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INTRODUCTION
1 Scope

1.1

These requirements cover solar trackers intended for installation as fixed trackers which are not

attached to buildings, in accordance with the National Electrical Code, NFPA 70. Trackers intended to be
installed in an area where public access is anticipated shall be evaluated for all mechanical hazards as
defined in this standard. Trackers intended to be installed in an area where public access is restricted by a
fence, secured location, etc. should be evaluated with consideration given to the mechanical hazard
requirements of this standard. These requirements also cover freestanding trackers, which are by design

not required to be mechanically secured in position.

1.2 These
mechanical
have all suit
in accordan
solar device
the tracker’

equirements cover the attachment means of solar devices to the tracker. pla
nd electrical aspects, but do not cover the solar devices themselves. The solar]
ble electrical and mechanical characteristics in order to be attached to the trac
e with this standard. Any solar devices attached to the tracker shall-be comg
standard for safety, and the specific mounting, bonding, and greuhding means
installation manual. Alternatively, the combination of tracker~and solar ds
evaluated in pccordance with this standard and relevant solar device standards, such as, but
the Standard for Flat-Plate Photovoltaic Modules and Panels, UL 1703 for flat plate PV moq
Outline for Cpncentrator Photovoltaic Modules and Assemblies, UL8&703, for CPV modules.

1.3 The tragker and its functions are to be evaluated with respect to risk of electric shoc
and fire hazgrds. Any part of the tracker that is utilized for mechanical support, bonding or grg
solar devices shall comply with the Standard for Mounting Systems, Mounti
Clamping/Rgtention Devices, and Ground Lugs for Use\With Flat-Plate Photovoltaic Module
UL 2703, or as referenced to UL 2703 within the requirements of this standard.

1.4 These fequirements cover solar trackers-intended for use with solar devices with a max

ipment intended-{o:accept the electrical or thermal output from the solar dev
rs, convertersycharge controllers, and batteries;

b) Trgckers installed in hazardous locations;

¢) Mgchanicat-or structural integrity of the tracker under wind conditions, seismic cq
uplift onditions of the tracker base and base to platform connection;

form, in both
devices shall
ker evaluated
liant with the
5 described in
pvice can be
not limited to,
ules, and the

, mechanical
unding of the
ng Devices,
5 and Panels,

imum system

ices, such as

nditions, and

d) Trackers installed in marine, offshore, and/or locations above standing water; and
e) Lightning striking the tracker.

2 Glossary

2.1 For the purpose of this standard, the definitions in 2.2 — 2.48 apply.

2.2 BARRIER — A part inside an enclosure that reduces access to a part that involves
electric shock, injury to persons, or electrical energy-high current levels.

a risk of fire,

2.3 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
permanently connected tracker.

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

2.5 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.

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

2.7 CONVERTER - A device that accepts ac or dc power input and converts it to another form of ac or
dc power. For-the. puUrposes of-this standard and unless otherwise epnr\ifind, 200l |+p| it converers intended

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

28 DC GR
photovoltaic

29 DEAD

connected to
ground during

2.10 DEGR

parts which igpvolve a risk of injury to persons, ingress of foreign ‘'solid objects, and/or ingres

verified by st3

2.11 DISCQO
source, utility

212 ELECIT

The most comqimon example of an EPS is anrelectric utility.

2.13 EMER
which overrid
tracker needs

2.14 ENCL(

a) Th

OUND FAULT DETECTOR/INTERRUPTER - A device that provides p
rrays by detecting a ground fault and interrupting the fault path in the de’circuit.

METAL — An electrically conductive metal part of the tracker which is ng
or is, a source of voltage, and has no electric potential difference with res
the intended operation.

FE OF PROTECTION — The extent of protection provided by an enclosure agai

ndardized test methods.

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

RIC POWER SYSTEM (EPS)<\Equipment or facilities that deliver electric poy

GENCY STOP — A safety' mechanism used to shut off the tracker in an emerge
es all automatic controls and stops the moving of the tracker as quickly as poss
a manual resetto return to an automatic control and moving.

DSURE — A surrounding case constructed to provide a degree of protection agai

b

b

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

persorrs, or

rotection for

t electrically
bect to earth

nst access to
5 of water as

bm a supply,

ver to a load.

ncy situation,
ible, and the

hst:

or injury to

b) The risk of propagation of flame, sparks, and molten metal initiated by an electrical disturbance
occurring within.

2.15 FIELD-WIRING LEAD - A lead to which a supply, load, or other wire is intended to be connected by

an installer.

2.16 FIELD-WIRING TERMINAL — A terminal to which a supply, load, or other wire is intended to be

connected by

an installer.

2.17 FIXED TRACKER — A tracker that is intended to be permanently connected mechanically and
electrically and only able to be detached by the use of a tool.

218 FREESTANDING TRACKER — A tracker that is not intended to be permanently connected

mechanically

and electrically, such as, but not limited to portable (not fixed) floor units.
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219 GROUNDED CONDUCTOR — A system or circuit conductor that is intentionally grounded.

2.20 GUARD - A part outside of the enclosure that reduces access to a component involving a risk of
injury to persons.

2.21

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.

INVERTER — An electronic device that changes dc power to ac power.

