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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 Distributed Resources With Electric Power Systems,
IEEE 1547, g cting Distributed
Resources w

|th Electrlc Power Systems IEEE 1547 1.

1.3 These fequirements cover AC modules that combine flat-plate photovoltaic modules and inverters to

provide AC
commonly th
inverters, co

combinations.

1.4 These
inverters, co

combinationg.

output power for stand-alone use or interaction with the electric, power s
e electric utility grid, and power systems that combine other alternative energy
verters, charge controllers, and interconnection system equipment (ISE), in sy

requirements also cover power systems that combide independent power
nverters, charge controllers, and interconnection system equipment (ISE) in sy

1.5 The products covered by these requirements arefintended to be installed in accord

National Eleq

trical Code, NFPA 70.

1.6 These fequirements also cover rapid shutdawn equipment and systems.

2 Glossary

2.1 Geners

2.1.1 Inthe
purpose of th

212 ACM
components

text of this standard, the term "unit" refers to any product covered by this Star
is Standard, the-definitions in 2.1.2 — 2.1.54 apply.

ODULE 3*The smallest complete unit that includes solar cells, optics, inverte
excluding tracking devices, intended to generate ac power from sunlight.

2.1.3 BARF

SR trret | oot

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

stem (EPS),
sources with
stem specific

sources with
stem specific

hnce with the

dard. For the

rs, and other

a risk of fire,

2.1.4 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

21.12 DIS(Q
source, utility

2.1.12A DO

2113 ELE

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

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

2.1.14 ENC

a) Th

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

b

b

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

persons, or

b) The

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

occuriing within.

grotection for

ainst access
s of water as

bm a supply,

ver to a load.

Binst:

or injury to

| disturbance

e connected

2.1.15 FIELD-WIRING LEAD)— A lead to which a supply, load, or other wire is intended to
by an installef.

2.1.16 FIEL
connected by

D-WIRING TERMINAL — A terminal to which a supply, load, or other wire is in
andinstaller.

tended to be

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 electricallylisolated from

its secondar
overload con
core, or betw

electric shock.

2.1.27 KN
removed by
hole for the g

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
h hammer, screwdriver, and pliers at the time of installation in order to provide
ttachment of an auxiliary device, raceway, cable, or fitting.

TED-ENERGY (LE) CIRCUIT <An ac or dc circuit having a voltage not exceed
py limited to 100 volt-amperesiby:

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 LO

r normal and
nding and the
risk of fire or

being readily
hn opening or

ng 1000 volts

as a potential

W-VOLTAGE COMPARTMENT =A portion of amenctosure 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

orare

2.1.31

gulating network complying with 31.11.

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 Sys
panels.

2.1.33A ME

Note: It is acknoy

2.1.33B ME
component o

2.1.33C ME
voltage comp

2.1.34 OPE

tIon transformer that 1S 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 (lg; 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 yoltage (Voc) of the photovoltg
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
perating at medium~yvoltage.

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
nel.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.
ANy 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 IiV
is a potential

a) An

b) A

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 &

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 fa
njury to persons, other than by electric shock, from available "electrical er
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 ar more, or
eactive energy level of 20 joules or more.

a tool, or other metal, short-circuiting a:cemponent 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
¢ shock, electricalenergy — 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 isolatiorn

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
risk has been

transformer.

series with a
A pulse-width

modulated (PWWWyTmode, or a tinear controt mode. T e contror efement 1S usuaity a sotid S

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 C (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

AL HARMONIC DISTORTION (THD) — The ratio of thé& root-mean-square |(rms) of the

harmonic con
THD = [(su

2.1.52 UTIY
utility to supp

Note: This term i

2.1.53 VOL]
enables the b
charging orb

2.1.54 VOL]
charge contrg

2.2 PVrapi

221 ATTE
conductors reg

tent to the root-mean-square value of the fundamental guantity, expressed as a
m of squares of amplitudes of all harmonics)/(square of amplitude of fundaments

ITY-INTERACTIVE INVERTER - An inverter ‘intended for use in parallel wit
y common loads and sometimes deliver power to the utility.

b 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 reconnectssithe-array to the battery when it has been disconnected at the V, §

il shutdowh-equipment and systems

bercentage.
"2 x 100

h an electric

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 intendeJi 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.

amended by TIA

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

2210 SIM

indicates tha

designed to minimize temporal switching event diffefences.

