?irradiance, AM1.5 Spectral content, and 1 m/s wind speed.

norphaeus silicate or thin film PV modules, the components across the dc input g
P\/ ‘module open-circuit voltage regardless of the temperature.

uirements for

ments in the
tovoltaic (PV)
Standard for
-2. Integrated

hat provide a PV Module protective bypass diode “functionality, shall comply with the

730- The test
assembly.

diode protective
jode thermal test
sequential stress

Standard for
aluated to the

bnics shall be
derived from
) ambient air

ircuit shall be

85.6 An ac or dc disconnection means shall be rated for disconnection of the electrical load under normal
and foreseeable abnormal conditions for the electronics. A disconnect in the PV circuit shall be rated for
125 percent of the PV module maximum open-circuit voltage or the voltage shall be derived from Sandia
Report, SAND2004-3535 December 2004, under the conditions of -40 °C (-40 °F) ambient air
temperature, 1000W/m? irradiance, AM1.5 Spectral content, and 1 m/s wind speed. PV connectors are
typically not rated for disconnection under load at rated voltage, they may be evaluated for disconnect
functionality at the reduced voltage of a single PV module.

85.7 Polymeric materials excluding materials serving as a PV module encapsulant shall have a relative
thermal index in accordance with the Standard for Polymeric Materials — Long Term Property Evaluations,
UL 746B, not less than the temperature measured during the normal temperature test and not less than
90 °C (194 °F).
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85.8 Connectors employed external to the module shall comply with the material and conditioning
requirements in the Standard for Connectors for Use in Photovoltaic Systems, UL 6703, and connectors
shall not be of a NEMA configuration used in other power systems. NEMA connectors configured
specifically for use in PV or energy storage systems are permitted.

85.9 Wire harnesses shall comply with the Outline for Distributed Generation Wiring Harnesses, UL
9703.

85.10 Equipment grounding for a dc input circuit specified in 20.1.2 is not required for an AC module or

PVIE.

85.11
surfaces sha
Clamping/Re
UL 2703, Seg
in Section 87

85.12 A gag
requirements

85.13 Ifacq
those limits d
requirements
Employing S
General Req
for Software i

85.14 PVIE
current rating

"

I comply W|th Sectlon 88 and the Standard for Mountlng Systems MoUht
ention Devices, and Ground Lugs for Use with Flat-Plate Photovoltaic Modules
tion 18, Humidity Test. This testing may be combined with the performance testi
when required.

conductive
ng Devices,
and Panels,
ng described

ket provided as part of the protective housing used on an enclosure shall comply with the

in the Standard for Photovoltaic Junction Boxes, UL 3730.

ntrol circuit is relied on to maintain downstream voltage/or current within specifi
etermine the output ratings of the converter, the gontrol(s) shall comply with t
in Sections 43 and 48, and with the Standard for Tests for Safety-Rel
lid-State Devices, UL 991, or with the Standard for Automatic Electrical Cont
irements, UL 60730-1. If software is involved;in the control, it shall comply with
N Programmable Components, UL 1998, erwith UL 60730-1.

and AC modules with input current rating, output current rating or electron
greater than the PV module fusgjrating shall be tested in accordance with the

Photovoltaic

Test for Equigotential Bonding (MST13)and Reverse Current Overload (MST 26) at the highe

85.15 An

conductors and connectors maybe repairable in the field if that repair has been determined t

by the origin
repaired in th

a) An
microi
having

PV) Module Safety Qualification™— Part 2: Requirements For Testing, UL 61730

C module that consists of a separate microinverter connected to a PV

bl manufacturer or the manufacturer of a suitable retrofit kit. An AC module
b field by replaeing the microinverter or the PV module shall comply with the follg

y mechahnical device, threaded or unthreaded, that is used to electrical
hverterto the PV module shall comply with the grounding impedance test of Se
been removed and reinstalled five (5) times. Bonding shall comply with the req

ed limits, and
e applicable
ed Controls
ols — Part 1:
the Standard

cs backfeed
Standard for
2, Continuity
I current.

module with
b be possible
that can be
wing:

ly bond the
ction 51 after
uirements in

85.11.

b) Any disconnected and exposed (to the environment) connectors attached to the PV module or
the trunk cable or other ac output connector shall comply with 85.8 and be provided with protection
from the deteriorating effects of the environment, when not connected.

¢) Any and all input and output connections shall be accessible in the field and be capable of being
disconnected using the proper tool without opening the microinverter enclosure or the PV module
junction box. Any connectors used or reused shall be mated to connectors from the same
manufacturer and series number (mate-ability shall be maintained). The requirements of 85.8 shall
be met.

d) The manufacturer of the AC module or the manufacturer of the retrofit kit shall identify a suitable
replacement microinverter or PV module and provide appropriate replacement instructions if the
original equipment microinverter or PV module is no longer available. The retrofit kit shall include
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detailed instruction and procedures to perform the retrofit installation, including a list identifying all

critica

PERFORMA

86 General

86.1
shall be in ac

| components.

NCE

cordance with PV Module Mounted Equipment Securement Test, Section 87.

Where electronics are mounted to the PV module with adhesive, the securement to the module

86.2 The Temperature Test, Section 46, is to be conducted as defined in either 86.3 or 86.4 based on the

manufacture
shall be mar}

86.3 Thetg
range betwe
of the AC m
better) contin
simulator pe
module shall
cause the hi

\l H P | H ol 4 ' Tl H tal b 4
o opMCTUINICU TITVITUTTITITTIAln 1Ty Trdturc IaLIIIU. TIC CrvinrormmmeTnar tCirporatul

ed on the product and included in the installation instructions.

en 35 °C (95 °F) and the manufacturer's specified environmental ambient temp
bdule or PVIE + 5 °C (9 °F) with an irradiation of at least 1000w/m? from a d
uous solar simulator in accordance with the Standard for Photovoltaic devices -
formance requirements, IEC 60904-9. The wind speed shall.be 1 m/sec or les
be mounted according to the manufacturers installation instructions in the man
phest heat build-up on the PVIE. The electronics are\fo be electrically loaded

input and ou

86.4 If a

procedure mpy be used:

a) The baseline temperature profile of theimodule with the power converter or g

conn
voltag
therm
shall

b) Us
at T,.

put current or other conditions that result in maximum\heating of the assembly.

ntrolled thermal chamber with a solar simulator is not available for use,

cted is to be determined using the\UL 1703, Section 19, Temperature test g
e or UL 61730-2, MST 21, -maximum electrical load conditions. In ad

De monitored:

1) The electronics localized air ambient below the module, which is likely t
than the ambient air temperature above the module.

2) The integrated electronics’ surface in contact with or closest to the module,
3) Theremaining integrated electronics’ surfaces, T, (average of remaining su

ng.the data collected from (a), the module is to be operated in a controlled the

rating used

mperature test shall be performed in a controlled thermal chamber operating in @ temperature

erature rating
lass CCC (or
Part 9: Solar
s and the PV
ner which will
to maximum

the following

ontrol device
t open circuit
dition to the

ocouple locations identified.in Section 46, the following additional thermocoyple locations

b be different

I-close-

faces).

'mal chamber

[The PV module is to be heated to T Using either:

1) A power supply in the forward bias condition ( + to + and — to — ) with current adjusted to
reach the target T, temperature, or

2) Via the application of an external heating source such as an electrically heated plate or
pad applied adjacent to the electronics. The heating pad shall cover at least four times the
area as the electronics enclosure and be centered over the installed electronics.

¢) The module mounted electronics is to be energized to worst case operating conditions for the
circuit design using an externally controlled power supply to cause the highest heating of the critical
electronic circuit components. This is hormally a maximum output current. Some electronic circuits
may require two separate tests to attain the worst case normal conditions because as some circuits
and components will be subjected to higher temperatures under a low voltage condition while other
circuit components will be subjected to higher temperatures under a high voltage conditions.
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86.5 For units that are not rated for installation in the test ambient, the temperature test data shall be
corrected for the rated installation ambient rating of the unit in accordance with Table 46.3. The measured
temperature is to be corrected by addition (when the test ambient temperature is lower than the rated
ambient temperature) or by subtraction (when the test ambient temperature is higher than the rated
ambient temperature) of the difference between the rated ambient temperature and the test ambient
temperature.

86.6 Electronics for field installation on a module or mounting system with an enclosure rating shall be

evaluated and found compliant with the requirements and testing for that enclosure rating.

87 PV Module Mounted Equipment Securement Test

87.1 Equipn
Standard for

2. During the
Voltage-Withs

Exception N9
UV Test (MS]

Exception Nd

87.2 Inaddi
in:
a) Exg
b) Sef
c) Fra
88 Module
88.1 Equipn

surfaces shal

88.2 Equipn
the accessibl
Path Resista

nent secured to a PV module with adhesive shall comply with Sequence C jin R
Photovoltaic (PV) Module Safety Qualification — Part 2: Requirements For Testin
MST 16 testing of Sequence C, the electronics may alternatively be tested with
tand Test, Section 47, in place of the Sequence C Insulation Test.

. 1: Connection means that do not include polymeric materials need not be sul
[ 54) if in the intended installation configuration, the adhesivewill not be exposec

tion to the compliance criteria defined in the referenced tests for 87.1, the test s

osure of live parts,
aration of the enclosure from the-substrate or superstrate, or

cturing of the enclosure, substrate, or superstrate.

to Electronics Bonding

comply withthis Section.

nent bonding between the PV module equipment grounding conductor terminal
b conductive surfaces of AC modules and PVIE shall comply with the Section
hce) Test of the Standard for Mounting Systems, Mounting Devices, Clamp

gure 1 of the
g, UL 61730-
the Dielectric

jected to the
| to sunlight.

. 2: The applied force shall be the greater of 156 N\(35 Ibf) or 4 times the weight of the
complete moglule mounted electronics assembly.

nall not result

nent bonding between the PV modules and electronics having accessible conductive

or lead and
13, Bonding
ng/Retention

Devices, and

“Groundtugs for Use with Ftat-Ptate Photovottaic Modutesand Panets, 027

preconditioning with the Section 18, Humidity Test.

03, following

Exception: The test sample from the testing in 87.1 may be used without the Section 18, Humidity Test
preconditioning.

88.3 If multiple smaller diameter grounding conductors are used to provide the necessary cross-
sectional area for an equipment ground or bond for circuits or equipment with higher fault currents, the
combination of smaller conductors shall be evaluated and tested using one fewer than the minimum
number required / rated by the manufacturer. Example — If a system is rated such that at least 5
microinverters on a string harness of microinverters is suitable to provide a grounding / bonding path for a
mounting rack of PV modules the wire size and test current shall be based upon the use of 4
microinverters to account for one being removed from service.
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RATING
89 General

89.1 AC module inverters and other module mounted electronics that are provided integral to the PV
modules are not required to be provided with the dc input ratings specified in items (a) — (e) in Table 65.1.

89.2 A PV module with module mounted electronics that do not perform power conversion, voltage
and/or current regulation shall provide the ratings required by the Standard for Flat-Plate Photovoltaic
Modules and Panels, UL 1703, or the Standard for Photovoltaic (PV) Module Safety Qualification — Part 1:
Requirements For Construction, UL 61730-1. The operating parameters which are controlled by the
integrated device-shallbe. r\lngrl\l stated with. ellprr\nrhng information. One nvgmnln ofsuch nroduct isa PV

module with fapid shutdown onIy functionality.

89.3 PVIE fhat have an ac output voltage that are not intended for direct connectionito the| EPS shall be
provided with the applicable ratings and marking for an inverter as defined in Section'65.

MARKING
90 Details

90.1 AC m¢dules and other module mounted electronics shall’lbe marked with the maximdym number of
series and o1 parallel connected units to which it is intended to.be connected.

90.2 AC mgdules and PVIE shall be marked with the ratings required in Section 89.

90.3 An AC module or other PVIE that requireovercurrent protection in the final installation shall be
marked with fhe maximum size overcurrent-protection to which it is to be connected.

90.4 PVIE that do not include GFDI protection, other than AC modules, shall be marked in accordance
with 69.4(S).

90.5 Other|markings as requited by this standard shall be applied for the product and or [function. See
Sections 66 and 67 for additional information.

90.6 A PVIE shall beimarked as follows:

a) AQ modute shall be marked with "AC module"

FCTRONICS"

and "REFER TO INSTALLATION INSTRUCTIONS" or the ISO 7000-1641 symbol

90.7 An AC module, PVIE or other device provided with input or output cables or a trunk cable that has
conductors with stranding finer than Class B or Class C (typically 19 strands for 14-2 AWG conductors)
shall include the following statement, or equivalent, in the instruction manual: “The input, output or trunk
cable supplied with this AC module, PVIE or other device has fine stranded, flexible conductors and if
unterminated or if any factory-installed connectors have been removed, shall only be terminated using
connections that have been rated for use with such conductors.”

90.8 An AC module not evaluated for field repair shall have the word “WARNING” and the following
statement, or equivalent, marked on the microinverter and the PV module in a conspicuous location: “Risk
of Electric Shock. This AC module has not been evaluated for field repair.”
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91 Important Safety Instructions

91.1 The important safety instructions shall include a statement(s) indicating the applicable information
in Sections 89 and 90.

91.2 An AC module that has been evaluated as suitable for field repair shall have the following
information in the instruction manual.

a) Instructions for removing and replacing the microinverter or the PV module, as required,
including opening the circuit breaker on the dedicated ac output circuit.

b) Instructions for protecting any disconnected and exposed (to the environment) dc and ac
connegtors.

er of the AC
cturer of any
for installing

c) Wh
modul
retrofif
that r¢

ere an identical microinverter or PV module is not available, the manufactur
e, the manufacturer of the original microinverter or PV module, or the manufa
kit, shall be queried as to a suitable replacement and for proper, instructions
placement.

NG” and the

91.3 AnAC
following stat
has not been

91.4 Theim

RAPID SHUT

module that has not been evaluated for field repair shall have‘the word “WARN
ement, or equivalent, in the instruction manual: “Risk of Electric Shock. This A
evaluated for field repair.”

portant safety instructions shall include the instructions required by 69.4(U).

DOWN EQUIPMENT AND SYSTEMS

C PV module

INTRODUCT|ON
92 General

921 There
requirements

uirements in Sections 92jthrough 102 supplement and, in some cases, amend the general

in Sections 6 through 71.

92.2 The pyrpose of Sections’92 through 102 are to define requirements for PVRSE and PVRSS to
reduce the lgvel of electric, shock and energy hazards for emergency responders working around PV
arrays. Thesg sectionsapply to the NEC 690.12 requirements addressing controlled conductgrs outside of
the array. Products may perform rapid shutdown functions from within the array.

Note: NFPA 70, the National Electrical Code (NEC), Section 690.12, requires that all conductors leaving the PV ar

y be controlled
when a rapid shitdewrinitiation-devieeis-eperates: rla

92.3 These requirements evaluate controlled conductors that may have a connection to ac circuits, such
as inverter output circuits.

92.4 These controlled circuits are not required to be completely isolated as may be required for various
electrical maintenance activities. The functional safety aspects of PVRSE and/or PVRSS are different from
those for other electrical circuits.

92.5 The PVRSE and PVRSS shall comply with the functional safety points as follows:

a) Loss of control signal results in the PV system conductors being in a controlled state.
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b) A complete loss of control power results in the PV system conductors being in a controlled state
— multiple power sources may back up the primary power source, but when all power sources are
removed, the PV system conductors shall revert to a controlled state.

c) PVRSS and PVRSE that relies on electronic control to initiate rapid shutdown shall be tested to
the functional safety requirements of Section 97.

d) Attenuation devices shall be evaluated for the loss of continuity of any input or output connection
(including the circuit being controlled).

92.6 For all components used as part of a PVRSS, the installation and configuration of this PVRSE
identified as part of a PVRSS shall be consistent with and be capable of being integrated into a complete
PVRSS.

CONSTRUCITION

93 Protectjon of Emergency Personnel

93.1 The requirements in this Section apply to PVRSE and PVRSS intended to reduce hazards from
electric shock and energy hazards to emergency personnel or first responders, who may nged to work in
the vicinity of a PV system.

93.2 A PVRSS shall maintain controlled conductors at a limit of.not more than 30 Vdc, 8A (for dc circuits)
or 15 Vac, (for ac circuits) within the time limit specifiedyin the ratings. Both ac and dc circuits are
required to ot exceed 240 VA (volt-amperes) in the controlled state. PVRSE are evaluated to perform
specific funcfions within PVRSS as defined by their specified functions and ratings.

Note: The 15 V3ac (rms) voltage limit is in compliance with UL(1741 Limits for protection against electric shock in Wet locations. The
240 VA limit is the UL 1741 defined threshold for reduced-risk from electrical energy. The 240 VA limit applies t¢ both ac and dc
circuits.

93.3 An unjnsulated live part involving a risk of electric shock or electrical energy at high [current levels
shall be located, guarded, or enclosed’to protect against unintentional contact by personne| who may be
called on to gctivate the initiating device while the equipment is energized.

93.4 A complete system that/performs PVRSS functionality shall:
a) Indude at least-one initiator as defined in 2.2.4,

b) Belmarked as described in 101.1, and

) Hy 4 ' H [ 400 4 o 4l H den i : 4 '
C) In(; Ul uic normiaturrTeyuincu ir TUZ. T T UIe Tistalidtiuurnt mastrutliurts.

93.5 Components used in PVRSS and PVRSE shall comply with the applicable requirements for that
component. If the component relies on electronic control, the component shall be tested to the applicable
requirements for functional safety in Sections 97 and 99.

93.6 PVRSS and PVRSE with electronic controls shall comply with one of, or a combination of the
functional safety based approaches described in Section 97 as necessary to evaluate the intended
functionality of the PVRSS.

93.7 Mechanical and electro-mechanical PVRSE devices used to control ac or dc conductors in
accordance with 93.2 shall comply with the requirements in 97.1.3, the environmental stress testing in
Section 99, and shall be evaluated to the applicable requirements of at least one of the following standards
based on the application and standard’s scope:
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a) The Standard for Industrial Control Equipment, UL 508,
b) The Outline of Investigation for Manual Disconnect Switches Intended for Use in Photovoltaic
Systems, UL 508,
¢) The Standard for Enclosed and Dead-Front Switches, UL 98,
d) The Outline of Investigation for Open-Type Switches, UL 98A,
e) The Outline of Investigation for Enclosed and Dead-Front Switches for Use in Photovoltaic
Systems, UL 98B,
f) The Standard for Molded-Case Circuit Breakers, Molded-Case Switches and Circuit-Breaker
Enclogures, UL 489,
g) Theg Standard for Circuit Breakers For Use in Communications Equipment, Uk'4894, or
h) Th¢ Outline of Investigation for Molded-Case Circuit Breakers, Molded-Case Spwitches, and
Circuil-Breaker Enclosures For Use With Photovoltaic (PV) Systems, UL489B.
PVRSE that gre also intended to perform a system or equipment disconneet function shall comply with the
applicable disconnect requirements in Section 15 and in the standards specified in this [requirement,
excluding UL[508.
93.8 A PVRSSS that includes and relies upon multiple distributed switching devices or equipment that are
intended to gperate as a group to perform PVRSS function shall be evaluated considering|the effect of
individual eqyipment failures with respect to the overallsystem functionality and operation. The evaluation
shall include, [but not be limited to:
a) The possibility that failure of one compornent to operate may cause operational failures in other
system equipment or components,
b) The worst case configuration:(€.g. maximum number of switching elements allowe¢d per power
supply),
c) The effects of conducted' or radiated EMI on electronic controls as part of a fungtional safety
evalugtion required by-Section 97, and
d) Enyironmental.effeécts on switch transition timing.