ISOLATED CIRCUIT — A circuit having an isolation transformer or isolating components such as

222

2.23
optically or
2.24 1SOLA

its secondar
overload con
core, or betw

electric shock.

2.25 KNOC
removed by
hole for the g

2.26 LIMIT
and the ener

a)Th
b) On

C)Ar

2.27 LIVE
source of vo
ground.

228 LOW-
more than 3(

a) An

' Ll laal ol +
ayrictidaily CUUPICTU UTVIUTS.

TION TRANSFORMER - A transformer having its primary winding elegtrically
y winding and constructed so that there is no electrical connection.—“unde
ditions — between the primary and secondary windings, between the primary wi
een separate adjacent secondary windings, where such connection results in g

KOUT - A portion of the wall of an enclosure so fashionéd 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.

EFD-ENERGY (LE) CIRCUIT — An ac or dc circuit having a voltage not exceedi
gy limited to 100 volt-amperes by:

e secondary winding of a transformer,
e or more resistors complying with, 25.10, or

bgulating network complying'with 25.11.

PART — An electrically .conductive tracker part which is electrically connecte
ltage, and/or during:intended use has an electric potential difference with reg

VOLTAGE LLIMITED-ENERGY (LVLE) CIRCUIT — A circuit involving an ac
volts rms (42.4 volts peak) or a dc voltage of not more than 60 volts and supplig

inherently limited Class 2 transformer or a not inherently limited Class 2 transf

isolated from
r normal and
nding and the
risk of fire or

being readily
hn opening or

ng 1000 volts

d to, or is, a
pect to earth

oltage of not
d by:

pormer and an

over

wrantorat t ) Ao that io-
LAY }JIULUULIVU U VvVILC Uidl 1o.
1) Not of the automatic reclosing type,

2) Trip-free from the reclosing mechanism, and

3) Not readily interchangeable with a device of a different rating or the device is marked in

accordance with 65.6.

b) A combination of an isolated transformer secondary winding and one or more resistors or a
regulating network complying with 25.11 that complies with all the performance requirements for an
inherently 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 tracker that is isolated from the primary circuit, and one or more
resistors or a regulating network complying with 25.11.
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2.29 MACHINE SCREW - A threaded fastener which is utilized with a threaded nut or internal threads in
a material, to provide a clamp load on the mechanical joint being fastened. See ANSI/ASME B18.6.3 for
illustrations of the various types of machine screws.

2.30 MANUFACTURER-SPECIFIED EXTERNAL ISOLATION TRANSFORMER - A manufacturer-
specified isolation transformer that is external to the product, but which is always required for proper
operation of the product. For example, when an isolation transformer is required to prevent circulating
ground current in installations that have a grounded conductor in the ac or dc input power circuit.

2.31 MAXIMUM SYSTEM VOLTAGE - The open-circuit voltage (Voc) of the photovoltaic module or
panel multiplied by the temperature correction factor specified in Article 690.7 of the National Electrical

Code, ANSI/

FPA 70 for crystalline and multi-crystalline silicon photovoltaic modules and

panels. The

maximum sy§
panels.

2.32 OPEN

tem voltage is equal to the Voc for amorphous silicate and thin film photovoltaie

CIRCUIT VOLTAGE (Voc) — The maximum no load output voltage of. @ photov

or panel at st@ndard test conditions (STC). See 2.45.

2.33 PERM
other than a s

2.34 PLATH

2.35 PRESS
more condud

ANENTLY CONNECTED TRACKER - A tracker connected to_the electrical sup
upply cord and an attachment plug.

BURE TERMINAL CONNECTOR - A terminalthat accomplishes the connect
tors by means of pressure without the.use of solder. Examples of press

connectors afe:

(ORM — The portion of the tracker to which the solardevices are directly attached.

modules and

bltaic module

bly by means

on of one or
ure terminal

a) Barfel and setscrew type,

b) Crimp-type barrel, or

c) Clamping plate and screw type:
2.36 PRIMARY CIRCUIT — Wiring*and components that are conductively connected to a brgnch circuit.
2.37 RISK PF ELECTRICAL ENERGY- HIGH CURRENT LEVEL — The capability for damage to
property or ipjury to persons, other than by electric shock, from available electrical engrgy existing
between a live part and an adjacent dead metal part or between live parts of different polarity] where there
is a potential pf 2 velts or more and:

a) An available continuous power level of 240 \/nlf-nmpnrne ormore, or

b) A reactive energy level of 20 joules or more.

For example, a tool, or other metal, short-circuiting a component that is able to result in a burn or a fire
when enough energy is available at the component to vaporize, melt, or more than warm the metal.

2.38 SAFETY CIRCUIT — Any primary or secondary circuit that is used to reduce the risk of fire, electric
shock, injury to persons, or electrical energy - high current levels. A safety interlock circuit, for example, is
a safety circuit.