2.2.11 STA
visual confirn

3 Compon
3.1 Except
requirements

used in the p|

3.2 Acomp

a) In

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

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

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 s not required to comply with a specific requirement that:

olves 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

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

ungrounded circuits.

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

7 Frame and Enclosure

7.1 Genera

7.1.1 A unit
shall protect 1
parts of the e
fire, electric s
this Standard

7.1.2 Thefr
Exception: A3

7.1.3 A part
requirements

7.1.4 An en
Enclosures, §

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.Wwith 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~other 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

Electrical Equ

nded in both

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

beration.

he enclosure

hental Rated
hclosures for

ipment, UL 50.

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 s4

b) Su,
c) Ex

d) Prd

Exception N

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

7.2.2 With
for doors and

7.2A Doors for medium voltage equipment

7.2A.1 Doo

interlocked t¢ prevent opening the'door when medium voltage parts are energized. This inte

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 oyeérid
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-amp
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
57.6.

requirements

ring shall be
rlocking shall

—

Exception:
Section 63.

astmetal of fesser thickness 15 usable where the enclosare Complies Wittt Com

ression Test,
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Table 7.1
Thickness of Cast-Metal Enclosures

Minimum thickness, mm (inch)

Use, or dimension of area involved

Die-cast metal

Cast metal other than
die-cast type

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

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

At a threaded conduit hole 6.4 (1/4) 6.4
At an unthreaded-cenduithole 3.2 (8} 3.2

(1/8)

(1/8)

(1/4)
(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

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

Exception: S
Test, Section

7.4.2 With 1
channels, or
dimensions a

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

63.

neet metal of lesser thickness is usable wherethe enclosure complies with

ickness of a sheet-metal enclosure shall not be less than that specified in Tpble 7.2 and
wever, uncoated steel shall not be less than 0.81 mm (0.032)inch) thick, zincitcoated steel
bss 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 metalithat 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

e built with a frame of angles.or channels.

Thickness of Sheet Metal for Enlﬁ)bslﬁrz.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 0.519  (0.020) | Q.58 (0.023)
12.1 (4.75) 14.6 (5.75) 17.1 (6.75) 21.0 (8.25)
15.2 (6.0) Not limited 24.1 (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 081 (0.032)| 0.86 (0.034)
22.9 (9.0) 29.2 (11.5) 33.0 (13.0) 40.6 (16.0)
31.8 (125 Not limited 49.5 (19.5) Not limited 1.07 (0.042) | 114  (0.045)
35.6 (14.0 457 (18.0) 53.3 (21.0) 63.5 (25.0)
45.7 (18.0) Not limited 68.6 (27.0) Not limited 1.35 (0.053) 1.42 (0.056)
50.8  (20.0) 63.5 (25.0) 73.7 (29.0) 91.4 (36.0)

Table 7.2 Continued on Next Page
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Table 7.2 Continued

Without supporting frame?

With supporting frame or equivalent
reinforcing?

Minimum thickness, mm (inch)

surfaces of an ¢nclosure have supports in common and are made of a single,sheet.

¢ "Not limited" gpplies only where the edge of the surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacs
normally remoyed in use.

94 Sheet steel fof an enclosure intended for outdoor use shall not be less than 0.86 mm (0.034 inch) thick for coated
less than 0.81 fhm (0.032 inch) thick for uncoated metal.

Maximum width,® | Maximum length,® Maximum width,” | Maximum length,®
cm (inch) cm (inch) cm (inch) cm (inch) Uncoated Coated
55.9 (22.0) Not limited 83.8 (33.0) Not limited 1.52 (0.060) | 1.60  (0.063)
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 Nottmited 425-5 546y Notmited 2-03—0-68612.13  (0.084)
103.4 (38J00 119.4 (47.0) 137.2 (54.0) 167.6 (66.0)
106.7 (420) Not limited 162.6 (64.0) Not limited 236 (00093) | |46  (0.097)
119.4 (4710) 149.9 (59.0) 172.7 (68.0) 213.4 (84.0)
132.1 (5210) Not limited 203.2 (80.0) Not limited 2,74\ (0.108) | [.82  (0.111)
152.4 (60}0) 188.0 (74.0) 213.4 (84.0) 261.6 (103.0)
160.0 (63]0) Not limited 246.4 (97.0) Not limited 312  (0.123) | [3.20  (0.126)
185.4 (7310) 228.6 (90.0) 261.6 (103.0) 3226 (127.0)

See7.4.2anq7.4.3.