Note: An exampl

b of these dévices would be contactors in multiple distributed dc combiner boxes.

93.9 Failure

s as noted in 93 8 shall he assessed rlllring tpeting of ch’rpmc, as to their imr

act upon the

ability of the overall system to operate as intended. If a failure of a single piece of PVRSE with electronic
controls results in failure of the remaining portions of the system to isolate or attenuate controlled
conductors, or results in additional system equipment becoming disabled, the failure mode involved shall

be evaluated

using functional safety requirements as described in Section 97.

93.10 Functional self-test requirements:

a) A PVRSS shall be provided with a means or a method by which correct operation of the product
is verified and it may be automatic through a manual initiator.

b) A PVRSS self-test function used to monitor and mitigate the failure of critical components shall

be aut

omatic and comply with 97.1.9.
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93.11 PVRSE [inverter(s), converter(s) and other device(s)] that are rated to provide PVRSS functionality
shall be evaluated to the applicable requirements in this standard and, if applicable, all individual PVRSE
input and output circuits shall be evaluated to the applicable requirements in Section 98. PVRSE within a
PVRSS with interaction between inputs and outputs of a single PVRSE shall be evaluated in all possible
operating modes.

93.12 PVRSE rated as a component of a PVRSS or that provide a complete PVRSS function shall be
marked according to Section 101 and instructions provided according to Section 102.

93.13 PVRSS that incorporate voltage sensitive devices that may change state with system voltage
changes, such as, but not limited to, semiconductor switches and mechanical contactors, shall comply

with Section

98, considering conditions in Section 97.2 and the functional safety evaluation i

Section 99.

93.14 For H
a series con
current for th

Exception N
individual se
used if the dé

Exception N
reliable or a
considering ¢

The sum of the individual voltage ratings for the switches used in any system shall be equa

than the rate

93.15 PVR
Sections 85 -

Exception: D
requirements

93.16 Upor
functionality
Section 98.1
loss of the bz

PVRSS that incorporate multiple distributed switching devices intended tooperg
igurations, the individual switching devices shall be rated for interruption-of th
e PVRSS function they perform, (i.e. string current at the maximum system volta

. 1: Systems provided with a means (such as “soft start” or'soft stop” contrg
[ies switching device operation (e.g. “hard” switching) outside.of their electrical r
bvices are maintained within their ratings during use.

p. 2: Devices that are not rated for the maximum)'system voltage and currer
lequate means to prevent asynchronous or “hard™ switching shall comply wit
onditions in Section 97.2 and the functional safety evaluation in Section 99.

 maximum system voltage regardless of testing or other protective means provi

that is intended for mounting on PV modules shall comply with the re

S
- 91, which apply to the attachment and evaluation of inverters used on PV mod

E
91

evices that are not designed for connection to ac line circuits are not required t
that are specific to.that usage.

loss of control power, a PVRSS shall either continue to operate norn
pr it shall igitiate a shutdown by placing the conductors in a controlled state ¢
A PVRSS.that makes use of backup or stored power to operate shall initiate sk
ckup.power supply.

te together in
e voltage and

ge).
Is) to prevent

htings may be

t, and lack a
h Section 98,

to or greater
ded.

uirements in
les.

b comply with
ally with full

bmplying with
utdown upon

9317 A P

/RSS that relies upon electronic fllnr"ﬁan, lows \/nlfagn Ingir\ r\irmlifry’

or wireless

communication for the initiation of PVRSS functions shall comply with the appropriate PVRSS Radiated
EMI test as outlined in Section 99.

Exception: Individual equipment and or components that do not incorporate electronic functions, low
voltage logic circuitry, or wireless communication are not required to comply with this test, except insofar
as exposure to EMI may interfere with system operations via interconnections with other system
equipment and components.

93.18 PVRSS, PVRSE or
accordance with Section 34A.

PVIE shall be evaluated to PV DC arc-fault protection functionality in

93.19 PVRSS that uses an attenuation device(s) to control conductors shall maintain compliance with
93.2 while applying conditions in 92.5 and Section 97. The installation instructions shall include the
required location of attenuation device(s) in the circuit if this is not inherent to the design.
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93.20 PVRSE and PVRSS shall be rated and evaluated for compliance in accordance with Table 93.1
based upon their intended application and installation location.

Table 93.1
PVRSS Rated Location Based Environmental Requirements

Rating

requirements

Environmental conditions per the manufacturer’s specifications, subject to the following

Roof top (part of
the PV module
assembly or
mounted less

than 1/2 inch

Indoor, |nd°or, from the module
Outdoor unconditioned® conditioned substrate)® Roof top
Pollution degreg? Min. PD3 Min. PD3 Min. PD2 Min. PD3 Min.|PD3
Wet location Yes No No Yes Yes
Rated Ambient -40°Cto+50°Cor | -40°Cto+50°Cor | 0°Cto+40°Cor -40 °C to +50 °C or | -40 1C to +50 °C or
Temperature manufacturer manufacturer manufacturer manufacturer manpfacturer
Range® specified specified specified specified spegified
Air: Larger of,
-40 °C to +65 °C,
H d
Same as Rated Same as Rated Same as Rated (())r R:\t/eg /-:)mtbleinF. Sarrje as Rated
Equipment test Ambient Ambient Ambient N n f“ :or? ce Amtlient
temperature rafge’ | Temperature Temperature Temperature +2rsgfé° - to Temperature
Range Range Range or Range
manufacturer
specified using
formula in note ¢
Relative humidify 4 % to 100 % 5 % t0 95 % (Non 5 % to 85 % (Non 4 % to 100 % 4 %o 100 %
range (Condensing) (Non condensing) (Non condensing) (Condensing) (Corndensing)
UV exposure Required Not Required Not Required Required Reqpired
Min. Type 3R or Min. Type 1 or : Min. Type 4X or Min.|Type 3R or
Ingress protection P34 1920 Min Type 1 or IP20 P65 P3d.

@ Describes the|environment around the equipment with respect to moisture (such as rain or condensation) and con
Equipment enclosure designs may allow-fora reduction in pollution degree level applied to the internal circuit being
Pollution degre¢ levels are defined in(UL 840.

b Manufacturer’s specified rated ambient range shall be clearly identified in the installation instructions with the inten

AHJ will deternfine suitability. $he\temperature range for a geographic region shall be the Extreme Annual Mean Mifiimum Design

Dry Bulb Tempgrature for the/minimum design temperature and the 2 % high design temperature for the maximum g

temperature. T

ese valués are found in the ASHRAE Handbook — Fundamentals, 2017 available online at

https://www.asljrae.org/resources—publications/handbook/2017-ashrae-handbook-fundamentals.

¢ These spaces|providé environmental protection and may not provide protection from cold ambient and may also rg

increased high

d Conditions stated are based on the PVRSE mounted behind the PV module and subjected to heat from the substrate and air
temperature between the module and mounting surface. The specified air temperature assumes the module is mounted off the
roof with no obstruction, which results in a 15 °C difference between the rated ambient air (per note b) and air behind the module.

ient,

aminates.
Pvaluated.

tion that the

esign

sultin an

The module substrate temperature can be determined by the formula:

Teer= Tamp+ 1200/800 « (NOCT — 20)

where T, is the rated ambient air temperature per note b.

Note: NOCT is determined at 800W/m? at an ambient temperature of 20 °C. The above adjusts this for more
realistic worst-case irradiance to ensure maximum temperatures.

Air temperatures behind the module and substrate temperatures will be higher for other systems that are
enclosed, built in or have other obstructions that restrict natural air movement under the array. Additional
testing and evaluation of the design will be necessary to determine substrate and behind the module air

temperatures for these systems.

Table 93.1 Continued on Next Page
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Table 93.1 Continued
Environmental conditions per the manufacturer’s specifications, subject to the following
Rating requirements

Roof top (part of
the PV module
assembly or
mounted less
than 1/2 inch
from the module
substrate)®

Indoor,
unconditioned®

Indoor,
conditioned

Outdoor

Roof top

the requireme
and conditions|
module. For P
geographic log

fUnless othery
row. The functi

Section 99 sh4ll be at room temperature unless specified otherwise.

¢ The 1/2 inch distance, as measured from the module substrate to the closest point on the PVRSE housing exclusive of any
mounting feet or standoff's, is soIer used to determine the enwronmental reqwrements for PVRSE testlng and does not address

of use to address concerns |nclud|ng but not limited to electrlcal mechanlcal and enwronmental imp
RSE mounted behind the PV module or array (> 1/2 inch), the ambient rating may need to be.highe|
ation ratings.

ise specified, PVRSS/PVRSE test procedures in Section 98 shall be performed at the temperatures|
pnal safety evaluation in Section 97 shall consider effects of both cold and high temperatures. Tests

e-fequirements
act on the PV
I than the

stated in this
kpecified in

94 Electrigal Isolation Systems (EIS)

941 PVRS
or electronic|
frequency (H
interfere with

Exception: FH
protection fu
shall be wa
functionality

95 Initiator

95.1  Aninit

a) Th
HONH
accor

b) TH

E that uses contactors or relays for isolation of controlled conductors shall con

F) signature of arcs created when those contacts switch and shall be eva
the PV DC arc-fault protection functionality in accordance with Section 34A.

pr those systems that combine PVRSS/PVRSE and PVIE functionality and PV
nctionality in a single piece of equipment, the requirement to supply arc suppre,
ived when the PVRSS/PVRSE. function is tested with the PV DC arc-fa
bnabled. The criteria shall be thatthe PV DC arc-fault protection functionality do

S

iator for PVRSS fungctions shall be clearly identifiable for the function it performs

b position of the-initiators shall indicate the functional status of the controlled cq
or OFF” ~AAn*“OFF” status indicates controlled conductors are in the contrg
dance with*93.2.

e \manually operable initiator shall require manual resetting, using a res

tain electrical

arc suppression devices on any contacts to mirimize the radiated and copducted radio

luated to not

DC arc-fault
ssion devices
Lt protection
Ps not trip.

nductors, i.e.
lled state, in

et device or

manif

ulation of the initiator

¢) An input designed to receive an external initiation signal from emergency devices, such as fire
alarm systems, shall require manual resetting. An external initiation signal, that may initiate
shutdown due to other non PVRSS conditions such as inverter shutdowns due to grid fault or loss
shall be permitted to automatically reset.

d) Where the PVRSS is capable of accepting initiation inputs from multiple manual or external
initiation devices (e.g. fire alarm), the initiation system shall have those devices or inputs
connected in such a manner that activation of any one of the devices or inputs will result in initiating
the PVRSS.

e) If a status indicator light is provided, it shall indicate not later than specified response time from
itiation of the rapid shutdown and only after the PVRSS function properly occurs.

the in
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96 PVRSS that Includes Disconnect Functionality

96.1

described in 93.7 shall comply with the additional following requirements:

PVRSS that includes PVRSE that will also be evaluated as a system or equipment disconnect

a) The PVRSE shall have a means for remote control by an initiator and the switching device shall
comply with requirements for an electrically tripped or power operable disconnect device from one
of the standards listed in 93.7.

b) The manual switching device shall allow disconnection by either manual operation or by initiator.

¢) The manual switching device shall not allow manual closure (connection) while the initiator is

activa

d) The

i <l 4 l ol 4l + Heo el tato)
CU({LUTTUULIUTS p1IaCTU T UTC CUTTIUNUNTU S1latc’).

manual switching device shall be able to determine the status of the initiato

Failur¢ mode analysis and functional safety evaluation shall result in the switching

discorn

e) The
sectio

nected (conductors placed in the controlled state) due to loss of initiatorstatus.

combination PVRSE or PVRSS and the disconnect function shall*comply with
ns for PVRSE and PVRSS in this standard, including environmental stress testi
the me¢chanical devices.

97 PVRSS and PVRSE Functional Safety

97.1

97.1.1 PVR
to arisk asse

97.1.2 Stan
the PVRSE a

General

5S or PVRSE that use electronic controlsicommunication and/or firmware shall
ssment for functional safety.

Hards listed in Table 97.1 shall be used along with the requirements in Section 9
hd if evaluating an entire PVRSS; each PVRSE of the PVRSS.

Table 97.1
Functional Safety Standards

at all times.
device being

all applicable
ng applied to

be subjected

O to evaluate

PVRSE using &

PVRSE using fi

ectronic device$

rmware/software

Standard for Safety for Tests for Safety-Related Controls Employing Solid-St
UL 991. Critical components evaluated using the Computational Investigatior
have predicted failure rates equivalent or better than IEC 61508 SIL 2 or ISO

Standard for Software in programmable components and or equipment, UL 1
shall be used in conjunction with Functional Safety standards, such as UL 99

hte Devices,
method shall
13849-1 PL d.

098. UL 1998
[, to also

evaluate discrete component hardware and non-programmable IC’s.

Alternate standards that may be used in place of UL 1998 and UL 991 for evaluating PVRSE risk and functional safety. The
environmental stress testing in Section 99 is based on UL 991 with modifications made to the test procedure to represent both dc
and ac equipment used in a PV RSS environment. If other standards are used, the environmental stress testing as described in
Section 99 shall be applied in addition to the requirements of the other standards. If tests in the other standards are similar to
those prescribed in Section 99, the more severe criteria of both standards shall be applied.

Automatic Electrical Controls — Part 1: General requirements, UL 60730-1. PVRSE shall

comply with Control Class B as a minimum.

+ Functional Safety of Electrical/Electronic/Programmable Electronic Safety Related

Systems, IEC 61508. PVRSE shall comply with a minimum of SIL 2.

« Safety of Machinery — Functional Safety of Safety-Related Electrical, Electronic and

Programmable Electronic Control Systems, IEC 62061. PVRSE evaluated to
shall comply with a minimum of SIL CL 2.

« Safety of Machinery — Safety-Related Parts of Control Systems — Part 1: General
Principles for Design, ISO 13849-1. PVRSE shall comply with a minimum of PL d.

this standard
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97.1.3 All PVRSE, including mechanical devices, shall consider conditions noted in Section 97.2 and
environmental stress testing in Section 99.

97.1.4 The rapid shutdown function of the PVRSS or PVRSE shall not be affected by the appropriate
environmental stresses described in Table 99.1. Verification of function may be required during and/or
after the applicable environmental stress tests.

97.1.5 An entire PVRSS can be evaluated as a combination. Each device within the PVRSS that uses
electronic controls, communications and/or firmware to perform its rapid shutdown function shall be

evaluated. The markings and instructions shall identify all the devices to be interconnected.

97.1.6 PVR

evaluation ar

97.1.7 Dev
failure mode

97.1.8 Dev
assessment
standards lis

Exception: A
independent

97.1.9 Any
intended fun
identified as
equivalent fu
the failure of

ons.

d explained in the manufacturer’s instructi

ces using electronic controls for the rapid shutdown function under evaluation
and effect analysis (FMEA) performed as described in the standardslisted in Tal

ces that also use firmware/software for the PVRSS and PVRSE function shall
considering the interaction of the firmware and circuit as ‘performed in UL 1
ed in Table 97.1. The software/firmware version shall be ¢ontrolled.

s defined by UL 1998, or other standards listed”in Table 97.1, firmwarg
from and segregated from the rapid shutdown functionality need not be evaluate

single point component failure (short or~gpen) that causes the device not
ction or does not cause the PVRSS to lock into the controlled conductor n
h critical component. Critical components shall be evaluated in accordance with
nctional safety standard listed in Table 97.1. If the PVRSS has a self-test syst
a critical component, then the epération of a self-test system shall be verified K

faults implemented to simulate failure of\éach of the system elements covered by the sel

Under each

fault condition 10 test cycles of operation shall be conducted. The self-test

recognize th¢ fault or failure and it shallinitiate a shutdown as described in Section 98.1.

97.1.10 InVv

erters or other devices that have not been evaluated as part of a PVRSS 3

separate PV
safety evalu

RSE for controlling conductors connected to input or output ports, do not requir
tion if theysare not performing PVRSS functions (such as but not limited to s

storage deviges like.capacitors, having no interactions in the PVRSS functions). Such de
tested to verjfy that.centrolled input and output ports comply with 93.2 limits when the exte
removed as fested,in Section 98.

onsidered in the

shall have a
ble 97.1.

include a risk
998 or other

or software
a.

o perform its
ode shall be
UL 991 or the
em to identify
y testing with
[-test system.
system shall

nd rely on a
e a functional
imple energy
ices shall be
rnal source is

Exception: Verification of dc levels is not required when the manufacturer’s instructions state, in
accordance with 102.6, that the inverter be placed in a location where the PV input conductors are not
required to be controlled.

97.2 Conditions to be addressed for a PVRSS/PVRSE

97.2.1

A functional safety evaluation shall address the following:

a) Stated and intended functionality of the product.

1) Only PVRSS related functions and systems need to meet functional safety
as stated in this standard.

requirements
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2) Auxiliary equipment and functions which may be provided with a PVRSS/PVRSE but
which are unrelated to the PVRSS functions being provided, are only required to be

evaluated for functional safety insofar as they interact or interfere with
functions.

the PVRSS

b) Effects of system or device failure, inaction, improper installation and component failures, such

as:

1) Single point failure of components and equipment, including possible isolation/insulation
failures. This may include effects such as, but is not limited to, arcing, which may take place

between power and control circuits during switch operation.

c) Hu
locatid

d) Ext

e) Elg
circuit

f) The
devics

'7) Ground faults

3) Short and open circuits, including the loss of continuity of any input or-Qutplit connection

(including the circuit being controlled).

Note: Short circuits between conductors are unlikely for circuits run in raceways or\with cables ev4
resistance such as TC-ER, ICT-ER, DG cable, UF cable, NM cable or MC cable.

4) Incorrect installation wiring, including transposition of wires where possib
constraints of wire lengths and connector types.

5) Loss of control signal or power

6) Improper sequencing and synchronization of\controls that could result in in
unreliable operation of the switching, isolation;.or attenuation components or eq

Note: Mechanical isolation devices will be tested tothe standards listed in 93.7 considering sho
overload rating and if used to interrupt load. The environmental testing in 93.13 and Section 98|
evaluate the functionality of mechanical devices under extreme conditions that could adversely affg
function. Additionally, the contacts are not-considered to fail closed if also evaluated under abnor
conditions, extremes of the rated opefaling temperature range, and the effect of abnormal tem
function of mechanical devices. Standards listed in 93.7 do not consider higher temperature conditi

midity, water or dust exposure during normal operating conditions based o
n and enclosure protection.

ernal environmental stresses listed in Table 99.1.

ctrical ratings, overvoltage, undervoltage, ride-through as described in Sectio
current,pewer quality as listed in Table 99.1.

interconnection of multiple devices and how distance between devices or th
ssimpacts the result of environmental stresses listed in Table 99.1.

luated for crush

e, subject to

consistent or
juipment.