2.39 SAFETY INTERLOCK — A means relied upon to reduce the accessibility to an area that involves a
risk of electric shock, electrical energy - high current levels, or injury to persons until the risk has been
removed, or to automatically remove the risk when access is gained.


https://ulnorm.com/api/?name=UL 3703 2025.pdf

APRIL 22, 2025 UL 3703 1

2.40 SECONDARY CIRCUIT — A circuit supplied from a secondary winding of an isolation transformer.

241 SERIES CHARGE CONTROLLER - A control element for battery charging that is in series with a
photovoltaic array and a battery. The control element usually operates in an on/off mode, a pulse-width
modulated (PWM) mode, or a linear control mode. The control element is usually a solid state switching
device or a mechanical relay.

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

243 SOLAR TRACKER - A controlled moveable supporting system for solar devices, single or dual
axiS, which follows—the. ellnlighf to increase. power—-ol |+p||f from-solar-devices—mounted-to, the tracker’s
platform. Fof the purposes of this standard the solar tracker is an assembly, and will-he referred to
throughout this document as a “tracker”.

2.44 STAND-ALONE INVERTER - An inverter intended to supply a load and(does not grovide power
back to the e]ectric utility.

2.45 STANPARD TEST CONDITIONS (STC) — Test conditions consisting.of:
a) 1000 W/m? irradiance,
b) AM 1.5 solar spectrum, and

¢) 259C (77°F) cell temperature.

246 STOW — A position the tracker moves to wheh adverse weather conditions (e.g., high wind, heavy
snow or hail)] are present or expected so that the(excessive loads that might damage the tracker or solar
devices can pe reduced. Not all trackers have a'stow function, and the exact position may vary depending
on the trackegr design. It is possible that oné.tracker have multiple stow positions. For example, the front
surface of the tracker could face up horizentally for high wind, or as vertical as possible for snow or hail.

2.47 TOOL — A screwdriver, cain; key, or any other object that is usable to operate a sdrew, latch, or
similar fasterjing means.

2.48 UTILITY-INTERACTIVE INVERTER — An inverter intended for use in parallel with an|electric utility
to supply common loads and sometimes deliver power to the utility.

3 General

3.1 Components

3.1.1 Except as indicated in 3.1.2, a component of a tracker or product covered by this standard shall
comply with the requirements for that component. See Appendix A for a list of standards covering
components commonly used in the trackers or products covered by this standard.

3.1.2 A component is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the tracker
or product covered by this standard, or

b) Is superseded by a requirement in this standard.

3.1.3 A component shall be used in accordance with its rating established for the intended conditions of
use.
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3.1.4 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.

3.2 Units of measurement

3.2.1
approximate i

nformation.

3.3 References

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

3.3.1 Any updated-referenceto—a—code-or-standard-appearing-in-thereqtairements-of this-sfandard shall
be interpreted as referring to the latest edition of that code or standard.

CONSTRUCTION

4 Electrical Enclosure

41 Genera

4.1.1 System components shall be provided within an enclosuré that houses all current-carrying parts.

The enclosur
from forces e
with the requ
applicable en

412 Thec
during norma

4.1.3 A part
requirements

414 Anen
for the respeg

4.1.5 Sheet

and thread f:r

threads of sc

e shall protect the enclosure’s internal electrical ‘eomponents against mechar
kternal to the enclosure. The parts of the enclosure that are required to be in pl3
irements to reduce the risk of fire, electric_shock, injury to persons shall con
Closure requirements specified in this standard.

nassis and/or supporting frame insidé’an enclosure shall not be relied upon to
operation.

such as a dial or nameplatg that is a part of the enclosure shall comply with t

Closure shall comply:with Environmental Rated Enclosures, Section 4.9, or the
tive Type in the"Standard for Enclosures for Electrical Equipment, UL 50.

metal screw thread form shall not be used. Machine screws, self-tapping mag
rming. machine screws are to be utilized in sheet-metal when there are at
ew.engagement.

ical damage
ce to comply
hply with the

carry current

he enclosure

requirements

hine screws,
east two full

4.2 Access

4.21

covers

For an enclosure 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 an enclosure when it is required to open the cover in connection with normal operation of the
tracker. 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 when the cover is open.

Exception No. 1: A cover is not required to be provided with a hinge when the only overload-protective
devices enclosed are:

a) Supplementary types in control circuits and the protective device and the circuit loads are within
the same enclosure,
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b) Supplementary types rated 2 amperes or less for loads not exceeding 100 volt-amperes,
c¢) Extractor fuses having an integral enclosure, or

d) Protective devices connected in a low-voltage, limited-energy (LVLE) circuit.

Exception No. 2: A cover is not required to be provided with a hinge for an enclosure that contains no
user-serviceable or -operable parts and which is provided with a marking in accordance with 65.5.

4.2.2 With reference to 4.2.1, a door or cover giving access to a fuse shall comply with the requirements
for doors and covers, in the Standard for Industrial Control Equipment, UL 508.

4.3 Cast meetal enclosures

—_

4.3.1 The thickness of cast metal for an enclosure shall not be less than indicated inf Table 4.1.

Exception: Gast metal of lesser thickness is usable where the enclosure complies with Compression Test,
Section 48.