® The width is the smaller dimension of a rectangular sheet metal piece that.ispart of an enclosure. In some cases, adjacent

bnt surfaces not

netal and not

Table 7.3

Thickness of Sheet Metal for Enclosures, 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)
7.6 (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) 241 (9.5)
10.2 (4.0) Not limited 254 (10.0) Not limited 0.74 (0.029)
12.7 (5.0) 15.2 (6.0) 26.7 (10.5) 34.3 (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)
241 (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)

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)
63.5 (25.0) Not limited 152.4 (60.0) Not limited 2.41 (0.095)
73.7 (29.0) 91.4 (36.0) 162.6 (64.0) 198.1 (78.0)

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 52-6% Nettimited Sar-—. +23-6Y Nettimited 3-89 (0.152)

152.4 60.0) 188.0 (74.0) 330.2 (130.0) 406.4 (160.0)

2See 7.4.2and[7.4.3.

b The width is the smaller dimension of a rectangular sheet metal piece that is part of an enclosure. In some cases, adjacent
surfaces of an epclosure have supports in common and are made of a single sheet.

¢ "Not limited" applies only where the edge of the surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacept surfaces not
normally removed in use.

9 Sheet copper, prass, or aluminum for an enclosure intended for outdoor use shall not bedless'than 0.74 mm (0.029 jnch) thick.

7.4.3 With n
frame when it

a) An
b)As
c)Asi

d) An
7.5 Nonme

7.5.1 A poly
Standard for

Exception: A
Equipment, U

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

bnclosure surface loosely attached to a frame, for example, by spring clips.
allic enclosures

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

polymeric enclosure which complies with the Standard for Enclosures
| 508110t required to be investigated for compliance with UL 746C.

a supporting

ments in the
b.3.

for Electrical

7.5.2 Where

rmes-nart of thg anclostira thg fae
S—pPat-6HtHe-8RGIOSHHe,+tHe1a6

B or the back

..........

of the instrument housing, or both together, shall comply with the requirements for an enclosure.

Exception: A meter complying with the Standard for Electrical Analog Instruments — Panelboard Type, UL
1437, complies with this requirement.

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,
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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.

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 flammab/ity Fequirerments applicablie to the component. See COMmpOonNents, Section 3.
7.5.4 A nommetallic enclosure intended for connection to a rigid conduit system shall comply with the
Polymeric Enclosure Rigid Metallic Conduit Connection Tests in the Standard for Enclosureg for Electrical
Equipment, YL 50.
7.6 Openings covered by glass
7.6.1 Glasq covering an opening shall comply with 7.6.2, shall be secured in place so that i{ is not readily
displaced in $ervice, and shall provide mechanical protection for thejenclosed parts.
7.6.2 Glasg for an opening:
a) Naot more than 102 mm (4 inches) in any dimension shall not be less than 1.6 mm (1/16 inch)
thick,
b) Glass for an opening other than described in (a) and not more than 929 cm? (144 sguare inches)
in arga and having no dimension greater than 305 mm (12 inches), shall not be lesg than 3.2 mm
(1/8 iICh) thick, and
c) Glass used to cover an area/greater than described in (b) shall not be less than|3.2 mm thick
and:
1) Shall be of a’nonshattering or tempered type that, when broken, complies with the
Performance .Specifications and Methods of Test for Safety Glazing Material Used in
Buildings) ANSI 297.1-1984 (R1994), or
2) Shall withstand a 3.38 joules (2-1/2 ft-Ibf) impact from a 50.8-mm (2-inch) fliameter, 535
gram (1.18 pound) steel sphere without cracking or breaking to the extent that a piece is
dielndgnd fromits normal pnciﬁnn
7.6.3 Infrared 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.
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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.

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.