It circuit current,
are intended to
ct their ability to
nal temperature
perature on the
ons.

n installation

h 98.3, short

e number of

PERFORMANCE

98 General

98.1

98.1.1

Operational tests for PVRSS/PVRSE verification of levels — controlled conductors

The intent of this test is to validate PVRSS/PVRSE functionality and measure the available

voltage, current, and power on controlled conductors at the rated rapid shutdown time limit following a
shutdown or disconnection of a device intended for connection to a PV array with the equipment operating
normally. This test shall be conducted on an unconditioned sample. If the PVRSS/PVRSE is specified for
use with a particular conversion equipment or product family, the test shall be conducted with worst case
representative equipment as specified by the manufacturer.


https://ulnorm.com/api/?name=UL 1741 2023.pdf

MAY 19, 2023 UL 1741 155

Note: Equipment connected to PV systems typically contain capacitors that can keep the circuit conductors energized even after de-
energization of the equipment. Controlled conductors must therefore either be isolated from the equipment, or the capacitors in the
equipment must be actively de-energized to comply with 98.1.2 (a) and (b).

98.1.2 After activation of a PVRSS, the following conditions shall apply:

a) The terminals shall not present voltage greater than 30 Vdc or 15 Vac (rms), measured between
any two conductors and any conductor and ground, after the rated rapid shutdown time limit after
the PVRSS/PVRSE is activated.

Exception: In PVRSS circuits where the voltage is measured at the output side of a device after
humidity conditioning, a measurable voltage in excess of the requirement may be present due to
leakage _current across the isolating or attenuating device. Such devices may be considered to be
in compliance with the stated voltage limit, if the output terminals of the isolation devige can comply
with the Standard for Flat-Plate Photovoltaic Modules and Panels, UL 1703, Section 21, Leakage
Curréent test limits for “Accessible circuit parts” when measured across the terminals gnd from each
termimal to ground. The test shall be conducted within 5 minutes after measuring the non-compliant
voltage level. The limits in UL 1703, Section 21, shall apply to either ac RMS or dc leakage.

b) Ngt more than 240 VA continuous power, and no more than 8:0-A average cufrent shall be
availgble from the terminals being tested when connected to a:load at the rated rapid shutdown
time Ijmit after the initiating event.

1) The load for verification of the 8 A limit shall k@ a’resistor equal to (0.9*cir¢uit voltage)/8
A) 2 %.

2) The load for verification of the 240 VA limit shall be a resistor equal o (0.9*circuit
voltage?/240 VA) 2 %.

c) The “circuit voltage” in the above equation shall be the open circuit voltage present in the circuit
at thI rated rapid shutdown time limit “after the initiation of disconnection. The [oad shall be
conngcted to the circuit at the rated rapid shutdown time limit (+1.0, -0.0 seconds) following
initiatjon of disconnection. The_circuit voltage shall be measured and recorded| prior to and
followling the connection of thé loads. The power measured following connection of fhe load shall
be the average value measured for not less than one second and until no increasg in current is
obsenved. For the purpose of this test, the term continuous shall mean a power gregter than 240
VA that persists for longer than 1.0 second.

98.2 Verifi¢ation testing of PVRSS at rated extremes

98.2.1 Thelfollowing verification tests shall be conducted. If the product provides multiple flinctions, then
all functions phall*be considered to create worst case conditions. The component, product of system shall
be installed ifraccordance withritsinstructions using the Tated-wirefcabte types; powersources and with all
required equipment. It shall be operated and tested to confirm it provides the claimed isolation or
attenuation function as defined in Section 98.1. Additionally, the component, product or system shall be
evaluated for proper operation at its rated electrical extremes and temperature and humidity extremes as

defined by the product ratings as specified in Table 93.1.

a) A device under test (DUT) powered by ac and Grid Support Compatible shall be tested using the
range specified in Section 98.3.

b) A DUT powered by a dc input shall also be tested at the minimum and maximum operating
voltage levels for the controlled circuits as per its ratings.

c) A DUT shall have each type of available control power removed individually and all types
simultaneously, with a result that the DUT shall do one of the following:

1) Continue to operate normally with all critical functions available,
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2) Initiate shutdown, placing Controlled Conductors in a controlled state complying with

Section 98.1.

d) Units that use batteries as a control power source shall be tested using batteries of a type that
can be used in the DUT. Alternatively they may be tested using equipment or batteries that
simulate the necessary conditions.

Note: When selecting a battery source for testing, It shall be considered that similar rated batteries may have actual characteristics
that are different from each other — such as 9V rated rechargeable batteries that can range from 7.2 — 8.4 — 9.6 V, when fully charged,
depending on whether they are 6, 7, or 8 cell types.

For the overvoltage test, batteries shall be used that can exhibit the highest maximum voltage level that will be available
from fully charged commercially available batteries of any type that can be used in the DUT.

For the
mfr spe
operatin
loss, all

Exceptii
that trig

Steps

ove rvoliz

The product i
or has been ¢

indervoltage test, batteries shall be used that can be charged to a voltage of between 88 % and ‘92

g voltage battery shall be used for this test. For batteries that are used to maintain critical fuhctio

pers the warning.

ge test.

5 to remain in the test condition until it shuts down suceessfully, reaches thermal
perated for seven hours, whichever occurs first:JAs a result of the tests, a unit

flame or moltgén metal or become a risk of fire, electric shock; or injury to persons.

98.3 Powern

98.3.1 PVR
sources, are

supply grid support ride through

5S or PVRSE that receive operating power from the ac utility or units that havg
nitiated by a loss of the ac utility.and are controlling PV dc conductors that suf

grid support dtility interactive inverters shall-be evaluated to this section. These PVRSE/PV

identified as ¢

98.3.2 PVR
device or sys
Sections SAY
section. The
Sections SAY

rid support compatible and.fmarked in accordance with 101.4.

5S or PVRSE described in 98.3.1 is tested to Sections SA9 and SA10 to deter
tem does not activate within the ride-through region. The ride through beha
and SA10 and.SRD’s for inverters are not applicable to PVRSS or PVRSE co
only ride threugh behavior for this equipment is that it shall not initiate a rap|

.2 and SA40.5 is to be replaced with the test in 98.3.3 and it is not necessary f

PVRSE to m
is a requirem

i

nitor_magnitudes of the different regions or be tested for accuracy to IEEE 154
nt.ef the equipment to perform its intended rapid shutdown function.

other power sources that provide power in parallel with the battery shall be disconnected, or disabled

bn: For a DUT, which is provided with a low battery warning, the undervoltage test'shall be condy

all be taken to prevent batteries from voltage recovery during the undervoltage test or disch

o of the PVRSS

Cified battery voltage. If the PVRSS specifies the use of multiple batteries (types, technology-or|yvolfage), the lowest

hs during power
for the test.

cted at the level

arge during the

stabilization,
shall not emit

other power
ply power to
RSS shall be

mine that the
Vior noted in
vered by this
d shutdown.
br PVRSS or
7 unless this

The SRD(s) or voltage and frequency ride through limits and times supported by PVRSS/PVRSE shall be
included in the instructions.

Note: The PVRSS ride through functionality may be validated with a specific inverter during the grid support inverter testing in
Sections SA9 and SA10.

98.3.3 PVRSS or PVRSE as described in 98.3.1 shall be capable of performing its intended function
within each of the voltage and frequency regions in Sections SA9 and SA10.

98.3.4 The PVRSS shall be tested at the most severe rated ride through conditions based on the units
PVRSS ratings. If the rated ride through time is less than the PVRSS rapid shutdown time limit, the test
shall verify that the PVRSS activated due to the initiation. The PVRSS or PVRSE shall comply with 93.2.
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98.4 Inverters rated as PVRSE

98.4.1 Utility-Interactive inverters may be rated as PVRSE on the ac output, the PV input or both. The
DUT is to be connected to a PV input source (PV array or PV simulator) and an ac output source (utility or
utility simulator). The ac source shall be at the nominal rated ac voltage +2 % for the DUT and the PV input
voltage shall be at the highest voltage in the peak power tracking range for the DUT. The DUT shall be

exporting power.

a) To be rated on the ac output as PVRSE, the simulated utility ac source shall be disconnected.
The output voltage on the DUT grid terminals shall meet the requirements established by 98.1.2(a)
and be marked in accordance with 101.2.

b) To
and b

98.4.2 Star

a) Th
input/|
sourg

pe Tated on the PV Inputas PVYRSE, the DUT shattcomply Wit both of the folioy

e marked in accordance with 101.2.

1) Both the ac output source and the PV input source shall ,alse’ be
simultaneously. The voltage on the PV input terminals of the. DUT sh
requirements of 98.1.2(a).

2) The ac output source shall be disconnected and simultaneoUsly the PV inpy

ving two tests

disconnected
all meet the

t source shall

be increased to the rated maximum dc voltage of the DUT. After the input tefjminal voltage

has reached the applied input source voltage within &.%;, the voltage of the d
be disconnected. The voltage on the PV input términals shall meet the re
98.1.2(a) after the dc source voltage has been disConnected.

C source shall
juirements of

d-alone or Multimode inverters may be rated-as PVRSE on one or more input/oditputs.

e DUT will be connected to a dc input/output source (battery or battery sim
putput source (utility or utility simulator) and an ac output load/source. If appl
E(s) shall be at the nominal rated. ac voltage for the DUT 12 %. The PV input vo

at the
expo

highest voltage for the DUT. *Each operating mode shall be tested and the
ing rated power in each mode:.

Thosé modes shall correspond-to the capabilities of the DUT and may include, PV ing
to ac tility-interactive input/output, utility-interactive input/output power flow to the dg
PV input power flow to(the protected load input/output, protected load input/output pd

inpu

utput, utility-interactive input/output power flow to the protected load inp

prote¢ted load inputfoutput power flow to the utility-interactive input/output.

To hawve a particular input/output set of terminals on a DUT rated as PVRSE, those t
meet [the. requirements of 98.1.2(a) when all sources or loads are simultaneously
from the DUT.

llator), an ac
cable, the ac
Itage shall be
DUT shall be

ut power flow

input/output,
wer to the dc
it/output and

erminals shall
disconnected

b) DUT complying with these tests for any set of terminals shall be marked according to 101.2 for

those

98.5 Other

98.5.1

terminals.

equipment rated as PVRSE

Charge controllers, dc-to-dc converters, power supplies and other power processing equipment

may be rated as PVRSE on the output, the input or both. The DUT is to be connected to an input source
and an output source or load. The output source shall be at the nominal rated voltage for the DUT +2 %
and the input voltage shall be at the highest voltage in the peak power tracking range for the DUT +2 %.
The DUT shall be operating at maximum rated power £5 %.

a) To be rated on the output as PVRSE, the output source or load shall be disconnected. The
output voltage on the DUT terminals shall meet the requirements established by 98.1.2(a).
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b) To be rated on the input as PVRSE, the DUT shall comply with both of the following two tests.

1) The output source or load is to be disconnected and simultaneously the input source
shall also be disconnected. The voltage on the input terminals of the DUT shall meet the
requirements of 98.1.2(a).

2) The output source is to be disconnected and simultaneously the input source shall
increase to the rated maximum input voltage of the DUT +0/-2 %. After the input terminal
voltage has stabilized at the maximum rated input source voltage +0/-2 % the input source
shall be disconnected. The voltage on the input terminals shall meet the requirements of

98.1.2(a) after the source voltage has been disconnected.

c) Eq

99 Functional Safety Evaluation and Environmental Stress Testing For PVRSS/PVRSE

99.1 A Rap

intended for yise as a part of a PVRSS shall comply with the limits in 93.2 onhits' dc or ac in

terminals upo

Exception: U
1547/IEEE 14

99.2 TheD
voltages if sy

placed in the

Exception: W
required to bg

99.3 Additig

99.4 Equipn
listed in Tablg

995 Them
or PVRSE d
communicatin
condition, the

ipmnnf r\r\mplying with either or hoth tests shall he marked Qr\r\nr'rling to-101.2

d Shutdown System, a Rapid Shutdown System component, or, an inverter

n the loss of control circuit power when tested in accordance with, 99.2.

ility-Interactive or grid support inverters evaluated to Section 50.8, Section 9§
b47.1 comply with this requirement.

T is to be connected to its rated input and output\circuits, and its rated control
pplied separately. The circuit voltages shall be*within 2 % of rated. A single
control system such that it disables the powef’to the PVRSS control circuit.

hen the control circuit is unable to be@isabled under any single fault condition, {
performed.

nal fault testing shall be performed as identified in 97.1.7 through 97.1.9.

nent evaluated to this section shall have the appropriate environmental stress tg
99.1 and the rapidsshutdown function verified.

bthod used to.verify the correct function during a stress condition will depend o
evice being-tested. It can include methods such as: verification of voltag

methods in Section 98 can be used.

99.6 Inverte

or converter
put or output

.4 and IEEE

circuit supply
fault is to be

his test is not

st applied as

h the PVRSS
e levels, by

g with the device or monitoring for a signal or change in state. For verification after the stress

b sttdowr—farett N | )

or ac output

conductors by reacting to a loss of ac grid shall be evaluated to the appropriate environmental stress tests
listed in Table 99.1. The alternate test methods listed in Table 99.1 for IEEE1547/IEEE1547.1 can be used
in place of the Standard for Safety for Tests for Safety-Related Controls Employing Solid-State Devices,
UL 991, and combined with any utility-interactive or grid support function testing.
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Table 99.1
Environmental Stress Testing (based on UL 991)

Stress test

UL 991 Section

Example of devices this may apply to:

Condition to be met

(IEEE1547 | IEEE1547.1 (see 99.7)
equivalent)
Overvoltage/Undervoltage 10 (4.2/5.2) Devices that rely on a power source to (1) (7)
perform the safety function, such as
activating a mechanical device,
communications or for powering the logic
circuits.
Power Supply Dips and Short 11 (4.2/5.2) Devices that rely on a power source to (6) (7) (9)
Interruption perform the safety function, such as
activatng a mechanical device,
communications or for powering the logic
circuits.
Transient Overyoltage (Surge) 12 (4.1.8.2/5.5.2) Test applied to power ports on all devices | (2) (7) (9)
with electronic controls
Voltage Variatign 13 (4.2/5.2) Devices that rely on a power sourceto 6)((7) (9
perform the safety function, such as
activating a mechanical device,
communications or for power'the logic
circuits.
Electrical fast Transient/burst 14.2 (4.1.8.2/5.5.2) Test applied to commuriication and control | (3) (7) (9)
ports on all deviceswith electronic controls
Signal Circuit fast transient 14.7 (4.1.8.2/5.5.2) Electronic control devices with 3) ™) 9
communication‘ports with external wiring
not surrounded by a grounded conductive
shield,
Radiated immuhity (EMI) 14.8 (4.1.8.1/5.5.1) All electronic control devices (4a) (7){8)
Digital equipmgnt modulation 14.9 (4.1.8.1/5.5.1) All electronic control devices 5) (7))
Keying interferg¢nce 14.10 (4.1.8.1/5.5.1) All electronic control devices (4b) (7){8)
ESD 15t0 15.4 Based on FMEA 9)
Electric field 15.5 Based on FMEA 9)
Magnetic field 15.6 Based on FMEA 9)
Composite Opgrational and 16 All equipment using electronic control or (10, Table 99.4)
Thermal Cycling mechanical devices
Shipping and Storage 17 (None/5.1) All electronic control devices M@ 9
Thermal Cycling See Table 99.4 All equipment using electronic control or (10)
mechanical devices.
Humidity Table 99.5 All equipment using electronic control or (10)
mechanical devices.
Dust 20 Based-eonvEAnstalationtocation-and—3)
enclosure protection rating
Vibration 21 Based on FMEA 9)
Jarring 22 Based on FMEA 9)

Note: Equivalent requirements from other standards listed in Table 97.1 can also be used.

99.7 The following conditions are to be used with Table 99.1:

(1) Compliance with UL 991, Section 10, is covered testing performed in the following sections:

+ Performance testing in Section 98.

» Power Supply Grid Support Ride Through testing in Section 98.3 if the device is identified
for this application.
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» Temperature and Humidity cycling as described in condition (10).

(2) ac powered controls shall be tested to UL 991 or IEEE 1547. Controls powered solely from a PV
input shall be tested in accordance with Table 99.2 with the equipment connected to a dc source
capable of supplying the maximum rated input voltage +0/-2 %. The device under test is allowed to
be damaged if the PVRSS function locks into the controlled conductor mode. In this case, a failure
mode analysis is performed and the equipment can be repaired or replaced to continue testing the
remaining number of stated impulses in Table 99.2. If any of the remaining surge tests for that
polarity cause the equipment to fail the same way, after two such failures, the testing for that
polarity is complete.

(3) Test on Communications or control terminals if part of the PVRSS function.

(4a) U

(4b) U
identif]

®) In
additiq
Test i
not idd

6) If

mechanical devices, the dc source shall be varied\from maximum rated +0/-2

minim
of UL

(7) If the IEEE 1547 or equivalent grid suppbort test method is used, the evaluation

includ

se a minimum field strength of 10V/m.

y electromagnetic interference as a potential cause for failure or misgperation.

erters tested to IEEE C37.90.2 (as referenced from IEEE 1547 and IEEE
nally be subjected to and found compliant with the 10kHz Pulse.or Square Way,
Section 14.9 of UL 991. This test is not required when the UL 1998 risk asse
ntify electromagnetic interference as a potential cause for-failure or misoperatio

he PVRSS function relies on power from a PV input for electronic controls

Lm rated voltage +2/-0 % for the “Voltage Dips®test of UL 991, Section 11, and
D91, Section 13.

e verifying PVRSS system operation™to Section 98.1 on the ac circuit and oth

se IEEE C37.90.2. This test is not required when the UL 1998 risk assessmgent does not

547.1) shall
e Modulation
ssment does
n.

br controlling
o voltage to
he 40 % test

may need to
er circuits in

additign to IEEE 1547 criteria.
(8) Functional verification during stress. Reference 99.5.
(9) Fupctional verification after stress. Reference 99.5.
(10) The “Composite Operational and Thermal Cycling” and “Thermal Cycling and Humidity” tests
shall gomply with the requirements as stated in Table 99.4 and Table 99.5. A single sanple shall be
used for both tests\The sample is first tested to Table 99.4 and then to Table 99.5| The sample
used phall complete the entire test sequence and is compliant if there are no nfechanical or
electrifal hazards and it complies with the final functional verification. During functiongl checks, the
switchl transition timing shall be evaluated to address systems that rely upon mliltiple series
switching/devices to operate in unison or other systems that can be negatively |impacted by
increased or variable switch timing.
Table 99.2
PV Input Surge Requirements
Surge type Surgel/impulse Surge test resistance Number of impulses Surge polarity for
voltage per polarity each test point
. 10 Negative
100 kHz ring wave Table 99.3 30 ohms
10 Positive
Combination wave 10 Negative
(1.2/50usec) Table 99.3 12 ohms 10 Positive
Equipment Test Points Positive input to ground | Negative input to Both to ground Positive input to
ground Negative input
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Table 99.3
Surge Values

Temperature Cycling

Maximum dc input rating of equipment Test surge/impulse voltage
71Vdc 500V
141 Vdc 800V
213 Vdc 1500V
424 Vdc 2500V
849 Vdc 4000V
1500 Vdc 6000V
Note: Interpolation is permitted.
Table 99.4

temperature cy

testing of Section 98.