Table 4.1
Thickness of cast-metal encloslires
Minimum thickness, mm (in¢h)
Cast metal other than
Use, or dimension of area involved Die-cast metal die-gast type

Area of 154.8 ¢m? (24 in?) or less and having no dimension greater 1.62 (1/16) 3.2 (1/8)
than 152 mm (p inches)

Area greater tHan 154.8 cm? (24 in?) or having any dimension 2.4 (3/32) 3.2 (1/8)
greater than 1$2 mm (6 inches)

At a threaded ¢onduit hole 6.4 (1/4) 6.4 (1/4)
At an unthreaded conduit hole 3.2 (1/8) 3.2 (1/8)

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

4.4 Sheet metal enclosures

4.4.1 The thickness 0of a sheet-metal enclosure shall not be less than that specified in Table 4.2 and
Table 4.3; hgweversuncoated steel shall not be less than 0.81 mm (0.032 inch) thick, zing-coated steel

shall not be |ess\than 0.86 mm (0.034 inch) thick, and nonferrous metal shall not be less tran 1.14 mm
(0_045 inch) thick at points at which a wiring system isto bhe connected

Exception: Sheet metal of lesser thickness is usable where the enclosure complies with Compression
Test, Section 48.

4.4.2 With reference to Table 4.2 and Table 4.3, a supporting frame is a structure consisting of angles,
channels, or folded rigid sections of sheet metal that is rigidly attached to and has similar outside
dimensions as 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 one built with a frame of angles or channels. Compliance of this requirement is to be
determined by Compression Test, Section 48.
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Table 4.2
Thickness of sheet metal for enclosures, carbon steel or stainless steel

Without supporting frame?

With supporting frame or equivalent
reinforcing?

Minimum thickness, mm (inch)

Maximum width,®

Maximum length,®

Maximum width,°

Maximum length,®

cm (inch) cm (inch) cm (inch) cm (inch) Uncoated Coated
10.2 (4.0) Not limited 15.9 (6.25) Not limited 0.51¢ (0.020) 0.58¢ (0.023)
121 (4.75) 14.6 (5.75) 171 (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 0.81 (0.032) 0136 (0.034)
22.9 9P) 29.2 (11.5) 33.0 (13.0) 40.6 (16.0)
31.8 (13.5 Not limited 49.5 (19.5) Not limited 1.07 (01042) 1.14 (0.045)
35.6 (14.0 457 (18.0) 53.3 (21.0) 63.5 (25.0)
45.7 (1810) Not limited 68.6 (27.0) Not limited 1.35 (0.053) 142 (0.056)
50.8 (20{0) 63.5 (25.0) 73.7 (29.0) 914 (36.0)
55.9 (220) 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 (2510) Not limited 99.1 (39.0) Not limited 1.70 (0.067) 1.18 (0.070)
73.7 (290) 91.4 (36.0) 104.1 (41.0) 129.5 (51.0)
83.8 (3310) Not limited 129.5 (51.0) Not limited 2.03 (0.080) 2.13 (0.084)
103.4 (38]00 119.4 (47.0) 137.2 (54.0) 167.6 (66.0)
106.7 (4210) Not limited 162.6 (64,0) Not limited 2.36 (0.093) 246 (0.097)
119.4 (4710) 149.9 (59.0) 172.7 (68.0) 2134 (84.0)
132.1 (5200) Not limited 203.2 (80.0) Not limited 2.74 (0.108) 2.2 (0.111)
152.4 (60{0) 188.0 (74.0) 2134 (84.0) 261.6 (103.0)
160.0 (6310) Not limited 246.4 (97.0) Not limited 3.12 (0.123) 3.20 (0.126)
185.4 (730) 228.6 (90.0) 261.6 (103.0) 3226 (127.0)
2See 4.4.2andp.4.3.
® The width is th smaller dimension of a rectangular sheet metal piece that is part of an enclosure. In some cases, adjacent
surfaces of an enclosure havelsupports 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 usé:
9 Sheet steel forfan énlosure intended for outdoor use shall not be less than 0.86 mm (0.034 inch) thick for coated netal and not
less than 0.81 mim(B-632-inch)-thick-for-tincoated-metat:
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Table 4.3
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®, Minimum 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 25.4 (10.0) Not limited 0.74 (0.029)
12.7 (5.0) 15.2 (6.0) 267 (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 (250)
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)
45.7 (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)
73.7 (29.0) 91.4 (36.0) 162.6 (6450). 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)
1321 (52.0) Not limited 3124 (123.0) Not limited 3.89 (0.152)
1524 (60.0) 188.0 (74.0) 330.2 (130.0) 406.4 (160.0)
See4.4.2an¢l 4.4.3.
® The width is the smaller dimension of a rectanguilar sheet metal piece that is part of an enclosure. In some cases, jadjacent
surfaces of an fenclosure have supports in comnion and are made of a single sheet.
¢ "Not limited" §ipplies only where the edgde of the surface is flanged at least 12.7 mm (1/2 inch) or fastened to adjacent surfaces
not normally rgmoved in use.
9 Sheet coppel), brass, or aluminufn for an enclosure intended for outdoor use shall not be less than 0.74 mm (0.029 inch) thick.
4.4.3 With referenceyto 4.4.2 and Table 4.2 and Table 4.3, a construction does not have| a supporting
frame when it is:

a) Anlenclosure formed or fabricated from sheet metal

b) A single sheet with single formed flanges or formed edges,

c) A single sheet that is corrugated or ribbed, or

d) An enclosure surface loosely attached to a frame, for example, by spring clips.