775 In melasuring a spacing between an uninsulated live part and a bushing installed.ifg knockout as
specified in 7.7.4, it is to be assumed that a bushing having the dimensions specified inTable 5.4 is in
place, in conjuinction 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)
12 222 (7/8) 25.4 (1 9.5 (3/8)
3/4 27.8 (1-3/32) 314 (1-15/64) 10.7 (27/64)
1 34.5 (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)
2-112 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) 12.7 (4-7/16) 23.8 (15/16)
4 17.5 (4-5/8) 126.2 (4-31/32) 25.4 )
4-1/2 130:2 (5-1/8) 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 live parts and a
conduit bushing installed at any location on the enclosure. Permanent marking on the enclosure, a
template, or a 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.
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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.

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
3s 3,4,4X,6,6P
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 General

7.8.1.1 Thqg enclosure of a unit shall be censtructed to protect the unit against the emisgion of flame,
molten metal, flaming or glowing particles; or flaming drops from the enclosure.

7.8.1.2 Barfiers shall be provided behind all ventilating openings into medium-voltage compartments.
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 \Ventilation-openings in enclosure bottoms

7.8.21 Th a construction
employing individual noncombustible barriers as specified in Figure 5.1, under components, groups of
components, or assemblies.

Exception No. 1: Ventilation openings provided in the bottom 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 0.6 mm (0.018 inch) minimum is used.
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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).

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 Nd. 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

- A

E€B110A

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 26 mm .
) Baffle plates (either above
/Y below bottom of fire encldsure)
X
Bottom of fire enclosurey
SB0O855[

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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7.8.4

7.8.4.1

Figure 5.3

Cross Sections of Top-Cover Design

—

SLANTED OPENINGS

LLL

ECS00 VERTIGAL OPENINGS

Openings in enclosure sides

A Iduver 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 expandefl-metal mesh

that is thinnef than the enclosure shall not exceed 0.129 m? (200 square inches).

7.8.5

7.8.5.1

to cover an gpening in the enclosure shall comply with of Table 5.7.

Expahded metal.imesh and screens

Thqg thickness of perforated sheet steel and sheet steel employed for expanded-mefal mesh used

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

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

screen openings.

7.8.6 Barrig

7.8.6.1 Unlg
switch, fuse,
and the sourd

7.8.6.2 The
arcing part pg

rs used with ventilation openings in low voltagée/’compartments

ch) for larger

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

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

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

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 nd
specified thic

7.9 Environ

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

Ch) thick when zincsgcoated, 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 thamthat of flat sheet steel having the same dimensions of the barrier ar
ness.

mental rated enclosures

strength and
d having the

7.9.1
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.


https://ulnorm.com/api/?name=UL 1741 2025.pdf

APRIL 22, 2025

UL 1741

31

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) Prg

Exception N
opening is w
66.33.

Exception N
66.31.

7.9.7 ATyp

a)At
7.9.2,

b)An

c) Prg

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-

. 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

tordance 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

7.9.12 A g4

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 the

a) The

b) Al
compd

Excep
when
rated

c) Ing
config

or on & stuffer'sheet.

d) The

be 13 enclosure shall have oil-resistant gaskets and, when intended férywal
all 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

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

hardware, 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

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? (inch?) mm (inch) cm? (inches?)
Slot 3.2 (1/8) 7.74 (0.012) 9.6 (318) 9.68 (1-1/2)
(width) (width)
Square 3.2 (1/8) - 12.7 (1/2) -
(side) (side)
Round 3.2 (1/8) - 12.7 (1/2) -
\d;alllctCl) (\.‘I;alllctcll
Irregular - 7.74 (0.012) - 9768 (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 means. This applies to all springs and other parts which are relied upon for|the intended
mechanical gperation.
Exception N¢. 1: Parts such as bearings and thermal elements forwhich such protection is impracticable.

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 Aunitg

9.2 A switg
turning or sh

Exception: T

a) Th

are not in the equipment grounding conductab 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 thatit is not adversely affected by the vibration of normal 9

h, a fuseholder; ‘or a lampholder shall be securely mounted and shall be pr
fting in its mounting panel.