One sample of the PVRSE or PVRSS is r
DUT;

Note: It may be good practice to have ab
case one is damaged in the post test or h
testing. If the DUT is damaged or stops o
mode compliant with 93.2 rapid shutdown
does not pose any other hazard, the sam
the test. However, a new DUT must be vg
Section 98, repeat the 200 temperature c
cycles and repeat all remaining tests in of
complete the entire test sequence.

The DUT is not powered during the 200 ¢
conditioning test. However, if electrical coj
safety critical circuits (such as grounding,
rapid shutdown critical circuits) is also be
separate power source can be used to m

interruption in continuity during the cycled.

The temperature cycle profile of Figure 99
from UL 1703 Figure 35.1) is used with th
clarification:

a) The transition time shall not e
2 °C/minute.

Test step Test method Exceptions to method/additional test ihnformation
Conditioning —|200 UL 1703 Section 35 and Figure 35.1 The sample used for'this testing will have|previously
cles (this figure also shown as Figure 99.1) complied with the appropriate operational verification

pquired for the

hck-up DUT in
imidity-freeze
erating in a
function and
ble does not fail
rified to
pnditioning

der to

cle

htinuity of
bonding and
ng evaluated, a
nitor any

).1 (which is
e following

kceed

b) Each cycle shall have a dwell

time no less

than 0.5 hours and no more than 1.75 hours.

Note: Dwell time will depend on the DUT
construction attaining a temperature within 2 °C
of the chamber temperature. See the dashed
line on Figure 99.1 that illustrates how a module
material temperature may track chamber
temperature. Certain larger electronic
components or large amounts of potting
material may require more time to reach
temperature.

Table 99.4 Continued on Next Page
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Table 99.4 Continued

Test step

Test method

Exceptions to method/additional test information

The cold and high dwell temperature is determined by
the following DUT ratings:

1) DUT with a rated operating temperature of no
more than 50 °C: Use the
storage/transportation rated temperature range

with the high temperature no less than 70 °C.

Note: The cold storage temperature rating is
rated as low or lower than the rated cold

operating temperature

2) DUT with a rated operating ten
50 °C: Use the greater of the
storage/transportation temperatu
operating temperature‘range or |
Section 35, dwelltemperatures.

hperature over

fe range,
L 1703,

Post conditioni

g checks

Perform a high temperature functional che

19.Adjust the test chamber air ten
the' DUT maximum rated operatir}
temperature.

2) Connect the DUT to all necesdary power and

control/communication ports as d
in Section 98.

3) Load all ports to full rating and
communication ports being evalu
the PVRSE or PVRSS function.

* Power ports will be set
maximum voltage or no
(-1+2 %)

* The rapid shutdown fu
initiated

4) Operate the DUT in this mode
of 24 hours at maximum rated op|
temperature

ick:

hperature to
9

one for testing

activate any
lated as part of

to either
minal voltage

hction is not

for a minimum
erating

LA fibaraihl 241 ¢ ol hle
JJANCT UIC 25 TTUUl peTiuu = Wit

chamber at maximum rated temperature,
repeat the functional check of Section 98 five
times at each rated voltage extreme. Refer to

99.5 for verifying the function.

« For DUT with multiple power ports,
the voltage varied for the test shall be
the port that provides the logic/control

power.

* dc power ports shall use the

the DUT in the

minimum rated voltage -0/+2 % and
maximum rated voltage +0/-2 %.

Table 99.4 Continued on Next Page
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Table 99.4 Continued

Test step

Test method

Exceptions to method/additional test information

* ac power ports shall use the most
severe of the following conditions:

88 % (-0/+2 %) of nominal for the
minimum and 110 % (-2/+0 %) of
nominal for the maximum; or, the
equipment minimum voltage rating
(-0/+2 %) and maximum voltage rating
(-2/40 %)

Perform visible inspections for items listed in UL 1703

Section 35.1(a)
UL 1703 Section 35.1(b), (c), (d), (e) and

these evaluations are performed, the test
and evaluation shall not jeopardize testin
standard.

share chamber.resources.

unless this temperature stress is being cgmbined with
another test program that requires this evpluation. If

Note: The use ofiadditional samples shoyld be
considered if different test programs are qombined to

f) do not apply

connections
) to this

Temperature Cycle Conditioning Test

Maximum Cycle Time

Figure 99.1
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Table 99.5
Humidity-Freeze Cycling

Test step Test method Exceptions to method/additional test information
10 humidity-freeze cycles | UL 1703, Section 36, modified Refer to Figure 99.2 of this standard for the humidity-
with functional checks freeze cycling test profile and UL 1703, Section 36, for

other details of the test set up.

« At the end of the 10th cycle, the chamber shall
be stabilized at 25 °C with humidity on until the
DUT is removed for the post checks.

* During the humidity-freeze cycling, the DUT is
AL | =t}

to-be-pewered-as-sh Figure 99.2 (a

repeating sequence of: maxV{ offf minV, off,
minV, off, maxV, off). The result Will be cycles 1,
3,5, 7 and 9 having thersame cofnbination of
Voltage and temperature/humidity (T/H-High
and maxV; T-Low dnd minV) and|cycles 2, 4, 6,
8 and 10 having'the same combipation (T/H-
High and minV; T-Low and maxV). The
temperatuce,values for T/H-High pnd T-Low
shall be based upon the PVRSE [Equipment
test temperature range" as defingd in Table
93.1. At the end of the 10th cycle|(transition
from freeze to 25 °C), the DUT will remain off
until the post tests are performed

« dc power ports shall use the migimum rated
voltage -0/+2 % and maximum rated voltage
+0/-2 %.

« ac power ports shall use the magst severe of
the following conditions: 88 to 90|% and 108 to
110 % or the minimum voltage rafing -0/+2 %
and maximum voltage rating -2/+D %
respectively.

« For equipment with multiple power ports, the
voltage varied for the test shall bg the port that
provides the logic/control power.

Functional checks (FC) shall be done at the specified
transition points, low temperature dwell and high

temperature/humidity dwell times and corresponding
voltage setting as shown in Figure 99.2.

* FC1 — Transition from cycle 1 c¢ld dwell to
cycle 2. Turn on power at 25 °C gnd perform
functional check while chamber temperature is
in transition. The functional check shall be
performed while the chamber temperature is
between 25 °C and 40 °C. Voltage is at minV.

* FC2 — Cycle 2 high temperature/humidity
dwell (after at least 1 hour of dwell time).
Voltage is at minV.

* FC3 — Cycle 2 cold dwell (after at least 15
minutes of dwell time). Voltage is at maxV.

Table 99.5 Continued on Next Page
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Table 99.5 Continued

Test step

Test method

Exceptions to method/additional test information

* FC4 — Same as FC1, except at the transition
from cycle 2 cold dwell to cycle 3 and the
voltage is at maxV.

* FC5 — Same as FC2 except at cycle 3 and the
voltage is at maxV.

» FC6 — Same as FC3 except at cycle 3 and the
voltage is at minV.

» Repeat the previous sequence for FC1 to FC6

starting at the transition fromegygle 5 to cycle 6
(for the above sequence déscription, replace
cycle 1 with cycle 5, cycle 2 with|cycle 6 and
cycle 3 with cycle 7).

* The final functional checks are|performed
after the humidity-freeze cycles (refer to the
post tests helow).

Post humidity-
cycle checks

reeze

UL 1703, Section 36

Perform functienal checks:

At the end of the humidity-freezq cycles (end of
the 10th cycle when the chambefr reaches

25 °C), the equipment shall be r¢moved after
the chamber has stabilized at 2§ ° C +2 °C for
0.5 hours (15 minutes) and fungtional tests
below performed within 1 hour of removing the
equipment from the chamber. The equipment
shall be powered just long enough to perform
the functional checks.

1) Connect the DUT to pll necessary
power and control/communication
ports as done for testing in Section 98.

2) Load all ports to full fating and
activate any communicption ports
being evaluated as parj of the PVRSE
or PVRSS function.

» Power ports will be set to
maximum voltage (+0/-2 %)

3) Initiate the rapid shutdown function and
record results.

« Refer to 99.5 for verifying the
function.

* Refer to the Exception to 98.1.2 for
verification of voltage and leakage
current on any part of the DUT that
provides an isolated disconnection of
the dc PV circuit (air-gap from a
contactor, relay or similar device).

Table 99.5 Continued on Next Page
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Table 99.5 Continued

Test step

Test method

Exceptions to method/additional test information

4) Deactivate the rapid shutdown

verify the DUT has returned to the state of
operation before the rapid shutdown function

was initiated.

5) Adjust power ports to the minimum rated
voltage (-0/+2 %) and repeat steps 3 and 4.

» For DUT with multiple power ports,
the voltage varied for the test shall be

the port that provides th

function and

e |ogic/control

power.

6) Turn off all power, to'the DUT.

7) DUT using electronic controls

shutdown function shall be set urjpowered at

room temperature for atleast 3 h

longerithan 5 hours after the completion of the
above-functional check. Repeat dteps 2 through

5.

8) Turn off all power to the DUT ahd perform the
Dielectric Withstand test, Section/47.

Perform visible inspections for items listed
Section 36.1(a).

UL 1703, Section 36.1(b), (c), (d), (¢) and

unless this temperature stress is being cofnbined with
another test program that requires this evgluation. If

these evaluations are performed, the test
and evaluation shall not jeopardize testing
standard.

Note: The use of additional samples shoul
considered if different test programs are ¢
share chamber resources.

or the rapid

burs, but no

in UL 1703,

f) do not apply

onnections
to this

H be
mbined to
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Figure 99.2
Humidity-Freeze Cycling Test
= AHs i 24Hrs : 24 Hrs
— Humidity - 85% £ 2.5% — « Freezing — Humidity - 85% £ 2.5% — « Freezing > — Humidity - 85% + 2.5% — ¥ Freezing>;
: DWELL
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/ Cycle 1 Cycle 2
Start éRepeats
Room temp: :
Low (TL) : : : : :
Volts * DWELL-0.5H min : ¢ DWELL-0.5H min : * DWELL - 0.5H min
MAX : H — — :
NOM.
MIN _|_|__ ..... -
OFF \— :
. . . . X X FC checks
15 minutes into dwell : 15 minutes into dwell 15 minutes into dwll repeat starting
period period period at transition of
cycles 5-6 and
su2485 FC1 FC2 FC3 FC4 FC5 end after cycle 7
25C 25C

Humidity-Freezé
to Section 36, g
standard for mo

RATINGS

100 General

100.1 A PV
accordance

Exception: B
are not requi

MARKING

vith Table 65.1.

Hifications to the test procedure.

cold dwell.

profile is a general representation only. For full test details, including acceptable rate of change of t¢mperature, refer
f the Standard for Flat-Plate Photovoltaic Modules<and Panels, UL 1703, and to Table 99.4 and Table 99.5 of this

RSS system or component, used solely for the purpose of rapid shutdown, shall be rated in

quipment that are not designed for connection to or control of a particular fungtion or circuit
red to be-ptovided with ratings that reference that function or circuit.

101

101.1

Details

Only a complete PVRSS may be marked “photovoltaic rapid shutdown system.” Only PVRSE may

be labeled “photovoltaic rapid shutdown system equipment.” The term “PHOTOVOLTAIC” may be
replaced with “PV.”

101.2 Only PV systems equipment that has been found to comply with the relevant PVRSS and or
PVRSE requirements to perform rapid shutdown functions may be marked with the following wording or

equivalent:

“All inputs and outputs of this product comply with photovoltaic rapid shutdown requirements for
controlled conductors outside the array”

Or
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“Only the indicated terminals of this product comply with photovoltaic rapid shutdown requirements
for controlled conductors outside the array”

101.3 Equipment described in 13.2.4 and 97.1.10 shall be marked on or near each port identified with
the following markings: “PVRSS Controlled Conductor Connection Port — refer to instructions for
conditions of use.”

101.4 Only PVRSS and PVRSE complying with Section 98.3 may be marked as follows; “grid support
interactive compatible.”

101.5 Products evaluated as PVRSS or PVRSE shall include the relevant markings of Table 65.1 and
Section @, 1_: 101 4-in-the-installation-instructions rnqllirnrl in402 14

101.6 For products with power supply grid support ride through, documentation(shall include the
minimum ride| through times for each region from the testing of Sections SA9 and SA10.

102 Installgtion Instructions

102.1 The i:l:stallation instructions provided with the product shall include*all the relevant iteqs of 102.2 —
102.14 and shall be consistent with the evaluation performed on the product.

102.2 PVR$S and PVRSE shall comply with the relevant partsiof Sections 68.2 and 69.

102.3 The |nstallation instructions shall indicate whether the equipment qualifies as g PV Rapid
Shutdown Sygtem (PVRSS) or as PV Rapid Shutdown Equipment (PVRSE).

102.4 Equigment described in 13.2.4 and 97.140 shall include instructions to ensure correct use of
equipment with other connected devices, including:

a) Thq Port is not controlled, but has:been evaluated for connection to controlled conduictors,
b) Elegtrical characteristics of the port,

c) Characteristics (pertinent to the PVRSS system) of the conductors that can be conpected to the
port, and

d) Exgected behavior of the electrical circuit during RVRSS initiation.

102.5 In relation 10°'68.2(d), the installation instructions shall describe the method(s) of initiating Rapid
shutdown fungtion*and shall be marked in accordance with Section 690.56(C) of the NEC (NFPA 70).

102.6 The installation instructions shall instruct the installer to provide signage complying with Section
690.56(C) of the NEC (NFPA 70). The installation instructions shall state whether:

a) All conductors are controlled, or

b) Only conductors leaving the footprint of the array are controlled.
102.7 PVRSE shall have the following warning in the instruction manual:

WARNING - THIS PHOTOVOLTAIC RAPID SHUTDOWN EQUIPMENT (PVRSE) DOES NOT
PERFORM ALL OF THE FUNCTIONS OF A COMPLETE PHOTOVOLTAIC RAPID SHUTDOWN
SYSTEM (PVRSS). THIS PVRSE MUST BE INSTALLED WITH OTHER EQUIPMENT TO FORM A
COMPLETE PVRSS THAT MEETS THE REQUIREMENTS OF NEC (NFPA 70) SECTION 690.12 FOR
CONTROLLED CONDUCTORS OUTSIDE THE ARRAY. OTHER EQUIPMENT INSTALLED IN OR ON
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THIS PV SYSTEM MAY ADVERSLY AFFECT THE OPERATION OF THE PVRSS. IT IS THE
RESPONSIBILITY OF THE INSTALLER TO ENSURE THAT THE COMPLETED PV SYSTEM MEETS
THE RAPID SHUT DOWN FUNCTIONAL REQUIREMENTS. THIS EQUIPMENT MUST BE INSTALLED
ACCORDING TO THE MANUFACTURER’S INSTALLATION INSTRUCTIONS.

102.8 This equipment shall be installed and operated in an environment within the ratings and limitations
of the equipment as published in these installation instructions.

102.9 All PVRSS and PVRSE shall be provided with installation instructions necessary for proper
installation of the system including but not limited to details such as minimum control wire size, and
maximum control wire length.

102.10 For[PVRSE that will be mounted behind a PV module, no portion of the PVRSE.&nglosure will be
less than 12{7 mm (1/2 in) from the module substrate, then the instructions for installing, the| PVRSE shall
be specific gnough to assure this distance is maintained. The instructions shall also,inform the installer
that the PV module instructions should be reviewed to determine if any restrictions*for moynting devices
under the mddule exist as part of the PV module listing.

102.11 The installation instructions shall provide system test or, commissioning propedure(s) for
validation of proper PVRSS operation, including compliance with the rated rapid shutdown time limit.

102.12 Installation instructions shall have revision control and\revision level shall be marked on the
document.

102.13 PVIRSS and PVRSE that have complied with the requirements of Section 98.3 fof grid support
shall be provided with installation instructions that detail that the product is compatible with grid support
functions and any limitations on the grid support funetionality.

102.14 PVIRSS will have the following warning in the instruction manual:

WARNING -+ THIS PHOTOVOLTAIC-RAPID SHUTDOWN SYSTEM (PVRSS) INCORPORATES ONE
OR MORE RIECES OF EQUIPMENT THAT EXERCISE THE RAPID SHUTDOWN CONTROL OF PV
SYSTEM CPNDUCTORS REQUIRED BY SECTION 690.12 OF THE NEC (NFPA [70). OTHER
EQUIPMENT INSTALLED IN(OR ON THIS PV SYSTEM MAY ADVERSELY AFFECT THE [OPERATION
OF THIS P)VRSS. IT IS THE RESPONSIBILITY OF THE INSTALLER TO ENSURH THAT THE
COMPLETEPp PV SYSTIEM MEETS THE APPLICABLE RAPID SHUT DOWN HUNCTIONAL
REQUIREMENTS. THIS EQUIPMENT MUST BE INSTALLED ACCORDING| TO THE
MANUFACTURER’S-INSTALLATION INSTRUCTIONS.
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SUPPLEMENT SA — GRID SUPPORT UTILITY INTERACTIVE EQUIPMENT
PART 1 - GENERAL
SA1 Scope

SA1.1 These requirements cover grid support utility interactive inverters, converters and ISE. This
Supplement to UL 1741 is intended to validate compliance with grid interactive functions which are not
covered in IEEE 1547-2003. These grid support functions may include but are not limited to voltage and
frequency ride through and active and reactive power control. These Grid Support Functions may impact
an inverter's anti-Islanding functionality; therefore Anti-islanding testing will be conducted with these

functions enabled as described in the applicable sections below.

SA1.2 As s‘llhown in Table SA1.1 the grid support utility-interactive requirements allowforA

of products
IEEE 1547 .1

Note 1: It is anti
compliance with
utility-interactive

and on differentjschedules for various jurisdictions.

Note 2: An opt
compliance with
compliance with
Supplement SB

sing either the UL 1741 SA tests or alternative testing methods using-the"re
2020 in accordance with IEEE 1547-2018 and IEEE 1547a-2020.