4.5 Nonmetallic enclosures

451 A polymeric enclosure or polymeric part of an enclosure shall comply with the requirements in the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C. See 4.5.3.

Exception: A polymeric enclosure which complies with the Standard for Enclosures for Electrical
Equipment, UL 50, is not required to be investigated for compliance with UL 746C.
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4.5.2 Where an electrical instrument, such as a meter, forms part of the enclosure, the face 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 — Panel Board Types,
UL 1437, complies with this requirement.

4.5.3 The requirementin 4.5.1 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
not gi
shock

c) The
part is
closer

d) The
forms

Exception: A
the flammabi

454 A non
Polymeric En
Equipment, U

4.6 Openin

4.6.1 Glass
displaced in s

46.2 Glass

a) Nof
thick,

part is made of a material Classed V-0, V-1, V-2, or HB and covers an opénin
e access to the user, when the part is removed, to live parts involving @ risk o
or electric energy-high current levels or moving parts.

part covers an opening that has no dimension greater than 1016 mm (4 inc
made of a material Classed as V-0, V-1, V-2, or HB, and there jis no source of
than 4 inches from the surface of the enclosure, or

part is made of a material Classed V-0, V-1, V-2, or HB/and there is a barrier or
A barrier made of a material Classed V-0 between the part and a source of a risk

part of a component is not required to be Classed V-0, V-1, V-2, or HB when it (
ity requirements applicable to the component;;See Components, Section 3.1.

metallic enclosure intended for connection to a rigid conduit system shall cor
closure Rigid Metallic Conduit Connection Tests in the Standard for Enclosures
L 50.

hs covered by glass

covering an opening'shall comply with 4.6.2, shall be secured in place so that it
ervice, and shall provide mechanical protection for the enclosed parts.

for an opening:

j which does
f fire, electric

hes) and the
a risk of fire

a device that
of fire.

omplies with
nply with the

for Electrical

is not readily

more‘than 102 mm (4 inches) in any dimension shall not be less than 1.6 mm (1/16 inch)

b) Glass for an opening other than described in (a) and not more than 929 cm? (144 square inches)
in area and having no dimension greater than 305 mm (12 inches), shall not be less than 3.2 mm

(1/8in

ch) 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) diameter, 535
gram (1.18 pound) steel sphere without cracking or breaking to the extent that a piece is

dislodged from its normal position.
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4.7 Openings for wiring system connections

4.7.1 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.

4.7.2 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 englosure shall comply with the Standard for Conduit, Tubing, and Cable Fittingss UL 514B.

4.7.3 A kngckout in a sheet-metal enclosure shall be secured and shall be remoévable without undue
deformation pf the enclosure.

4.7.4 A knpckout shall be provided with a flat surrounding surface_so a conduit byshing of the
corresponding size seats as intended. A knockout intended to be used,for installation purpgses, shall be
located so thiat installation of a bushing does not result in spacings between uninsulated live|parts and the
bushing of leps than required in Spacings, Section 20.

4.7.5 In mgasuring a spacing between an uninsulated live\part and a bushing installed in @ knockout as
specified in 4.7.4, it is to be assumed that a bushing having the dimensions specified in Table 4.4 is in
place, in conjunction with a single locknut installed on the outside of the enclosure.

Table 4.4
Knockout or hole sizes and dimensions of bushings
Trade size of Bushing dimensions
conduit, Knockout or holédiameter Overall diameter Height
Inch mm (inch) mm (inch) mm (inch)
12 22.2 (718) 25.4 (1 9.5 (3/18)
3/4 278 (1-3/32) 314 (1-15/64) 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) 12.7 (4-7/16) 23.8 (15/16)
4 17.5 (4-5/8) 126.2 (4-31/32) 254 (1)
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)

4.7.6 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
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conduit bushing installed at any location on the enclosure. Permanent marking on the enclosure, a
template, or a full-scale drawing furnished with the enclosure is usable to limit such a location.

4.7.7 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 gr a standard
knockout seal shall be used. Such plates or plugs shall be securely mounted.

4.7.8 An ogening in an environmental rated enclosure shall be closed with components having the
applicable enyironmental ratings as specified in Table 4.5.

Table 4.5
Openings in environmental rated enclosures
Enclosure Type Openings shall be closed by componeénts 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, 18
13 13

4.8 Openings for ventilation

4.8.1 General

4.8.1.1 Enclosures shall be constructed to protect against the emission of flame, molten metal, flaming or
glowing particles, or flaming drops from the enclosure.

4.8.2 Ventilation openings in enclosure bottoms

4.8.2.1 The requirement in 4.8.1.1 necessitates a complete noncombustible bottom or a construction
employing individual noncombustible barriers as specified in Figure 4.1, 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 enclosure onto the supporting surface or other locations under the
enclosure. An example of a baffle that meets the intent of this requirement is illustrated in Fiqure 4.2.
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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 4.6, 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).