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

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

e not current-
rotected parts

peration.

evented from

where:

toggle switch

is suhb

jected to forces that tend to turn the switch during normal aperation of the switch,

T

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 Spacmgs Sect|on 26, or Alternate Spacmgs - 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

11.2 To red
uninsulated li

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

a) For
wire s

b) For
space

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

bn of Users — Accessibility of Uninsulated Live Parts

uirements 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 contagtdhat 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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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)
54:8 (2—H2} 444-0 (/2)
q) 762.0 (39)

@ See 11.5.

b Between 25.4/and 54.0 mm, interpolation is to be used to determine a value between values specified'in the table.

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

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

11.4 The pr

bbe illustrated in Figure 11.1 shall be applied to any depthi.that the 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-ahy possible configuratio
configuration shall be changed after insertion throughthe opening.

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

ommodates;
bsition that is
n; and, when

accessibility

provided by &n 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 14.2, when inserted as specified in 11.3 through an g
all not touch any uninsulated live part that involves a risk of electric shock.

f the largest

pening in an
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Figure 11.2
Test Pin

— -— 4
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}
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+0.2 | 4§

S2962 Dimensions in millimeters

11.7 The priobe shown in Figure 11.1 and the-test pin shown in Figure 11.2 are to be insertefl as specified
in 11.3 into dll openings, including those n: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 thesbhottom of a floor-standing unit, the probe and test pin afe only to be
inserted intolopenings that are_accessible without tipping, turning over, or otherwise moving the unit from
its intended installed positioh:

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 an|accessory, to
make an opdrating adJustment to give access to a fuse or other overload protective device ag described in
7.2.1, or for ¢ 8as0o thumb screw,
that is able to be turned by hand does not requwe 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 ar

the back side
by service pe

125 A com
energized sh
metal parts s
risk of electri
Accesstoac

12.6 For an

protection shall be provided against inadvertent contact\with adjacent uninsulated live parts in

of electric shq
to be taken in

a) Log
shock

b)Ag

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

risk of electriq
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 |
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 15Vfms
2. Nonsirjusoidal 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 24.8 V peak 12.4 V|peak
5. Combihations of dc and sinusoidal ac at See Figure 13.1 See Figyre 13.1

frequefcies not greater than 100 Hz
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Figure 13.1

Maximum Voltage
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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
V<729 CO7

V <36
V<23
V<60
V<23
V<30

in which:

C is the capacitance of the capacitor in microfarads, and

7
14 C07

where C <0.00328

where 0.00328 < C < 2.67

where 2.67<C<13.9

where 13.9 < C < 184.5 in a DRY environment
where C = 184.5 in a DRY environment

14 CP’

where 13.9 < C <497 in a WET environment
where C =497 in a WET environment

V is the voltage across the capacitor. The voltage is to bg measured in accordance with 60.1.
Typical calculated values are specified in Table 13.2,<@nd the equation is shown graphically in
Table*13.2
Risk of Electric Shock = Stored Energy Current
Maximum voltage across the capacitor, in volts
Envirbnment 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
+6 729
2.0 449
2.0 449
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
a — Dry Environment
b — Wet Environment
o
§ 367 4
S
9
>
0.00328 2.67 13,9 184,5 497
Capacitance in Microfarads
$3260
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 m¢q
that it does n
electric shoc
Voltage Dete
high current
equation:

b determine whether or not it'involves 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 ofselectric shock or a risk of electrical energy-high current le
exists when the-voltage across the capacitor, determined in accordance w
mination Test, Séection 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=5x10" P’

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

in which:

Jis the stored energy in Joules,

Cisth

e 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 as

sociated 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 th

c) The

Exception No.

a) The

an 5 minutes, and

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

contit
be dig

Exception N¢

a) Th
again

b) Ad

13.2.4 Any
devices that
markings andl

14 Switche

14.1 An ac
those of the

14.2 A prin
and that doe

a) Be

b) Be
14.3 A swit

includes a sV
phases.

'y 1AL, rs 4 H P oltla H
uvuo UvpcCrativrl. vvricird lllUlllGllLaly LyIJU OVWILLIT 1o USTU, IT Lapudulitur Ur Lapydau

charged to levels in accordance with Table 13.2 within 1 minute.

e capacitor terminals and all parts connected to these terminals. are insulat
st contact with these terminals and parts by the serviceman, and

autionary marking in accordance with 67.13 is provided.