Cipated that individual grid interconnection requirements will transition from requiring.compliance w
the new IEEE 1547.1-2020 in accordance with IEEE 1547-2018 and IEEE 1547a-2020. Allowanci
product compliance with either/both requirements will facilitate the transition*which will be implen

onal path for evaluation of grid support interactive equipment is found in Supplement SB whig
IEEE 1547.1-2020 in accordance with IEEE 1547-2018 and IEEE 1547a-2020. Some jurisdiction
UL1741 Supplement SA in addition to specific SRD compliance, which is different from the
that uses IEEE 1547-2018 as the functional SRD for testing itnaccordance to IEEE 1547.1-2020.

he evaluation
quirements of

th UL1741 SA to
b for grid support
ented differently

h references full
b require specific
requirements in

_ Table SA1.1 _
Grid Support Interactive Test Method Options
UL1741 SA test name SA'test section Comparable IEEE 154.1-2020 test
section
Anti-Iglanding Protection SA8 5.10.2
Low and High Voltage Ride-Through SA9 5.4.4,54.]
Low and Highl Frequency Ride-Through SA10 5.56.3,5.54
Norinal Ramp Rates SA11.2 NA?
Soft-$tart Ramp Rates SA11.4 5.6
Specified Power Faetor SA12 5.14.3
olt/Var Modé SA13 5.14.4
Frequency=Watt SA14 5.15.2
Volt=Watt SA15 5.14.9
DisaBle-Permit-Service SALZ 56
Limit Active Power SA18 5.13
For the purpose of Grid Support Interactive evaluations, this table provides options to use tests from either the UL 1741 SA or
IEEE 1547.1 2020.
@ |EEE 1547-2018 and IEEE 1547.1-2020 do not have a requirement for, or test equivalent to, the UL 1741 SA Normal Ramp Rate
which is presently a local requirement per California Rule 21 and/or Hawaii 14H which both require compliance with the Normal
Ramp Rate test of SA11.2.

SA1.3 The intention of this supplement is to define the evaluation criteria for utility interactive inverters
with grid support functions that are rated and specified as “Grid Support Utility Interactive Inverters”. This
new nomenclature is intended to differentiate these products from “utility interactive inverters.” The test
requirements and protocols within this section are written to allow for the testing of multiple operational
parameter sets of limits and times in an effort to accommodate the needs of different grid interconnection
requirements. These functional requirements will be defined in a source requirements document (SRD).
This Supplement is intended to validate compliance of a EUT with a stated SRD(s) across the range of
EUT operation. Multiple SRDs may be encompassed by the range of operation and or addition of
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functions. Where there are conflicting requirements between SRD(s), additional testing may be needed to
evaluate the specific functional requirements of each SRD.

SA1.4 The requirements in this supplement are in addition to the other applicable requirements for utility
interactive inverters and other applicable requirements within this standard.

SA1.5 Following the procedures described herein, manufacturers may rate their units to a variety of
different regulatory requirements or have adjustable ranges of operation that will address the needs of a
variety of different regulatory requirements.

SA1.6 The test procedures are not written with a specific regulatory regime in mind. These requirements
and tests are intended to establish the template for the identified performance functions and allow for

validation of
compliance W

SA1.7 The
Products sha
in order to va

SA1.8 This
purpose utilit
protection fur
with the pre
compliance r
with the follo

Inverters. Soine of the requirements in this supplement are’defined as optional, see Frequen

— Optional, S
included or ¢
be evaluated

£ bl H A+ | k. + blood lo ol 4
LuIMuIiariocc wildt opTUINTTU PTTTUTTTIATIVT  PaldiTiTiTl o Uidl LdlT VT UoStTU U

ith local requirements.

manufacturer will utilize the ratings to state the settings for which the ldnit W
| be provided with ratings shown in SA16 including all of the defined parameters
idate compliance.

Supplement for Grid Support Utility Interactive Inverters ‘was drafted using
y interactive inverter” CRD that allowed for manufactdrer defined grid int
ctions. While the Grid Support utility interactive inverters share some similar
iously defined special purpose utility interactive_inverters that have potent
bquirements, the Grid Support Utility interactive_inverters are required to and
ving defined requirements before they can be marked as a Grid Support Utili

ection SA14, and Volt-Watt (VW) — Optional, Section SA15, and are not re
pbmplied with as part of the evaluation. Functions specified in this document as
f provided.

demonstrate

ill be tested.
and settings

the “special
erconnection
functionality
ally variable
shall comply
ty Interactive
cy-Watt (FW)
quired to be
bptional shall

SA1.9 The fests in this supplement verify the, performance of a single unit when connectgd to an area
EPS. The single unit may include multiple pieces of equipment. Any additional equipment necessary for
the proper fupctioning of the EUT shall beincluded in the test. Performance of systems of myltiple units is
beyond the s¢ope of this document.
SA1.10 Within this supplement;:the pass fail criteria is expressed mathematically or with gefined limits
and or time résponses. Figures.in this supplement are considered to be informative with exgeption of the
test wavefornps or if otherwise-noted in the text.
SA2 Acronyms
Al Anti-lql:mding
ECP Electrical Coupling Point
EPS Electric Power System (electric utilities or their surrogates)
EUT Equipment Under Test (this is also referred to as a “unit” elsewhere throughout
the Standard and Supplement)
f frequency
FPF Fixed Power Factor
FW Frequency Watt [also referred to as P(f)]
IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electronics Engineers
IOU Investor-Owned Utility
HV1 High-voltage range 1


https://ulnorm.com/api/?name=UL 1741 2023.pdf

MAY 19, 2023 UL 1741 173

HV2 High-voltage range 2
LV1 Low-voltage range 1
LV2 Low-voltage range 2
LV3 Low-voltage range 3
HF1 High-frequency range 1
HF2 High-frequency range 2
LF1 Low-frequency range 1
LF2 Low-frequency range 2
L/HFRT Low/High Frequency Ride-through
L/HVRT Low/High Voltage Ride-through
MSA Manufacturer Stated Accuracy

NN Near Nominal
PF Displacement Power Factor

PFAP Power Factor Mode with Active Power Priority
P(f) Power as a function of frequency (also referred to as Frequency-Watt)

PUT Parameter Under Test
Qf Quality factor

Q(V) Reactive Power as a Function of Vleltage (Also known as VV, VV11 and VV12
and also referred to as Volt-VAr)

RLC Resistance, Inductance, and(€apacitance
RR Ramp Rate
SPF Specified Power Factor

SS Soft-Start
SRD Source Requirement Document

t Time
VAr Volt-Ampere Reactive

VW  Volt-Watt Active Power as a function of Voltage [also referred to ag W(V)]

SA3 Definitions

SA3.1 Ared Electric Power System(Area EPS) — An EPS that supplies local EPSs.

SA3.2 Cease 1o Energize — State or action in which the EUT ceases 1o export current to the area EPS in
not more than the maximum specified time. Cease to energize does not imply galvanic separation
(disconnection) of the EUT from the Area EPS.

Note: The intent is a target output current of zero, however it is recognized that even with the power electronics off or an output relay
opened, passive components such as output filter capacitors will result in some current to or from the grid.

SA3.3 Continuous Operation — While the area EPS is within normal parameters the EUT shall operate
normally and provide available active and/or reactive power to the area EPS.

SA3.4 Deadband — Signal domain interval or band where no action occurs.

SA3.5 Disable Permit Service — A function included in IEEE Standard for Interconnection and
Interoperability of Distributed Energy Resources with Associated Electric Power Systems Interfaces, IEEE
1547-2018, which disables the EUT’s permit service setting if not operating so that it will not start
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operation, or cause the EUT to cease to energize the area EPS and trip in no more than 2 seconds if the
EUT is operating.

SA3.6 EUT Disconnect and Reconnect Command — Function 2 in California, Electric Rule 21,
Generating Facility Interconnections, Phase 3 which enables the area EPS Operation to send a command
to the EUT to disconnect from the Area EPS or prevent the EUT from energizing the area EPS. Analogous
to Disable Permit Service in IEEE Standard for Interconnection and Interoperability of Distributed Energy
Resources with Associated Electric Power Systems Interfaces, IEEE 1547-2018.

SA3.7 Limit Active Power — A function included in IEEE Standard for Interconnection and Interoperability
of Distributed Energy Resources with Associated Electric Power Systems Interfaces, IEEE 1547-2018,
which limits the EUT active power output to a percentage of the nameplate active power rating in no more

than 30 s or

whichever is

greater.

SA3.8 Limit
Facility Interc
of EUTs can

SA3.9 Loca

group of prenpises.

!

SA3.10 Ma
in response t

Note: EUT prote

SA3.11 Man
performance

SA3.12 Momentary Cessation — State or aetion, in response to an abnormal excursion of th

in which the H
delay after Ar

SA3.13 Per

continue to prjovide active and/oryreactive current to the area EPS or may cease to energize.

SA3.14 Ret
EPS followin
operation of t

SA3.15 Rid

n -the minimum time for the Inrimnry energy source to reduce its ot |’r|n||f power,

Maximum Active Power Mode — Function 3 in California, Electric Rule 21
bnnections, Phase 3 which establishes an upper limit on active power'that a E
roduce or use.

Electric Power System (Local EPS) — An EPS contained entirely within a singlq

datory Operation — A prescribed requirement for the(lEUT to provide current to {
an abnormal excursion of the area EPS, within the.SRD defined range.

tive functions needed to prevent damage to the EUT shall b€ permitted to function during mandatory

ufacturer's Stated Accuracy — The _tolerance or maximum error in mea
metric as specified by the manufacturerof the EUT.

UT momentarily ceases to energize the Area EPS, and will restore output with
missive Operation —%In response to an abnormal excursion of the area EPS

Lirn to Service= The criteria required for and behavior of the EUT as it re-energ
) an abnormal excursion resulting in a trip, cease to energize, or moments
ne EUT!

p-Through — State or action in response to an abnormal excursion of the area B

the EUT does .
state, the SRD may require particular action such as momentary cessation or mandatory oper:

ba EPS parameters have.returned to specified conditions as defined by the SRO.

Generating
UT or system

premises or

he area EPS

operation.

surement or

e Area EPS,
no intentional

he EUT may

zes the area
ry cessation

PS, in which

ride-through
ation.

SA3.16 Source Requirements Document (SRD) — A document that includes the required operational
functions, operating parameters including limits and response times.

SA3.17 Specified Power Factor (SPF) — There are two modes for SPF; fixed power factor (FPF) and
power factor mode with active power priority (PFAP).

Note: In general FPF mode should be used to ensure availability of reactive power at all DER output power levels. FPF is normally
the preferred mode of operation. PFAP mode may be used in special cases and by mutual agreement between the system operator
and the area EPS operator.

SA3.18 Tightest ride-through settings — Unit settings that minimize the range for the ride through time
and voltage or frequency parameter regions. This setting needs to account for the manufacturer’s stated
accuracy.
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SA3.19 Trip — State or action in response to an abnormal excursion of the area EPS, in which the EUT
ceases to energize the area EPS, and will return to service only after the area EPS has returned to a
normal operating condition for not less than the minimum specified time in the return to service criteria in
the SRD.

Note: This differs from momentary cessation in the intentional delay before return to service.

SA3.20 Uni-Grounded — A center ground referenced WYE configured source with a 3 wire output circuit.

SA3.21 Unintentional Island — An unplanned island.

SA3.22 Utility-Interactive Inverter — An inverter intended for use in parallel with an electric utility to supply
common loag i i iti i i plicable parts
of IEEE 15471-2003 and IEEE 1547.1-2005.

EE 1547.1-2005.
d in accordance
e with Reliability

Note: Products for general utility interactive applications are evaluated for compliance with IEEE 1547-2003/and |IE
They may also include additional Grid Support and or Special Purpose Utility Interactive functions thatymay be enabl
with local utility|interconnection protection requirements. For example, products may be evaluated for compliang
Standard NER( PRC 024-1, Generator Frequency and Voltage Protective Relay Settings.

SA3.23 Widest ride-through settings — Unit settings that maximize the\range for the ride
and voltage pr frequency parameter regions. This setting needs to account for the manufag
accuracy.

through time
turer’s stated

SA4 Consfruction

SA4.1  Grid| support utility interactive inverter or converter shall comply with all of the UL 1741
construction fequirements defined for utility interactiveproducts.

SA4.2 Grid|support utility interactive inverter of\converter may rely upon externally provided equipment
to operate infcompliance with these requirements. Such external equipment shall be evaluated to UL 1741
or other appl|cable component standard for, its function and conditions of use.

SA5 Performance — Grid Support(Utility Interactive

SA5.1 General

SA5.1.1  When performing-the abnormal tests in Section 50, consideration shall be given to the worst
case EUT grid support interactive operating parameters in the continuous and mandatpry operating
regions.

Note: In some ¢

hses,it.hay be necessary to repeat the test under multiple settings to determine the worst case.

SA5.2 Grid support utility interconnection protection performance

SA5.2.1  Grid support utility interactive inverter or converter shall be evaluated and found compliant with
the applicable test procedures within Part 2 of this Supplement that are not identified as optional. The test
procedures within this Supplement that are identified as optional may be additionally evaluated.

SA5.2.2 Grid support utility interactive inverter or converters are required to be evaluated for compliance
with this standard and Supplement requirements and shall additionally be evaluated for compliance with
IEEE 1547-2003 and IEEE 1547.1-2005. In cases of requirement conflicts, such as but not limited to trip
limits and trip times, this Supplement including the SRD takes precedence over the IEEE 1547-2003 and
IEEE 1547.1-2005 requirements. The evaluated featured functions and limits are defined in the product’s
ratings and markings as defined in SA6.
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SA5.2.3 Grid support utility interactive inverter or converter may be evaluated for compliance with
specific documents or requirements (outside of or in addition to IEEE 1547-2003 and IEEE 1547.1-2005
including amendments or IEEE 1547a-2014 (Amd. 1) and IEEE 1547.1a-2015 (Amd. 1) as defined and
referenced in the product ratings.

SA5.2.4 When a grid support utility interactive inverter or converter requires additional interconnection
protection devices to comply with these requirements, the devices shall be provided as part of the grid
support utility interactive inverter or converter or shall be specified in the product installation instructions as
required equipment for inclusion during installation

SA5.2.5 Grid support utility interactive inverter or converter may include functions that are intended to be
enabled or disabled in accordance with Iocal ut|I|ty mterconnectlon protect|on requwements The special
in SA6.4.

¢ inverter requirements in this Supplement address common operating andifa
se and 3 phase EPS configurations. EUTs rated only for operation® on 3

systems, are fo be evaluated for response to phase to phase voltages. EUT rated foroperatio
3 wire uni-grqunded systems may be evaluated for both phase to ground and phasé'to phase

SA5.2.7 For the purposes of this document, testing shall be conductedyin accordance |
2005, Clausg 4, except as otherwise defined in the individual tests%of this document. N
equipment shall have anti-aliasing filters and sampling frequencies appropriate to the measu
fundamental

SA5.2.8 Un
the extremes
required by th

SA5.29 EU
during mandz

SA5.2.10 When measuring EPS events/with changes in voltage and frequency the tes

measuremen
Longer durati

SA5.3 Test

SA5.3.1 Un
test setup op
specified limif

Example: For

requency component shall be applied.

ts that incorporate operating parameters with axtange of adjustment are to be
of the adjustment range and another semiCentral point between the extre
e individual test procedures) to validate comipliance across the range of adjusta

T protective functions needed to prevent damage to the EUT shall be permittg
tory operation.

time domain current and\voltages shall be sampled at rate above 10,000
bn tests with slower respornise e.g. RR and SPF may use a lower sampling rate.

parameter tolerances

ess otherwise stated, the following tolerances shall apply to specified test paran
brating cahditions. These tolerances shall not be applied to minimum or maxin
S,

a test procedure requirement that specifies to “set the AC input to nominal volt

Ilt conditions
hase 3 wire
n on 3 phase
voltages.

FEE 1547.1-
leasurement
ement of the

evaluated at
mes, (where
Dility.

d to function

5t equipment

samples/sec.

heters and or

um absolute

hge”, per this

requirement t

reactuat vottage isattowedto bewithimawindow of mominat-vottage +2-%:

SA5.3.2 This section is not applied to manufacturer stated accuracy of a EUT nor is it to be applied to
equipment measurement accuracy.

SA5.3.3

If a setup or other criteria is expressed as a percentage of voltage, current, power, or time, the

tolerance is to be calculated based on the base unit then application of the tolerances in Table SA5.1.
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Table SA5.1
Test Parameter Tolerances
Parameter Units Default tolerance of measurement
Voltage (DC) Volts 2 %
Voltage (ac) Volts rms 2%
Current (DC) Amps 13 %
Current (ac) Amps rms 2 %
Power Watts / VA +4 %
Power Factor Displacement Power Factor +3 %
Frequency Hz +0.05 Hz
Time Seconds 13 %
Temperature Degrees C 13c
Averaging Window Not less than 100)averaggs over the
duration of measurement
Averaging Window Weighting Piecewise|linear

SA5.4 Representative testing

SA5.4.1 When testing a product family that shares an identical” physical constructi
components|and firmware, where the family members only diffet in' output power ratings, {
highest powgr EUT is considered representative of lower power units in the EUT family, unl

specifically defined by a test protocol.

SA5.5 Abnormal tests

SA5.5.1 A grid support utility interactive inverterzor converter shall not pose hazards defin
50.1 for Abngrmal Tests when performing grid support functions. The grid support utility inter:
shall be evalyated at its most extreme rated operational limits of voltage, frequency, and curr

SA6 Ratings, Markings and Instructions

SA6.1 Grid|support utility interactive inverter or converter shall be rated, marked and includ
in accordance with the applicable requirements for utility interactive inverters in accordance
65 through 69, and Section'SA16. The actual markings ratings and instructions provided sh

represent thg functions thatwere the subject of the product evaluation.

SA6.2 Grid|supportinverters or converters that have not been evaluated to and found com
full set of applicable IEEE 1547-2003 and IEEE 1547.1-2005 interconnection proted
requirementg (as ‘defined for the specific product type) shall be permanently marked with

bn of critical
esting on the
bss otherwise

ed in Section
ctive product
nt.

e instructions
with Sections
all accurately

bliant with the
tion function
the following

markings:

a) "ATTENTION" and the following or equivalent: "This unit has not been evaluated for some of the
IEEE 1547-2003 and IEEE 1547.1-2005 utility interconnection protective functions. This unit may
need to be provided with external utility interconnection protection in accordance with local codes
and local utility requirements.” This marking is to be placed in a location that is readily visible

adjacent or near the unit’s ratings marking.

b) Grid support inverter or converter complying with a subset of the IEEE 1547-2003 and IEEE

1547.1-2005 requirements shall include details of the specific compliant portions or ¢

onversely the

unevaluated portions of the standards. This information may be provided as part of the product
ratings label, or the warning label in SA6.2(a), or it shall be marked in either of those locations as

follows; “Product specific evaluation criteria and ratings are included in the produ
instructions and/or operating manuals.”

ct installation
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SA6.3 Compliance with specific documents or requirements [outside of IEEE 1547-2003 and IEEE
1547.1-2005 IEEE 1547a-2014 (Amd.1) and IEEE 1547.1a-2015 (Amd. 1)] that include additional grid
support utility interconnection settings and functions, shall be specifically defined and referenced in the
product ratings, within the installation manual and/or operating instructions. This information shall be
provided in the same locations as the information that is referenced in SA6.2 (a) or (b).