Exception No. 4: Ventilation openings without limitation on their size and number that comply with 8.7
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 greas 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 4.8.5.
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Figure 4.1

Baffle plates

HB110A

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 4.1) 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 4.6
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'mm? (1 inch?)
0.89 (0.035) 1.90 (0.075) 3.18 (0.125)
0.91 (0.036) 1.60 (0.063) 2077 (0.109)
0.91 (0.036) 1.98 (0.078) 318 (0.125)
0.99 (0.039) 1.60 (0.063) 277 (0.109)
0.99 (0.039) 2.00 (0.079) 3.00 (0.118)

Figure 4.2

Example of baffle overlap

2X and not less
than 25 mm

Baffle plates (either above

/:(i below bottom of fire enclgsure)

Bottom of fire enclosurey

—i| < f——

SB0855

4.8.3 Openings in enclosure tops

4.8.3.1 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 4.3, or

c) Be constructed to provide equivalent protection against the entry of foreign objects.
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Figure 4.3

Cross sections of top-cover design

—

SLANTED OPENINGS

HHH

EGS00 VERTICAL OPENINGS

4.8.4 Openings in enclosure sides
4.8.4.1 Alotiver shall not be more than-305 mm (12 inches) long.

4.8.4.2 Thelarea of an opening ¢overed by louvers, perforated sheet steel, or by expanded-metal mesh
that is thinnerthan the enclosureshall not exceed 0.129 m? (200 square inches).

4.8.5 Expanded metalimesh and screens

4.8.5.1 Thelthickness' of perforated sheet steel and sheet steel employed for expanded-metal mesh used
to cover an o;l)ening in the enclosure shall comply with of Table 4.7.

Exception: Thicknesses less than specified in Table 4.7, and not less than specified in Table 4.8 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 20, or Alternate Spacings-
Clearances and Creepage Distances, Section 21, 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 4.7
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 4.8
Minimum thickness of expanded metal mesh
Uncoated, Zinc coated,
mm (inch) mm (inch)
0.51 (0.020) 0.61 (0.024
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4.9.1

Type number or numbers with which it is marked.

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

4.9.2 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.

4.9.3 Type 3, 3R, and 3S enclosures shall comply with the Rain and Sprinkler Tests, Section 49.

4.9.4 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 64.27.

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

64.25.

4.9.5 AType 3 enclosure shall have:

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

4.9.2,

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

c) Pro

Exception: A

4.9.6 AType 3R enclosure shall have:

a) A th
4.9.2,

b) Pro

c) Pro

Exception Ng
opening is wH
64.27.

Exception Ng
64.25.

4.9.7 AType 3S enclosure shall have:

a) A th
4.9.2,

b) A n

c) Pro

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

conduit hub or fitting is not required when information is provided in accerdance

readed conduit hub or the equivalent for a watertight connection at conduit ent

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 condu
olly below the lowest terminal lug or other live part intended for use within the er

. 2: A conduit hub or fitting is.not required when information is provided in acd

readed conduit hub or the equivalent for a watertight connection at conduit ent

ounting means external to the equipment cavity,

Visionfor locking a door, when a door is provided, and

with 64.25.

rances — see

it connection
closure. See

ordance with

rances — 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

extern

al mechanisms.

Exception: A conduit hub or fitting is not required when information is provided in accordance with 64.25.

4.9.8 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 ca

Exception No. 1:

information is

vity — see 4.9.2.

The watertight conduit connection is not required to be mounted in
provided in accordance with 66.2.4.

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 66.2.6.

4.9.9 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 64.28.

4.9.10 A Type 12K enclosure is to be as specified in 4.9.9, unless it has knockouts located in the top or

bottom walls

or-both-

4911 ATy

mounting, shall have a mounting means external to the equipment cavity. There shall H

knockout or
provisions fo

4912 Ag

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

pe 13 enclosure shall have oil-resistant gaskets and, when intended_for, Wa

Linsealed opening providing access to the equipment cavity. All conduit openin
[ oil-tight connections.

hsket of an elastomeric or thermoplastic material or a composition gaske

| or machine
e no conduit
gs shall have

t utilizing an
AX, 6, 6P, 11,

12, 12K, or 1B enclosure shall comply with the Gasket Tests, Section/43, in the Standard for Enclosures for
Electrical Equipment, UL 50.
4.9.13 Whgn a component, such as a pilot light, a disconnect, a pushbutton, or similay component,
intended for Lise with a Type designated environmental ghclosure is used with a specific Typé enclosure, it
shall meet the following:
a) The component has been evaluated forits intended use installed on a representatiye enclosure.
b) Alllhardware, gaskets, or other parts required to complete the installation are proyided with the
comppnent.
Exception: Hardware, gaskets, or other parts are not required to be provided with the component
when|they are available<from the component manufacturer in the form of a kit and are marked or

rated
c) In
config
oron

d) Th

for the application.

uration,-and similar information, are provided on the component, in the compor
a stuffer-sheet.

b\'component, its carton, or accompanying instruction sheet shall be marked or|

stallation instructions including such information as mounting hole locafion, opening

ent package,

rated for use

ona

at surface of the specific type enclosure in the construction.