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

5 not have an inductive rating, shall:

ch used_to connect a load to various sources or potentials shall be rated for s
vitch used for switching a voltmeter, frequency meter, or power factor meter bet

. 3: The requirement does not apply where:

equipment connecting to a controlled conductor,0f PV source or output cir
instructions in accordance with 101.3 and 102.4.
s and Controls

or dc switch or similar control device shall have current and voltage ratings
ircuit that it controls when the unitjis operated in its intended manner.

ary-circuit switch that controls an inductive load having a power factor less thg

rated not less thamiwice the maximum load current under normal operating con

investigated for.the application.

tor bank shall

ed to protect

uits and has

d provide the

not less than

n 75 percent,

ditions, or

lch use. This

ween 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 load at the full voltage rating of the switch. Each pole of a snap switch rated as a

240-volt, 2-p
prohibited fro
volt, 3-pole s
poles are not

14.7 A 240-
rated for such

14.8 A switd

Exception Nq.

disconnects 4

Exception No
the groundeq
disconnected|

14.9 A bypa
shall comply

Exception: A
not required t

14.10 With

this Standard
switches in th
Equipment, U

m controlling both legs of a single 240-volt load. Each pole of a snap switch¢a
vitch is not prohibited from controlling a separate load not exceeding 139 volis
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 discenhected by a switch that si
Il conductors of the circuit.

conductor is not disconnected until the~tungrounded 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 req
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

oles are not
ed as a 240-
nd 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

b a7 unit switch or circuit breaker is mounted such that movement of the ope

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 4
following tex{

15.1.4 Equ
disconnectin

a) Co

b) En
toina

c) Be

Disconnect &
following tex{

15.2 Provision for locking

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

nsist 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 aperning, and

marked in accordance with 66.21 and 66.27.

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

pment Disconnecting Means: A device\serving the function of the NEC-requir
j means shall:

nsist of a manually operated switCh or a circuit breaker,

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

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

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

uired system

re or located

nect with the

bd equipment

) 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
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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 1

15.3.4 Any
be interlockeq

15.3.5 Alls
required to bg

a) Bar
energ

b) The
15.3.6 Medi
a) Be

b) Prg

and power frequency dielectric’test requirements of this standard;

c) Incl

been g¢stablished;

d) Be
the dis

e) Be
the dif

€ an enclosed 1sofating switch 1S focated INSIde 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

riers 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 thg
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) lIsolating 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 WERLERI Y N RN TalWaVal sl m WY e ml miAY oo .24

(*oP

O

15A Interld

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

drawout isole

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: |
eleme

15A.4 In ag

laal H <l N
LIN, UIN, VLUV U, VT } Ul DyIIIUUIO mraciurudarivc 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
thall also prevent energizing the isolating means unless¢itis in the closed p
ting means is separated by the isolating distance.

n 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
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
inspection orm A A
separate and| distinct operations. Turmng a knob, moving a lever, or removing a smgle pol
shall not be gonsidered sufficient for this purpose. This method shall not be indicated.0n the
may be indicgted in the instruction manual.

15A.7 If proyision is made for a test position, the isolating means shall be interlocked to en
isolating distgnce is established when the drawout (withdrawable) element ,is in the test
control circuiff shall be arranged so that it must be disconnected from the.normal control po
can be conng
interlock in or
being closed

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

15A.8 Door
interlock syst

5 giving access to medium-voltage compartments shall be provided with one of
EMS:

a) An |nterlock that is solely mechanical, that-meets the requirements of 15A.5.
b) An| electromechanical interlock system that combines electrical and mechan
protedtion 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.

a door to a

provided for
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

Interlocks using electronic
devices components evaluated using the Computational Investigation method shall have pri

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

edicted failure

Interlocks using Standard for Software in Programmable Components and or Equipment, UL 1998.
firmware/software

discrete component hardware and non-programmable IC's.

UL 1998 shall

be used in conjunction with Functional Safety standards, such as UL 991, to also evaluate

used, the environmental stress testing as described in UL 991 shall be applied in addition to the requirements of the

Alternate standards may be used in place of UL 1998 and UL 991 for evaluating the unit's functional safety. If other standards are

other

Table 15A.1 Continued on Next Page
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