SA6.4 In accordance with SA5.2.5, the installation instructions for grid support utility interactive inverter
or converter shall include the following details:

a) The specific grid connectivity requirements, documents or standards to which the product was
designed and evaluated including the specific version or edition or publication date as adequate to
identify the specific version.

b) Infprmafion about the type and characlerisiics of required external ufility inferconnection
protegtion functions or devices.

¢) Infgrmation clearly indicating limitations in product function availability or scope of dperation due
to incgmpatibility with other available product functions.

d) Thé¢ means by which programmable settings can be accessed and programedl as well as
functigns enabled or disabled, except those passwords related tovchanging the availability or
settings of grid protection and support functions shall not betredquired to be published in the
instrugtions or manuals.

SA6.5 Grid |support utility interactive product functions refereficed within the manuals and instructions
that have begn evaluated for compliance, shall be clearly differentiated within the installatiof instructions
from grid support utility interactive product functions that have-not been evaluated.

SA6.6 The pquipment evaluated under this document shall include manufacturer’s stated accuracy in
the product mjanual including at least: voltage current; frequency, power (active and reactive),|power factor
and time.

SA7 Manufpcturing and Production Line Testing for Grid Support Utility Interactive Inyverters

SA7.1 Grid pupport utility interactive.inverter or converter shall be subjected to an evaluation to validate
inverter firmware version(s) and default settings in addition to the production test requirements defined in
Section 70, 7]l and as defined inJJEEE 1547.1-2005.

PART 2 - SPECIFIC REQUIREMENTS AND TESTS FOR GRID SUPPORT UTILITY INTERACTIVE
INVERTERS

SA8 Anti-iglanding Protection — Unintentional Islanding with Grid Support Functions Enabled

Since compliarnce WittT the Suppierment SA Serfes of tests 1M Sections SAY — SATS5 15 required as a
prerequisite for performing the following Anti-islanding test, the Anti-Islanding test should be run as the last
test in the Supplement SA series of tests.

SA8.1 General

SA8.1.1 This unintentional islanding test procedure addresses unintentional islanding evaluation on the
Equipment Under Test (EUT) with grid support functions enabled. This test differs from IEEE 1547.1-2005,
Section 5.7.1, by including grid support functions, i.e. commanded active power level, commanded
reactive power level, voltage/frequency ride-through functions, and autonomously implemented voltage
and frequency grid support functions. This section is intended to address autonomous inverter anti-
islanding functions and does not consider or account for other communications based schemes like
permissive operating signals that may be incorporated.
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SA8.1.2 This test is intended to verify that the EUT trips as specified by the applicable requirements
document or manufacturer specification when a EUT is exposed to an unintentional islanded condition.
The EUT is verified to be compliant with ride through functions enabled both with and without additional
grid support functions enabled.

SA8.1.3 The IEEE 1547.1-2005 Unintentional Islanding test procedure in 5.7.1.2 shall be applied to the

EUT with the

following revision to 5.7.1.2(d):

Set and verify the EUT trip parameters are at maximum adjustable voltage and frequency ranges,
maximum adjustable response durations as previously determined in the voltage and frequency ride-
through sections, and grid support functions are set as described below. It is permitted to disable the grid
support functions or widen deadband setting when tuning the test circuit provided doing so does not

Change the EUT active or reactive ol itput power at nominal test canditions. After {1 ming the test circuit the
deadband shall be returned to the worst case setting.
a) For each of the functions to be verified as compatible with unintentional islanding compliance,

the m
worst
identi

progr

Note: T

maxim
within

anufacturer shall identify parameters that adversely affect islanding detéction
L.case condition for the EUT to be anti-islanding compliant. The worst:case cond
fied and documented by the manufacturer and test laboratory for_evaluation U
Bm.

his condition is likely to exist when the voltage and frequency ranges.and detection times arg
im adjustable settings with L/HVRT and the L/HFRT functions enabled. (Time parameters are set to
heir range of adjustability, the low voltage/frequency parameters are{set to the minimum value wit|

adjustgbility, and the high voltage/frequency parameters are at the maximum value within their range of

Volt-V4
deadbd
functiol

b) Gi
to va

r function is to be validated using this procedure, the worst«case parameter values are likely
nd, maximize the var production, and maximize the slope ofithe volt-var curve. For example, if a v4
h is to be validated, this function may need to be enabled instead of a watt-priority Volt-Var function.

en the function configuration to be validatéd, unintentional islanding tests shall
idate each unique combination of fungtions grouped together that can be s

and state the
tions shall be
nder this test

adjusted to the
the largest value
hin their range of

hdjustability.) If a

to minimize the
r-priority volt-var

be performed
multaneously

enabled as stated by the manufacturer. Functions, which may be grouped within unique function
combjnation groupings, are not required-<o be retested.
c) For example, to test the EUT for hypothetical functions A, B, and C that caf be enabled
simulfaneously, those functions:shall be enabled and tested as a group. See Table| SA8.1. If the
EUT passes the test for this grouping then no additional tests or combinations of A,|B, and C are
requied. However, to certify. another function, D, which is mutually exclusive with C, then the
grouging A, B, D must beitested as well.

SA8.2 Tes{procedure

SA8.2.1 Sdt up the EUT as described in IEEE 1547.1-2005 section 5.7.1.2 steps (a) through (1) with the

following ex

ptions:

sation by the

EUT should remain on durlng the test” refer to Table SA8.1 for examples of how and when various
active functions, including reactive power compensation are to be treated during the testing.

b) Before testing activate the appropriate function set for the test being conducted (see Table
SA8.1 for reference), repeat all steps for each of the active function combinations in Table SA8.1
including modifications from SA8.1.3(a).

c) IEEE 1547.1-2005 section 5.7.1.2(d) states “Set (or verify) all EUT parameters to the nominal
operating settings.” In place of this step, refer to the note in SA8.1.3(a) for details on EUT
parameters settings.

d) When evaluating EUT output power factor values below 0.707, the Qf of the test circuit including
the EUT will be higher than Qf=1. This is different than as defined in IEEE 1547.1-2005 section
5.7.1.2 step (h). Under those circumstances only one reactive load bank component is necessary
to null the reactive output current of the EUT and test circuit.
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Table SA8.1
Example Test Procedure

Functions active during anti-islanding Steps to be completed
test
L/HVRT, LIHFRT IEEE 1547.1-2005 section 5.7.1.2 steps (d) through () and SA8.2.1(a)
L/HVRT, L/HFRT, SPF, RR, FW IEEE 1547.1-2005 section 5.7.1.2 steps (d) through (1) and SA8.2.1(a)
L/HVRT, L/HFRT, Q(V), RR, FW IEEE 1547.1-2005 section 5.7.1.2 steps (d) through (I) and SA8.2.1(a)

Note: RR for the purpose of this test, RR is considered to be the normal ramp up rate under normal operation as described in

SA11.1.3. Also see SA8.3.8.

SA8.2.2 Re

place IEEE 1547.1-2005 section 5.7.1.2 steps (m) through (o) with the following

a)—(e):

a) Re
setting

iew the test results of IEEE 1547.1-2005 section 5.7.1.2 step (l) for the 1 % lo
s. ldentify the load setting that yielded the longest run on time before tripping.

1) Run two additional test iterations for those identified load settings!
2) The average trip time is to be taken of the three test iterations to determ

case trip time for the set of functions under test. Note that.SA8.3.4 applies to
all iterations.

b) Re
the n

c) After collecting the 1 % load setting incrementscthat yielded the longest average
each function set detailed in Table SA8.1, determine which function set produced
average trip time.

d) For|

e) For|

SA8.3 Tests requirements

eat IEEE 1547.1-2005 section 5.7.1.2 steps (d) through (I) and sub-step SA8.2
t appropriate EUT function set activated in accordance with Table SA8.1.

1) For that function set, review the.trip'time results and the 1 % load setting ing
yielded the three longest trip times. The two settings that were not already
three test iterations from sub-step (a)(1), shall be subjected to two additional te

from sub-step (a)(1)] occur at nonconsecutive 1 % load setting increments, {
two iterations shall be‘'run for all load settings in between.

that function set identified in (c), repeat IEEE 1547.1-2005 section 5.7.1.2 step
that function_set identified in (c), repeat IEEE 1547.1-2005 section 5.7.1.2 step

SA8.3.1

The “test requirements in 5.7.1.3 of IEEE 1547.1-2005 shall be applied and ad

ad increment

ne the worst
he results of

.2(a)(1), with

trip time for
the longest

rements that
subjected to
5t iterations.

2) If the three longest trip:times [including the trip time already subjected to 3 fest iterations

he additional

n).

0).

ditionally the

actual EUT trip time for each test shall be recorded for each iteration of the test. The test circuit for the
unintentional islanding tests is shown in Figure SA8.1 (or the test circuit in IEEE 1547.1-2005 Section
5.7.1.2, Figure 2). The following test criteria shall replace the criteria in 5.7.1.4 of IEEE 1547.1-2005.
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Figure SA8.1
Unintentional Islanding Test Circuit

O/O

S3 |
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R . L0 INVERTER

S4315

SA8.3.2 The simulated area EPS shall meéetithe requirements of IEEE 1547.1-2005, Section 4.6.1. The
measuremerjt system shall meet the requirements of IEEE 1547.1-2005, Section 4.6.2. The input source
shall be capgble of supplying at least\125 % of the rated maximum input current of the EJUT except as
defined for tHe 33 % and 66 % powerilevels.

SA8.3.3 A lest is successfuFwhen the EUT trips from and ceases to energize the test Igad within the
timing requinements of IEEE ;1547-2003 after switch S3 is opened. IEEE 1547-2003 and 1547a-2014
define compljance as ceasing to energize the area EPS within 2 seconds of the formation of the island.

SA8.3.4 If any of these tests results in islanding for longer than the specified time, the unit fails the test. A
single failure|of any of these tests is considered a failure of the entire test sequence.

SA8.3.5 If amon—compliiantTomditiomisdiscovered; thistest may be Tepeated withthesettings adjusted
differently (e.g., less aggressively) for the Grid Support function causing non-compliance. If the adjustment
of the grid support function produces compliant results, the rated EUT range of adjustment for the support
function must be modified for the EUT.

SA8.3.6 Unevaluated combinations of functions and or unevaluated ranges of adjustments shall not be
accessible to the end user or installer.

SA8.3.7 A grid support utility interactive inverter shall pass the unintentional islanding tests with the grid
support functions enabled and disabled in accordance with Table SA8.2 and Table SA8.3, if applicable.

SA8.3.8 The grid support functions, examples of which are shown in Table SA8.2, shall be activated with
the worst-case parameter sets, as defined by the manufacturer. The ramp rate (RR) function is not
expected to support the Area EPS or reduce the EUT sensitivity to detect the island; however, if it is
determined through testing that the ramp rate limitation can impact anti-islanding detection, it must also be


https://ulnorm.com/api/?name=UL 1741 2023.pdf

182 UL 1741 MAY 19, 2023

enabled and tested, as shown in Table SA8.2 and/or Table SA8.3. If the EUT includes a Frequency-Watt
function, it must be tested as well, as shown in Table SA8.3.

Note: Table SA8.2 depicts example of combinations of advanced functions that may be required to be simultaneously enabled to
qualify a unit for Rule 21 SA compliance.

Table SA8.2
Example Test Matrix for Anti-Islanding Validation
Test L/HVRT L/HFRT SPF Q(v) RR
1 X X
2 X X X x@
3 X X X x@

2 If the RR function is shown to reduce island detection sensitivity, testing shall be performed with RR controlset.to Worst case.
Legend:

* L/HVRRT, Low/High Voltage Ride-Through

* L/HFRT, Low/High Frequency Ride-Through

» SPF,|Specified Power Factor

» Q(V)| Volt-Var Function with Watt or Var Priority as defined by source doctitnent

* RR, Normal Ramp Rate

Note: This tablg corresponds to the minimum requirements for CA Rule 21, 2015.

Table SA8.3
Test Mdtrix for Anti-Islanding Certification (with FW and VW Optional Functions Enpabled)

Test L/HVRT L/HFRT SPF Q(Vv) RR FW VW
1 X X
2 X X X X2 OPT OPT
3 X X X X2 OPT OPT
2 If the RR funcfion is shown to redlce-island detection sensitivity, testing shall be performed with RR control set to worst case.

Legend:
* L/HVRT, Low/High*Voltage Ride-Through

* L/HFRT, Low/High Frequency Ride-Through

* SPF, SPUL:II‘;UL—J. PUVVUI rautul
» Q(V), Volt-Var Function with Watt or Var Priority as defined by source document
* RR, Normal Ramp Rate

* FW, Freg-Watt Function

SA8.3.9 The test comments in 5.7.1.5 of IEEE 1547.1-2005 shall be applied including the below text
which is to be appended at the end of the section.

Note: For example, the worst-case parameter sets for the Rule 21 ride-through functions are when the operating and ride-through
windows are maximized. There is no adjustability in the L/HVRT function described by the CPUC Electric Rule 21, 2015, but there is
a range of adjustability for L/HFRT. The worst-case settings for L/HFRT are shown in Table SA8.4.
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Table SA8.4
Example Settings for L/HFRT During Anti-Islanding Testing
System frequency Ride-through until (s) Ride-through operational Trip time (s)
mode

f>64 No Ride-Through Not Applicable 0.16
60.5<f<62 299 Mandatory Operation 300

58.56<f<60.5 Indefinite Continuous Operation Not Applicable
57.0<f<58.5 299 Mandatory Operation 300
f<57.0 No Ride-Through Not Applicable 0.16

Note: While these operating parameters correspond to the CPUC Rule 21 parameters and they may be substituted with other

Minimum acceptable functionality defined by the

Source Requirements Document

Manufacturer’s most aggressive setiings for use in

operating parameters for other area EPS requirements
SA8.3.10 The worst-case parameter settings for Volt-Var functions such as Q(V) are most likely from a
minimized d¢adband, e.g., max(V,) and min(V3), maximized var production, e.g., max(Q,)[and min(Qy),
and maximize the slope of the volt-var curve, e.g., max(V4) and min(V,). An example of thgse settings is
shown in Figure SA8.2. If an EUT response time is adjustable, it is to be set {0 the worst case defined by
the mfr othefwise it is set to the fastest response time setting. Record the time domain regponse of the
EUT.
Figure SA8.2
Example Q(V) Settings for Al Anti-Islanding Testing
N V1, Q1)

anti-islanding tests
<
\>: Overexcited
¢ | Genergtor (Vo, QolNV3, Q3)
o | N
o I Vard 7
2| Undergxcited Vhom gn
S | Genergtor
[¢]
14

(Va, Qa)

su2056

Note: The worst-case parameter settings (settings defined in IEC Technical Report IEC 61850-90-7, “Communication networks and
systems for power utility automation — Part 90-7: Object models for power converters in distributed energy resources (DER)
systems,” Edition 1.0, Feb 2013) for Frequency-Watt functions such as FW are most likely from a minimized fg,, maximized Kpoyer-
Freq: @Nd @ minimized fg,,. An example of these settings is shown in Figure SA8.3, Example FW settings for Al anti-islanding testing.
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Figure SA8.3
Example FW Settings for Al Anti-Islanding Testing

N Minimum acceptable functionality
defined by the Source Requirements
Document
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SA9 L/HVRJT Low and High Voltage Ride-Through

SA9.1 Fungtion L/HVRT - low and high voltage ride-through

SA9.1.1 General

SA9.1.1.1 Tlhe purpose of thistest is to verify the behavior of the system in response to [ow and high
voltage excufsions that are“eutside the normal range of operation of the area EPS. The| test verifies
behavior of the EUT in ride-through region.

Note: The ride-tirough behavior can either be Momentary Cessation (also known as gate blocking in some regions)| where the EUT
does not export power, Permissive Operation, where the EUT may or may not export power, or Mandatory Operation| where the EUT
must continue tolexpoertpower. An example of voltage ride-though and must trip regions is shown in Figure SA9.1 for Rule 21, 2015.
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Figure SA9.1

Example Operating Parameters that Correspond to Rule 21 Ride-Through and Must Trip Regions in

the Time-Voltage Domain
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Note: While the
for other area E

PS requirements. The mafufacturer’s stated accuracy for limit and time parameters are not addressd

be operating parameters correspond to the Rule 21 parameters they may be substituted with operpting parameters

d in this figure.
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SA9.1.1.2 Table SA9.1 is an example of a SRD with defined operating parameters for L/HVRT.

Note: The Electric Rule 21, 2015 defines the L/HVRT requirements according to Table SA9.1 and the L/HFRT requirements. These
operating parameters for limits and times are consistent with the Electric Rule 21, 2015. Other defined operating parameters for limits

and times may be used to evaluate for compliance in other installation locations.

Table SA9.1

Example Operating Parameters that Correspond to Rule 21 L/HVRT?

Region Volta%ig:ﬁgne(;minal Ride-through until Operating mode Maximum trip time (s)
High Voltage 2 (HV2) V=120 Not Applicable Not Applicable 0.16s
High Voltage 1 (HV1) 110<V <120 12s Momentary Cessation 13s
Near Noming (NN) 88<VvV=<110 Indefinite Continuous Operation Not Applicable
Low Voltage 1 (LV1) 70V <88 20s Mandatory Operation 21s
Low Voltage 2 (LV2) 50V <70 10s Mandatory Operatioh 1Ms
Low Voltage 3 (LV3) V <50 1s Momentary Cessation 15s

2 While these o
other area EPS

Note 1: Manufa
Note 2: The tab
Note 3: For LV3

requirements.
cturer may evaluate product over wider ranges of adjustment than thoseWwithin the table.

e voltage could be either at the PCC or equipment terminals.

berating parameters correspond to the Rule 21 parameters, they may be substituted with operating garameters for

or HV1 the EUT shall cease to energize in not more than 0.16 s(and not trip). This may differ in othgr SRD(s).

SA9.1.2 Tes

SA9.1.21 T
The measurs
source shall b

SA9.1.22 A

5t requirements

ment system shall meet the requitements of IEEE 1547.1-2005, Section 4.6
e capable of supplying at least 125 % of the rated maximum input current of the

duration not I¢ss than the specified timé defined by a SRD.

SA9.1.2.3 (

ther grid support functions may be enabled during this test as required by the S

SA9.1.3 Ride through verification test procedure

SA9.1.3.1 T
tests shall be
test circuit for|

performed at the terminals of the EUT. Signal injection test methods shall not

thelow/high voltage ride-though magnitude and duration tests is shown in Figurg 1

he simulated area EPS shall meet the*requirements of IEEE 1547.1-2005, Section 4.6.1.