4.9.14 A drain hole shall be provided on all enclosures 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 4.9.

Exception: An enclosure that has been subjected to the Rain and Sprinkler Tests, Section 49, is not
required to be provided with a drain hole where no water enters the fixture.
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Table 4.9
Size of drain holes

Minimum dimension Minimum area Maximum dimension Maximum area
Opening 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 3.2 (1/8) - 12.7 (1/2) -

(side) (side)
Round 3.2 (1/8) - 12.7 (1/2) -

{diarmetery {diarmetery

Irregular - 7.74 (0.012) - 9768 (1-1/2)

5 Protection Against Corrosion

5.1 The profection against corrosion requirements in this Section apply to components within electrical
enclosures. Hor other parts of the tracker, the requirements from Sections 10 and 19 of the|Standard for
Mounting Sygtems, Mounting Devices, Clamping/Retention Devices, and Ground Lugs for Use With Flat-
Plate Photovaltaic Modules and Panels, UL 2703, and the applicable UL 2703 tests shall be applied.

5.2 Iron and steel parts shall be protected against corrosion:by*enameling, galvanizing, plating, or other

equivalent mI;a
the intended

ns. This applies to all framing, fasteners, springs and other parts which are rglied upon for
echanical operation.

Exception No} 1: Parts such as bearings and thermalelements for which such protection is inypracticable.

Exception Nd 2: Small minor parts of iron or Steel such as washers, screws, or bolts that aré not current-
carrying and are not in the equipment grouriding conductor path, when corrosion of such unprptected parts
does not result in a risk of fire, electric shoek, or injury to persons.

Exception No| 3: Parts made of 300-series stainless steel.

6 Mechanigal Assembly

6.1 The meghanical-assembly requirements in this Section are for electrical enclosures. For other parts
of the tracker| the reguirements from Section 6 of the Standard for Mounting Systems, Mounting Devices,
Clamping/Retention Devices, and Ground Lugs for Use With Flat-Plate Photovoltaic Moduleq and Panels,
UL 2703, andLthe applir‘nhlp Ul 2703 tests shall he applipd

6.2 A tracker shall be assembled so that it is not adversely affected by the vibration of normal operation.

6.3 A switch, a fuseholder, or a lampholder shall be securely mounted and shall be prevented from

turning or shifting in its mounting panel.

Exception: The requirement that a switch be prevented from turning or shifting does not apply where:

a) The switch is a plunger, slide, or other type that does not rotate when operated. A toggle switch
is subjected 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,
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¢) Spacings are not reduced below the minimum specified in Spacings, Section 20, or Alternate
Spacings-Clearances and Creepage Distances, Section 21, when the switch rotates, and

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

6.4 With reference to 6.3, 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 appli

ed as intended shall be used.

7 Mounting

7.1 Provisi

n shall be made for securely mounting a tracker in position. Bolts, screws

r other parts

used for mo
base, or pan

Exception: A
46.

7.2 When the tracker mounting instructions specify mounting hardware that is not rea

commercially

7.3 Forend
accommodat
screw does
those specifi
Section 21.

8 Protectid

8.1
service pers(

8.2 To redlice the potential foriunintentional contact that involves a risk of electric s

uninsulated |
moving part;

a) Fo
shall

b) Fo

inting a tracker shall be independent of those used for securing components

Bl

provision for mounting is not required for a freestanding tracker. See-Stability

, the manufacturer shall provide the hardware with the tracker.

losures, a keyhole slot for a mounting screw shall be‘provided with at least one
ion of a permanent mounting screw. A keyhole slot shall be arranged so that a
not project into a compartment containing eléctrical parts and reduce spacing
ed in Spacings, Section 20, or Alternate Spacings — Clearances and Creepa

n of Users — Accessibility of Uninsulated Live Parts

The requirements in this Section apply to a part that is accessible to the user. For

!

nnel, see Protection of Service Personnel, Section 9.

ve part or film-céated wire; electrical energy-high current levels; or injury to p
an opening in anenclosure shall comply with (a) or (b):

an opening-that has a minor dimension (see 8.5) less than 25.4 mm (1 inch), th
hot be contacted by the probe illustrated in Figure 8.1.

amopening that has a minor dimension of 25.4 mm (1 inch) or more, the part o

to the frame,

Test, Section

dily available

ound hole for
vall-mounting
5 to less than
e Distances,

protection of

ock from an
rsons from a

e part or wire

wire shall be

spac

dfromrthe opening as specified i Tabie 8.1-


https://ulnorm.com/api/?name=UL 3703 2025.pdf

28

UL 3703

APRIL 22, 2025

Figure 8.1

Accessibility probe

35— | APPROX— | 1
RADIUS 0 N 50
N 58—
[§§ o
05 |
secton | ||
A-A =
057 NI,

I
L

|

1]
i
o

)

254
/ 05 [\ @
A N
50 |
|
| 215 —
|
254 —
&z ) &z )
78

pa100a

234

ALL DIMENSIONS IN MILLIMETERS


https://ulnorm.com/api/?name=UL 3703 2025.pdf

APRIL 22, 2025

UL 3703

29

Table 8.1

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)
64-6 22} 444-0 2

(c) 762.0 (30)

2See 8.5
b Betweel

¢ More th

1 25.4 and 54.0 mm, interpolation is to be used to determine a value between values spéecified in the

n 54.0 mm, and not more than 152.0 mm (5.98 in).

table.