2. The input
EUT.

test is successful when the(EUT rides through specified abnormal voltage condlitions for the

his proCedure uses the ride-through test signal (step function) defined in SA10.4. These

a) Record the voltage (magnitude) and time (duration) limits for each overvoltage and undervoltage
operating region from the applicable SRD(s). This testing procedure assumes that the regions do
not contain any non-rectangular regions (e.g., the mandatory operation and must trip curves do not
contain sloped lines). In the event, that a jurisdiction has a non-rectangular testing region, an
alternative testing method will be required. The manufacturer may specify the testing regions that
encompass the widest regions from all SRDs. The SRD(s) will depend on the jurisdiction. For
example, interconnecting to the CA IOU EPS requires compliance with the Electric Rule 21
Requirements Document. See SA1.3 for information on how to evaluate for products that are
intended to comply with multiple SRDs. The tightest testing regions (where required) are
addressed in (f). The regions may be tested in any order. These test regions encompass the
SRD(s) being evaluated for the widest adjustable settings or other regions specified by the widest
EUT ratings.

b) Determine and record the applicable EUT control parameters for each overvoltage and under
voltage region.
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c) Record manufacturer’'s stated accuracy for AC voltage (magnitude) and time (duration)
measurements for each overvoltage and undervoltage region.

d) Connect the EUT according to the instructions and specifications provided by the manufacturer.
e) Set all parameters for the input source to the nominal operating conditions for the EUT.

f) Set (or verify) all EUT parameters to the default rated operating conditions and set power output
to maximum rated power.

If the ride-through setting is adjustable, set the EUT to the tightest (the tightest ride-through
settings minimize the size of the over voltage and under voltage regions. The widest ride-through
settings maX|m|ze the size of the overvoltage and undervoltage regions) ride-through voltage
settin : cturer’s stated
accuracy and W|th duratlon of not less than the shortest permltted rlde through t|me plus 1.5 times
the manufacturer's stated accuracy.

Note: During the procedure, the settings of parameters for other functions, or voltage parameters for othef voltage regions,
shall bg set so as not to influence the test results for the operating region being evaluated,‘or shall be disabled. In some
cases this may be accomplished by disabling functions or setting the limits to levels outside the test paragmeters such that
they dq not interfere with this test.

g) Forl overvoltage tests:

1) Set the duration of the ride-through step function/t,,, to maximum value|of the region
being tested.

2) Set the voltage magnitude, V4, of the ride-through step function to the maximum value of
the region being tested minus 1.5 times the ‘manufacturer’s stated voltage acg¢uracy for this
region.

For updervoltage tests:

1) Set the duration of the ride-through step function, t,,, to the maximum valug of the region
being tested.

2) Set the voltage magnitude, V-, of the ride-through step function to the minimum value of
the region being tested-plus 1.5 times the manufacturer’s stated voltage acquracy for this
region.

h) Reford applicablessettings.

i) The following,shall apply:

1) Eorevervoltage tests: Vy shall be the minimum NN grid voltage magnitude plus 1.5 times
the manufacturer’s stated voltage accuracy. This verifies the magnitude of {he NN range
and maximizes the voltage change during the test.

2) For undervoltage tests: Vy shall be the maximum NN grid voltage magnitude minus 1.5
times the manufacturer’s stated voltage accuracy. This verifies the magnitude of the NN
range and maximizes the voltage change during the test.

j) For single-phase units, adjust voltage of the simulated utility to starting point V. The simulated
utility source shall be held at this voltage for period of not less than ty. At the end of this period,
initiate the step ride-through function. The t, and t; values shall each be less than or equal to the
larger of 1 cycle or 1 % of the ride-through region duration. Record the EUT output current over
time relative to the simulated utility ride-through voltage change.

k) For multiphase units, adjust phase to neutral voltage (for any EUT rated for operation on a four
wire EPS) or phase to phase voltage (for any EUT rated for operation only on a three wire local
EPS) on the simulated utility to the starting point V. The simulated utility source shall be held at
this voltage for period of not less than ty. At the end of this period, initiate the step ride-through
function. Ensure that remaining / unchanged phase(s) are held at nominal +5 %. The t, and t;
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values shall each be less than or equal to the larger of 1 cycle or 1 % of the ride-through region
duration.

I) Record all voltage magnitudes, rise times, fall times, hold times and dwell times of the ride-
through step function of the simulated test signal.

m) Repeat steps (g) through (k) four times for a total of N, = five repetitions

n) For multiphase units, repeat steps (g) through (l) for each phase individually and all phases
simultaneously. For EUTs rated for connection to 3 wire systems the test is repeated for a total of 4
different test configurations (each phase to phase voltage and all phases simultaneously). For
EUTs rated for operation on 4 wire systems the test is repeated for a total of 7 different test

config

ura

tions [for each phase (a, b and c) to neutral voltage, each phase to phase voltage and all
H 1

phase
0) Rey

p) Re
betwe
adjust
produ
betwe
capab

Excep
ability
and lo
currer

s-sirtitaneeushd:
eat steps (g) through (n) for each of the remaining over/undervoltage regions.

beat steps (g) though (o) with the EUT output set via the EUT input source
en 18 % and 22 % of the maximum continuous output current rating. For unit
output current as a function of their input such as units with energy storage

Cts the output current is to be commanded. For units that will not function to

En 18 % to 22 % if rated EUT output, these units shall be run\at the lowest level
e.

tion: Where it can be shown by testing or analysis thatylow output current does
of the EUT to ride through the excursion, it is not required to repeat all test cass
w output current. Only the test condition considered most likely to cause failure
t is required to be repeated at low output current:

parameters
5 that do not
br multimode
bxport power
for which it is

hot affect the
ps at both full
at low output

q) Repeat steps (g) through (p) for the widest ride~through setting.
Figure SA9.2
Test Circuit
Simulated Programmable
*
Utility Load Bank EUT Input [Source
su2064

*Note: Load bank required only for non-regenerative simulated utility sources. Some simulated utility sources are unidirectional
sources and therefore require a load bank to absorb the active and reactive power produced by the EUT during testing.

SA9.1.3.2 Each region shall have the applicable ride-through magnitudes and durations verified. In the
case of Rule 21 L/HVRT, four ride-through magnitudes will be verified: the upper bound of HV1, lower

bound of LV1,

lower bound of LV2, and lower bound of LV3.

The required behavior of the EUT, e.g., momentary cessation or mandatory operation, shall also be
verified for all ride-through regions. For mandatory operation regions, the EUT shall be considered in
compliance if it provides a an average current greater than or equal to 80 % of the pre-disturbance current
or other percentage defined in the requirements documents during the ride-through event in each of the
voltage ranges specified in the SRD(s), and returns to at least 80 % of the pre-disturbance current level
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within the time specified in the SRD(s). For momentary cessation regions, the EUT shall be considered in
compliance if it provides an average active current less than or equal to 10 % of the EUT rated current
during the ride-through event in each of the voltage ranges specified in the SRD(s), and returns to the pre-
disturbance current level or percentage as defined in the requirements document within the time specified
in the SRD(s). Where adjustable set points are used, the EUT shall be considered in compliance if it
continues to energize the utility within the programmed setting £ manufacturer’s stated accuracy.

Exception: For EUT’s that are power limited at high grid voltage conditions, the permissible minimum EUT
output current value may be based upon 80 % of the EUT pre-disturbance output power instead of the
80 % of the pre-disturbance current.

Note: Testing is necessary at high and low boundaries only if there are conflicting modes of operation in contiguous regions.

SA9.1.3.3 [ror the purpose of this test the input source current will be held constant sothe maximum
available cufrent should be the same as the pre-disturbance current. These two current levels may be
different in future SRD(s).

SA9.2 Must trip magnitude and duration
SA9.2.1 Test procedure

SA9.2.1.1 The EUT must trip functionality for L/IHVRT is to be verified with the following pro¢edure:

a) It ig permitted to disable other grid support functions, s@ as not to influence the test results for the
operdting region being evaluated.

b) Turn the momentary cessation option off fot’all regions. In the event that the momentary
cessdtion capabilities cannot be deactivated, ‘the manufacturer shall provide a sigrfal to indicate
when|a trip has occurred.

c) Fof all voltage must trip limits in all_regions being evaluated, perform the must tfip magnitude
tests [in accordance with IEEE 1547;1-2005, Section 5.2.1.2 and 5.2.2.2 Test fo response to
abnoimal voltage conditions, as referenced in Section 43, Interactive Equipment.

d) The EUT is in compliance if\itrips in the voltage range specified in SRD(s).

e) For all voltage must trip:durations in all regions being evaluated, perform the trip dyration tests in
accordance with IEEE547.1-2005, Sections 5.2.1.3 and 5.2.2.3, Response to abnprmal voltage
conditions, as referenced in Section 43, Interactive Equipment, but evaluating the required trip
point(s)/value(s),defined in the SRD(s). It is permitted to change the hold time, t,, to]a convenient
value|within thetrange of the max trip time provided it is confirmed the EUT has ndt crossed the
limit.

f) The simulated area EPS shall meet the requirements of IEEE 1547.1-2005, Sectipn 4.6.1. The
measurement system shall meet the requirements of IEEE 1T547.1-2005, Section 4.6.2. The input
source shall be capable of supplying at least 125 % of the output power used for the trip magnitude
and time testing of the EUT.

Note: For the purpose of this test, if the equipment under test is a bidirectional device that can transfer energy from the grid
to the dc side and vice versa, the input source herein is declared to be on the EUT's DC-side.

SA9.2.2 Testrequirement

SA9.2.2.1 As aresult of SA9.2.1.1, the EUT shall trip within the clearing time specified in SRD(s).
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SA10 L/HFRT Low and High Frequency Ride-Through
SA10.1 General

SA10.1.1 The purpose of this test is to verify the behavior of the system in response to low and high
frequency excursions that are outside the normal range of operation of the area EPS. The test verifies
behavior of the EUT in ride-through regions.

Note: The ride-through behavior can be Momentary Cessation, where the EUT does not export power, Permissive Operation, where
the EUT may or may not export power, or Mandatory Operation, where the EUT must continue to export power. An example of
frequency ride-through and must trip regions is shown in Figure SA10.1.

Figure SATU.1 (b
Example Qperating Parameters that Correspond to Rule 21 Default Ride-Throu@nd Must Trip
Regions in the Time-Frequency Domain q/
b:\
64.00 \
L
High Frequency Region 2|- HF2 \

63.00 Trip| within 0.16 Seconds) ;\\.-

62.00
i 61.00
)
2 60.00
Q
=
] 59.00
L.

58.00

57.00

""""""" Must Trip High Frequency Curve
56.00 Low|Freq LFg | e Must Trip Low Frequency Curve i
) Trip wi =—=—=Ride - Through High Frequency Curve
- — — - Ride - Through Low Frequency Curve
55.00 < . e ———
0.10 Q- 1.00 10.00 100.00 1000.00
%O Time (seconds)

su2063 0\,
Note: While these operafing parameters correspond fo Rule 2T parameters, they may be substituted with different operating

parameters for other area EPS requirements. The manufacturer’s stated accuracy for limit and time parameters are not addressed in
this figure.
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. Table SA10.1
Example Operating Parameters that Correspond to Rule 21 L/HFRT?
Region System frequency | Minimum range of | Ride-through until Ride-through Trip time
default settings adjustability (s) operational mode (s)
(Hz)
High Frequency 2 f>62 62.0-64.0 No Ride-Through Not Applicable 0.16
(HF2)
High Frequency 1 60.5<f<62 60.1-62.0 299 Mandatory 300
(HF1) Operation
Near Nominal (NN) 58.56<f<60.5 Not Applicable Indefinite Continuous Not Applicable
Operation
Low Frequency 1 57.0<f<58.5 57.0-59.9 299 Mandatory 300
(LF1) Operation
Low Frequengy 2 f<57.0 53.0-57.0 No Ride-Through Not Applicable 0.16
(LF2)

Note 2: Frequehcy / Watt functionality is an option under the Rule 21, 2015 filing.

@While these operating parameters correspond to the Rule 21, 2015 parameters they may be substitutéd with operating
parameters for pther area EPS requirements.

Note 1: Manufgcturer may evaluate product over wider ranges of adjustment than those within the'table.

SA10.2 Test requirements

SA10.2.1 A test is successful when the EUT rides through specified abnormal frequency ronditions for

the duration

SA10.3 Te

SA10.3.1

t procedure

not less than the specified time defined by a SRD;

his procedure uses the ride-through{est signal (step function) defined in SA10.4. These tests

shall be perfprmed at the terminals of the EUT. Signal injection test methods shall not be Used. The test
circuit for the]low/high frequency ride-though'magnitude and duration tests is shown in Figurd SA9.2.

a) Rgcord the trip frequency (magnitude) and time (duration) limits for each overffequency and
undeffrequency operating region from the applicable SRD(s). This testing procedure jassumes that

the rggions do not containnany non-rectangular regions (e.g., the mandatory operafion and must
trip cprves do not contain sloped lines). In the event, that a jurisdiction has a ngn-rectangular
testinp region, an altérnative testing method will be required.

The mnanufacturer-may specify the testing regions that encompass the widest regions from all
SRDg. The tightest testing regions (where required) are addressed in (f). The regions may be
tested in any.order. These test regions encompass the SRD(s) being evaluated for the widest
adjustable settings or other regions specified by the widest EUT ratings.

The SRD(s) will depend on the jurisdiction. For example, interconnecting to the CA IOU EPS
requires compliance with the Electric Rule 21 SRD. See SA1.3 for information on how to evaluate
for products that are intended to comply with multiple SRDs.

b) Determine and record the applicable EUT control parameters for each overfrequency and
underfrequency region.

c) Record manufacturer’'s stated accuracy for frequency (magnitude) and time (duration)
measurements for each overfrequency and underfrequency region.

d) Connect the EUT according to the instructions and specifications provided by the manufacturer.
Set all parameters for the input source to the nominal operating conditions for the EUT.

e) Set (or verify) all EUT parameters to the default rated operating conditions and set power output
to maximum rated power. If the must ride-through setting is adjustable, set the EUT to the tightest
(the tightest ride-through settings minimize the size of the over-frequency and under-frequency
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regions in terms of magnitude and/or duration. The widest ride-through settings maximize the size
of the over-frequency and under-frequency regions in terms of magnitude and duration) ride-
through frequency setting, but not within the range around nominal frequency £ 1.5 times the
manufacturer’s stated accuracy and with duration of not less than the shortest permitted ride-
through time plus 1.5 times the manufacturer's stated accuracy. During the procedure, the settings
of parameters for other functions, or frequency parameters for other frequency regions, shall be set
so as not to influence the test results for the operating region being evaluated, or shall be disabled.

f) For overfrequency tests:

1) Set the duration of the ride-through step function, t.,, to the maximum value of the region
being tested.

2N Ot tha £ H Y- | £ £t 1ol h-ct £ tH to-th H
ZotHReHFeguehRey-Maghtttae r-ortReHae-tRfougR-StepTuhRetoRtotmemaximum value

of the region being tested, minus 1.5 times the manufacturer’s stated frequefncy accuracy
for this region.

For urlderfrequency tests:

1) Set the duration of the ride-through step function, t,,, to the maximum value|of the region
being tested.

2) Set the frequency magnitude, fr, of the ride-through step-function to the minifnum value of
the region being tested, plus 1.5 times the manufacturer’s stated frequency [accuracy for
this region.

g) Regord applicable settings.

h) Adj

List frequency of the simulated utility to starting point fy. The simulated utility so

urce shall be

held at this frequency for period of not less thanty. At the end of this period, initiate {he step ride-

througd
is at lg
that m
when

For o\

h function. The values of t, and t; shall.be selected such that the rate of change
ast 1.0 Hz/s. It should be noted thattates faster than 3Hz/s may result in und
ay indicate a false failure of ride.through tests. Faster rate of change slopes
bvaluating trip times.

erfrequency tests:
fy shall be the minimum NN grid frequency magnitude plus 1.5 times the m

stated frequency-accuracy. This verifies the magnitude of the NN range and m
frequency change’during the test.

of frequency
fined results
re permitted

anufacturer’s
aximizes the

For underfrequency-tests:
fy shall-be the maximum NN grid frequency magnitude minus 1.5 times the manufacturer’s
stated frequency accuracy.

i) Recordaitfrequency magmnitudes, Tise times, fafttimes, hotd times and dweft times of the ride-

through step function.

j) Repeat steps (g) through (j) four times for a total of N, = five repetitions.

Exception: Following at least one test at the SRD(s) maximum duration, the additional four
repetitions may be tested with a shorter duration (not less than 10 % of the SRD(s) maximum
duration).

k) Repeat steps (f) through (k) for each of the remaining over/underfrequency regions.

I) Repeat steps (f) though (I) with the EUT output set via the EUT input source parameters between
18 % and 22 % of the maximum continuous output current rating. For units that do not adjust output
current as a function of their input such as units with energy storage or multimode products the
output current is to be commanded.
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Exception: Where it can be shown by testing or analysis that low output current does not affect the
ability of the EUT to ride through the excursion, it is not required to repeat all test cases at both full
and low output current. Only the test condition considered most likely to cause failure at low output
current is required to be repeated at low output current.

m) Repeat steps (f) through (m) for the widest ride-through setting.

SA10.3.2 Each region shall have the applicable ride-through magnitudes and durations verified. In the
event that the momentary cessation capabilities cannot be deactivated, the manufacturer shall provide a
signal to indicate when the EUT has ceased to energize the EPS. The required behavior of the EUT, e.g.,
momentary cessation or mandatory operation, shall also be verified for all ride-through regions. For
mandatory operation regions, the EUT shall be considered in compliance if it provides an average current
greater than or equal to 80 %* of the pre-disturbance current (or other percentage as described in the

requirements
SRD(s), and
the SRD(s).
compliance i
the ride-thro
disturbance

in the SRD(
continues to

*Note: Other val

SA10.3.3 F

document) during the ride-through event in each of the frequency ranges sy
returns to at least 80 %* of the maximum available current level within thetim
For SRD(s) that require momentary cessation region(s), the EUT shall_be
f it provides an average current less than or equal to 10 %* of the EUT rated
igh event in each of the frequency ranges specified in the SRD(s)}yand retur
turrent level or percentage as defined in the requirements document within the
5). Where adjustable set points are used, the EUT shall be.considered in cd
energize the utility within the programmed setting + manufacturer’s stated accur:

e may be defined by the SRD.

or the purpose of this test the input source current will be held constant so

available cu

rent should be the same as the pre-disturbance current. These two current |

different in future SRD(s).

SA10.3.4

he simulated area EPS shall meet the requirements of IEEE 1547.1-2005, Sect

measuremerjt system shall meet the requirements’of IEEE 1547.1-2005, Section 4.6.2. The
shall be capgble of supplying at least 125 % of the'rated maximum input current of the EUT.

SA10.4 Ride-through test signal (step'function)

SA104.1 T
ride-through

SA104.2 \
defined here

he test signal described in'this section is used to characterize the behavior of th
events.

ary the parametér under test (PUT) according to the magnitude step funct
n. The ride<through test signal shall take the form shown in Figure SA10.2.

ecified in the
e specified in
considered in
turrent during
ns to the pre-
ime specified
mpliance if it
hCy.

he maximum
bvels may be

on 4.6.1. The
input source

e EUT during

ion envelope
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where:

Figure SA10.2

Graphical Representation of the Ride-Through Test Step Function

A EUT in Mandatory Operation Region

. '/ *80% Mandatory Operation Requirement

? 188 Py : : U : T
.8 T T LT T T T T T YT T T "Ramprateor (| §
S < /_& : : {  maximum time } :
5§ EUTin 4 f i mavato i
O g M tary : : H Momentary i :
55 omentary; : : ; Cessation : :
w Qo Cessation ; Return to

— Region : : ! ' : :

2 10 4 ———j“i'.:::?‘———'E':..—.::'———ge—rv—lcg————...—.:.':"———

= 0 &

time

Parameter Under Test
(PUT)

*10% Momentary Cessation Requirement

* Other value may be defined by the source document.

Nr (# of repetitions)

su2076¢

P is the|magnitude of the PUT

t, is hol&-tirre{s

t.x is the total excursion time (s) of the PUT (f,, = t.+ f,+ t)

t.is rise time (s)

tris fall time (s). This verifies the magnitude of the NN range and maximizes the magnitude change during the test.

tyis dwell time (s) between pulses as specified by manufacturer
ts4 is the start time of the # repetition used for calculating the response time
N, is the number of pulse repetitions per test sequence

Py, is the starting point of the step function (in units of the PUT)
Pris the test value


https://ulnorm.com/api/?name=UL 1741 2023.pdf

MAY 19, 2023

UL 1741

195

SA10.5 Must trip magnitude and duration

SA10.5.1

The following procedure shall be used:

a) Disable all other grid support functions, so as not to influence the test results for the operating
region being evaluated.

b) Turn the momentary cessation option off for all regions. In the event that the momentary
cessation capabilities cannot be deactivated, the manufacturer shall provide a signal to indicate

when

the EUT has ceased to energize the EPS.

c) For all frequency must trip limits, perform the must trip tests in accordance with IEEE 1547.1-
2005 Sections 5.3.1.2 and 5.3.2.2, Response to abnormal frequency conditions, as referenced in

this s
d) Th

e) Fo
1547
referg
point
value
the lin

SA10.5.2 V|
a) Th
meas
sourc

b) Th

SA11 RR-

andard, Section 43, nteractive Equipment.
b EUT is in compliance if it trips in the frequency range specified in SRD(s).

I all frequency must trip durations, perform the trip duration tests in"accordan
1-2005 Sections 5.3.1.3 and 5.3.2.3, Response to abnormal“frequency G
nced in this standard, Section 43, Interactive Equipment, but evaluating the
s) / value(s) defined in the SRD(s). It is permitted to change the hold time, t;, t0
within the range of the maximum trip time, provided it is confirmed the EUT ha
nit.

Vith reference to SA10.5.1, the test requirements are:

e simulated area EPS shall meet the requirements of IEEE 1547.1-2005, Secti
urement system shall meet the requirements,of IEEE 1547.1-2005, Section 4.4

p EUT is in compliance if it trips withinithe clearing time specified in SRD(s).

Normal Ramp Rate and SS —'Soft-Start Ramp Rate

SA11.1 Ge

SA11.1.1

eral

is test confirms that'an inverter meets a given response characteristic for p

rate responsgs for normal and/or soft-start ramp rate commands. An EUT can change the
they increas¢ their power, output. These ramp rates are constrained by what the systems ¢
do. For instgnce, if theysare outputting their maximum power, they cannot ramp up, while
charged storpge systentmay discharge power into the Area EPS, but cannot draw power
EPS as it is glready.completely charged.

SA11.1.2

e_purpose of establishing ramp-up rates for systems is to help smooth transit

ce with |IEEE
onditions, as
required trip
a convenient
5 not crossed

on 4.6.1. The
5.2. The input

e shall be capable of supplying at least 125.% of the rated maximum input current of the EUT.

oviding ramp
rate at which
an physically
a completely
from the area

ons from one

output level to another output level. Although a single system might not impact the grid through a single
sharp transition, aggregated systems responding to a specific event could cause significant rapid jumps in
overall output if they do not ramp to the new level. Such sharp transitions could cause power quality issues
such as voltage spikes or dips, harmonics, or oscillations.

SA11.1.3 Multiple ramp rate characteristics are possible for inverters. This test verifies two types of ramp
rates, although they may optionally be implemented as one general ramp rate. Manufacturers must
indicate the following types of ramp rates provided in their products during testing:

— Normal ramp-up rate when the inverter is adjusting the output power, e.g., when a PV inverter is
following the available power from the dc source.

— Soft-start ramp-up rate that defines the behavior of the device to ramp from zero to operating
power after a trip.
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SA11.1.4 Ramp rates are expressed as a percentage of nameplate ac current to the EPS per second.

The ramp-up

values for each of these may be defined independently or as a combined value.

Note: Where the voltage and phase angle are held constant during the test, active power may be used as a proxy for current during

the test.

SA11.2 Pro

SA11.2.1

cedure for normal ramp rate test

The manufacturer shall state the following parameters for the EUT:

a) Output Current Rating (A) — I ateq

b) Minimum normal ramp-up rate (%l,4eq /S€C) = RRuorm up min
¢) Maximum normal ramp-up rate (%l 4teq /S€C) — RRnorm up_max
d) Minjmum output current, I,

e) Ramp Rate Accuracy MSARg (%l;ateq /S€C)

SA11.22 T

a) Co
by the

b) Set
c) Set

as af
power

d) Tur

e) Set

f) Beg

g) Inc
descri

h) Sto

dwell

i) Rep

j)Rep

I

e normal ramp rate test shall be carried out as follows:

nect the EUT according to Test Requirements, Section, SA11.3, and specificati
manufacturer. Set the EUT to maximum power factor:

all AC source parameters to the nominal operating conditions for the EUT.

the input power level to provide |,,, from the>EUT. For units that do not adjust g
unction of their input such as units with.énergy storage or multimode produc
is to be commanded.

n on the EUT. Allow the EUT to reach'steady state, e.g., maximum power point.
the EUT ramp rate parameters_according to Test 1 in Table SA11.1.
n recording the time domain response of the EUT AC voltage and current and tr

ease the available<input power to provide |,,q from the EUT according to the
bed in Ramp Raté Test Profiles, Section SA11.6.

b recording.the time domain response after the ramp duration plus a manufactt
{ime. Ramp‘duration is defined by 100/RR ., @s appropriate for the test settin

bat steps (c) — (h) two times for a total of 3 repetitions.

ons provided

utput current
Is the output

gger signal.

step function

rer-specified
gs.

pat-steps (c) — (i) for Tests 2 — 3 in Table SA11 1

Table SA11.1
Normal ramp rate test parameters

Test Ramp-up rate RR,qrm_up (% lratea/S€C)

RRnormfu p_min
+ RRnorm_up_max)/2

RRnormfu p_max

(RRnorm_up_min

SA11.3 Test requirements

SA11.3.1

The inverter shall be connected into a test circuit similar to that shown in Figure SA9.2.
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SA11.3.2 For each of the recorded time domain responses, the EUT ramp shall not exceed a region with
the upper limit defined by the ramp rate setting plus the stated ramp rate accuracy and with the lower limit
defined by the upper limit minus 5 % of | 4q- The EUT shall reach at least 95 % of | 44 at the end of the
dwell time. See Figure SA11.1.

If the SRD defines a maximum and minimum ramp rates, they are treated as a limits without a tolerance
and there is no need to specify an accuracy of the ramp rate. If the SRD defines an average ramp rate, the
manufacturer shall define the ramp rate accuracy. During ramp rate testing the total ramp duration shall be
defined as the open loop response time for the EUT output current to rise from 10 % to 90 % of the EUT’s
rated output current (l,5.cq)- The EUT response data set shall be divided into time windows equal to 5 % of
the total ramp duration from 10 % to 90 % l.,eq- During the test the output current shall be measured at
least 1000 samples per second and averaged across windows of 5 % total EUT ramp duration. The EUT
shall be considered in compliance if it meets the following criteria in (a) — (d) while operating between 10 %
and 90 % of rated active power:

a) The instantaneous current measured at any time shall not exceed 150 % of\the clirrent defined
by the straight line approximation of the rated ramp rate specified in the SRD.

b) The average current measured during any 5 % time window shall hot exceed [125 % of the
average of the straight line current predicted by the rated ramp rate in that window.

c) The average current measured during any two consecutive 5 % windows shall not ¢xceed 125 %
of thel average of the straight line current predicted by the rated.ramp rate in those twp consecutive
windgws.

d) The average current measured over the total duration of the ramp shall not exceed 100 % of the
average of the straight line current predicted over the.total duration of the ramp.

SA11.4 Procedure for soft-start ramp rate test

SA11.4.1 e manufacturer shall state the following parameters of the EUT:
a) Output Current Rating (A) — l1ateq
b) Minimum soft start ramp-up-rate (%! ateq /s€C) — RRgs_min
¢) Maiimum soft start ramp-up rate (%l 4teq /S€C) — RRgs max

d) Ramp Rate Accuracy-MSARg (%l ateq /S€C)

SA11.4.2 The soft-starttest shall be carried out as follows:

a) Cohnectithe EUT according to the instructions and specifications provided by the manufacturer.

b) Set allAC source parameters to the nominal operating conditions for the EUT.

c) Set the input source power level to provide |4 from the EUT. For units that do not adjust output
current as a function of their input such as units with energy storage or multimode products the
output power is to be commanded.

d) Turn on the EUT. Set the EUT ramp rate parameters according to Test 1 in Table SA11.2.

e) Adjust the AC voltage or frequency outside the trip limits for longer than the must-trip duration.

f) Begin recording the time domain response of the EUT AC voltage and current and trigger signal.
g) Connect the EUT to the utility or simulated utility operating within the continuous operating

regions for voltage and frequency. Monitor the EUT and record the time domain response staring at
the point at which the EUT begins export of current.
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h) Stop recording the time domain response after at least the reconnect time of the inverter (e.g.
30 s to 5 min), plus ramp duration plus a manufacturer-specified dwell time as shown in Figure
SA11.2. Ramp duration is defined by 100/RR¢, as appropriate.
i) Repeat steps (e) — (h) for a total of 3 repetitions.
j) Repeat steps (d) — (i) for Tests 2 and 3 in Table SA11.2.
Table SA11.2
Soft-Start Ramp Rate Test Parameters
Test Soft-start ramp rate RR¢g (% P aeq/S€C)
1 RRss_min
2 (RRss_min + RRss_max)/2
3 RRss_max
SA11.5 Tes|t requirements
SA11.5.1 The inverter shall be connected into a test circuit similar to that'shown in Figure SA9.2.
SA11.5.2 The EUT shall reach at least 95 % of |44 at the end of-thie dwell time. See Figure[SA11.2. The

data shall be
excursions alf

If the SRD de
need to spec
shall define t
the open loop

current (I,ateq)

ramp duratior
samples per g

Where the Sk
following critg

a) The
by the

b) The
average of the straight line current predicted by the rated ramp rate in that window.

c)T

RD specifies maximum: ramp rate, the EUT shall be considered in compliance i

recorded with an averaging window of 30 mSecvor less to allow for min
ove the limit.

fines a maximum ramp rate, it is to be treatéd as a limit without a tolerance an
fy an accuracy of the ramp rate. If the SRD defines an average ramp rate, the
e ramp rate accuracy. During ramp rate testing the total ramp duration shall b
response time for the EUT output curfént to rise from 10 % to 90 % of the EUT’s
The EUT response data set shall*be divided into time windows equal to 5 9
from 10 % to 90 % |.4eq- During-the test the output current shall be measured
econd and averaged across-windows of 5 % total EUT ramp duration.

ria in (a) — (d) while.operating between 10 % and 90 % of rated active power:

instantaneous current measured at any time shall not exceed 150 % of the cu
straight line.approximation of the rated ramp rate specified in the SRD.

average) current measured during any 5 % time window shall not exceed 1

or response

d there is no
manufacturer
e defined as
rated output
b of the total
at least 1000

it meets the

rrent defined

25 % of the

xceed 125 %

of the average of the stralght I|ne current pred|cted by the rated ramp rate in those two consecutive
windows.

d) The average current measured over the total duration of the ramp shall not exceed 100 % of the
average of the straight line current predicted over the total duration of the ramp.

Where the SRD specifies the average ramp rate, the EUT shall be in compliance if it does not exceed the
average ramp rate tMSA.

Note: This test m

ethod addresses ramp rates of 100 %/sec or slower.

SA11.6 Ramp rate test profiles

SA11.6.1

The following applies to Figure SA11.1 and Figure SA11.2.
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tyis dwell time (s) between test iterations as specified by the manufacturer
tr is the reconnection time (s) as measured during the test

liow is the minimum output current of ramp rate function (%l 4eq)

RR is the ramp rate (%l cq/S€C)

Upper RR limit, is a curve offset above the target RR, from the time the EUT reaches the I,
defined by the following:

Upper RR limit (%l,4eq) = RR + MSAgg

Lower . . o/ *

The references to ramp rate current shall be the apparent current.

Figure SA11.1
Graphical Representation of the Normal ‘Up’ Ramp Rate Test Step Functio

—J

\ Input Current Increased
lratbd '/ 95% of EUT Rated Current
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: e |
. il
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|
i
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Figure SA11.2
Graphical Representation of the Soft Start Ramp Rate Test Step Function
AC Voltage Set to Nominal
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SA12 SPF + Specified Power Factor
SA12.1 General
SA12.1.1 Injorder to maintain a stable grid voltage, it is desired that inverters be able to supply reactive
power to the grid. One way to do:this is to have the inverter operate at a specified, non-unity power factor.
This test verifjes that an EUT operates at a fixed power factor.
Note: In general,|FPF mode sheuld*be used to ensure availability of reactive power at all DER output power levels between 20 % and
100 %.

is_test verifies the performance of a single inverter when connected to a

h area EPS.
erter’'s power

SA12.2 Procedure for specified power factor test

SA12.21

a) Apparent Power Rating (VA) — S;4teq

b) Output Power Rating (W) — Py 4teq

c)DC

Input voltage range with function enabled (V)

d) Nominal AC voltage (V) — Vyom

e) AC

voltage range with function enabled (V)

y of the area

The manufacturer shall state the following parameters of the EUT for the purposes of this test:
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f) AC

voltage measurement accuracy (V) — MSAy,.

g) DC voltage measurement accuracy (V) — MSAy4.

h) Active power range of function, e.g., 20-100 % of nameplate — [P oy, Prated]

Note: At a certain low input power level, the EUT may be unable to accurately produce a fixed power factor. This is a
mathematical artifact associated with the calculation of PF.

i) Power Factor Accuracy — MSApr

j) Power Factor Settling Time (s)

k) Minimum Inductive (Underexcited) Power Factor — PF . ing

1) Min

Additionally,
m) PH
n) PF
o) PF

mum Capacitive (Overexcited) Power Factor — PF i, cap

he following parameters shall be defined:
, the inductive or capacitive signed power factor commanded for test
hid,cap = (1 + PFin cap)/2, middle of the EUT capacitive range.

hidind = (1 + PFin ing)/2, middle of the EUT inductive range.

P) Po
inve

Limi, the maximum output power either limited by-the’input supply or by a cofnmand to the

r.

q) PHurgetr the target power factor. This will differ from the commanded power fac
Power Priority’ modes for input power greater than Py.

SA12.2.2

1) C
speci

2) Se

he specified power factor test shall b&’carried out as follows:

nnect the EUT according toxthe requirements in Section 4 of IEEE 154
ications provided by the manufacturer.

all AC source parametersito the nominal operating conditions for the EUT. Freq

at nofninal throughout this,test. Set the EUT input power to P,,. For units that do not

curre
outpu

3) Tu
the w
magn

4) Se

nt as a function oftheir input such as units with energy storage or multimode
t power is to be.cemmanded.

n on the EWT Mt is permitted to set all L/HVRT limits and abnormal voltage trip
dest rapge of adjustability possible with the SPF enabled in order not to cross
itude threshold during the test.

ect|Fixed Power Factor', operational mode.

tor in ‘Active

r.1-2005 and

uency is held
adjust output
products the

barameters to
the must trip

5) Set the input source to produce P4 for the EUT.

6) Set the EUT power factor to unity. Measure the AC source voltage and EUT current to measure
the displacement power factor and record all data.

7) Set the EUT power factor to the value in Test 1 of Table SA12.1. Measure the AC source voltage
and EUT current to measure the displacement power factor and record all data.

8) Repeat Steps (6) — (8) for two additional times for a total of three repetitions.

9) Repeat Steps (5) — (7) at two additional power levels. One power level shall be at P, or 20 % of

Prated

and the second at any power level between 33 % and 66 % of P 4eq-

10) Repeat Steps (6) — (9) for Tests 2 — 4 in Table SA12.1.
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11) In the case of bi-directional inverters, repeat Steps (6) — (10) for the second active power flow

direction.
Table SA12.1
SPF Test Parameters
Test # Power factor Py
1 l3Fmin,ind Srated'Pl:min,in(:i
2 PFmid,ind Srated'p':mid,ind
3 PFmin,cap Srated'PFmin,cap
4 PFmid,cap Srated'PFmid,cap
SA12.3 Test requirements

SA12.3.1 The inverter shall be connected into a test circuit similar to that shown in'Eigure SA

SA12.3.2 The simulated area EPS shall meet the requirements of Clause 4.6.1 of IEEE
The measurement system shall meet the requirements of Clause 4.6.2 of IEEE 1547.1-2005
shall be performed at the terminals of the EUT.

SA12.3.3 For three phase inverter tests, the simulated EPS voltage in these tests is balan
each phase has the same magnitude and phases are separated by 120 degrees. For single
the voltage under consideration is the RMS voltage at the invetter terminals.

SA12.3.4 F¢r each of the displacement power factar conditions recorded in Steps
compliance shall be verified when the EUT achieves the target power factor within stated ac
power factor getting.

SA13 Volt/YAr Mode [Q(V)]

SA13.1 General

SA13.1.1 Inlorder to maintain a stable grid voltage, it is desired that inverters be able to sup

reactive powgr to/from the EPS:~0One way to achieve this is to have the inverter supply or ab|

\9.2.

547.1-2005.
These tests

ced meaning
-phase tests

(5) and (6),
curacy of the

ply or absorb
sorb reactive

power in response to fluctuations in EPS voltage. The inverter supplies or absorbs reactivgé power as a

function of voltage known as a Q(V) function or Volt-VAr mode. This test verifies that the inver|
mode implements the reactive power response to fluctuations in EPS voltage.

SA13.1.2 Invertefs“can be set to prioritize reactive or active power. This priority setting
inverter’'s be aV|or When the |nverter reaches |ts kVA limits. Volt- VAr mode can functlon V

ter’s Volt-VAr

defines the
ith active or

reactive powe

iority and the

inverter’s apparent power kVA I|m|t is reached actlve power is reduced to ma|nta|n reactlve power
production. When an inverter is set in Volt-VAr mode with active power priority and the inverter’s apparent
power kVA limit is reached, the reactive power is reduced to maximize active power production.

SA13.2 Procedure for Volt-VAr "Q(V)" test

SA13.2.1 The manufacturer shall state the following parameters of the EUT:

a) Apparent Power Rating (VA) — S

rated

b) Output Power Rating (W) — P

rated

c) EUT Input voltage range with function enabled (V)
d) Nominal AC EPS voltage (V) — Vyom
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