8.3 The prg
shall be rota
required to ¢
required, the

8.4 The prq
provided by
applied with

8.5 With r¢
cylindrical pr

8.6 The teg

enclosure, shall not touch any uninsulated live part that involves a risk of electric shock.

fed or angled before, during, and after insertion through‘the opening to any p
xamine the enclosure. The probe shall be applied in~any possible configuratio

an opening, and not as an instrument tocinvestigate the strength of a materi
h maximum force of 4.4 N (1 pound).

ference to 8.2, the minor dimension of an opening is equal to the diameter
bbe that is able to be inserted through the opening.

be illustrated in Figure 8.1 shall be applied to any depth that the opening accom

configuration shall be changed after insertion throdghthe opening.

modates; and
psition that is
n; and, when

be specified in 8.3 shall be used as a measuring instrument to investigate the¢ accessibility

t pin illustrated in Figure 8.2, when inserted as specified in 8.3 through an g

al; it shall be

bf the largest

pening in an
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Figure 8.2
Test pin

— - 4

+0
20 - ] 5_ 0. ™

+0
— 3 _0.05

-
—

+0.2

S2962 Dimensions in milllmeters

8.7 The prope shown in Figure 8.1 and the'test pin shown in Figure 8.2 are to be inserted ap specified in
8.3 into all openings, including those in the bottom of the enclosures. The enclosure is to be positioned so
that the entird bottom is accessible forinsertion of the probe.

8.8 During the examination ofta\tracker to determine compliance with 8.2 through 8.7, & part of the
enclosure that is able to be gpéenéd or removed by the user without using a tool (to attach an accessory, to
make an opefating adjustment; to give access to a fuse or other overload protective device ag described in
4.2.1, or for dther reasens)'is to be opened or removed. A fastener, such as a slotted-head thumb screw
that is able to|be turned by hand, does not require the use of a tool.

9 Protectiori of Service Personnel

9.1 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 tracker is energized. For requirements covering protection of users, see Protection of Users —
Accessibility of Uninsulated Live Parts, Section 9.

9.2 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.

9.3 Anuninsulated 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
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lubricating a motor, adjusting the setting of a control with or without marked dial settings, resetting a trip
mechanism, or operating a manual switch.

9.4 Live parts involving a risk of electric shock or electrical energy-high current levels and located on the
back side of a door shall be guarded or insulated to protect against unintentional contact with live parts by
service personnel.

9.5 A component that requires examination, resetting, adjustment, servicing, or maintenance while
energized shall be located and mounted with respect to other components and with respect to grounded
metal parts so that it is accessible for electrical service functions without subjecting service personnel to a

risk of electric shock, electrical energy-high current levels, or injury to persons by adjacent moving parts.

Access to a

9.6 Foran
protection s
of electric sh

to be taken i
a) Lo
shock
b) A g

9.7 AliveN

risk of electri
guarded to ¢
with 65.4.

Exception: T
9.8 A movi

operations n
the moving p

9.9 Reduct
control comy

panel in the ¢

10 Electrid

djustment that is to be made with a screwdriver or similar tool when the tracker
Il be provided against inadvertent contact with adjacent uninsulated live parts ipvolving a risk

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

cation of the adjustment means away from uninsulated live_parts involving a 1
,or

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

eat sink for a solid-state component, a live relay~frame, and similar componen
Ccal shock or electrical energy-high current levels, which is mistakable for dead n
rotect against unintentional contact by service personnel or shall be marked i

his requirement does not apply to a heat sink mounted on a printed wiring board
ng part that involves a risk(@f injury to persons and that must be in motion g
bt involving the moving (part shall be located or protected against unintentiona
arts.

on of the risk of-electric shock and injury to persons is able to be accomplisheq
onents so that. Unimpeded access to each component is provided by an ac

uter cabinet:

Shock

is energized,

attempted is

isk of electric

s, involving a
hetal, shall be
h accordance

uring service

| contact with

by mounting
ess cover or

10.1 Voltage

10.1.1
voltage of an

accessible live part involves a risk of electric shock.

The requirements described in 10.1.2 — 10.2.2 are to be used to determine whether or not the

10.1.2 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 10.1.
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Table 10.1
Risk of electric shock — maximum voltage

Voltage type

Outdoor-use trackers (high potential for wet contact —

immersion not included)

Sinusoidal ac
Nonsinusoidal ac
Pure dc

DC interrupted at a rate of 10 to 200 Hz

15V rms
21.2'V peak
30V
12.4 V peak

A S

Combinations of dc and sinusoidal ac at frequencies not
greater than 100 Hz

See Figure 10.1

Figure 10.1

Maximum voltage
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I
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S
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10.2 Stored energy

10.2.1 The capacitance between capacitor terminals that are accessible as determined in accordance
with Protection of Users — Accessibility of Uninsulated Live Parts, Section 8, and Protection of Service
Personnel, Section 9, shall satisfy the following expressions:

V < 40,000

V <729 C%7
V < 367

V <2314 C07
V <60

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

V <2314 CP7
V <30

in which:

C is the capacitance of the capacitor in microfarads, and

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 be measured in accordarice with 51.1.
Typical calculated values are specified in Table 10.2,<and the equation is shown graphically in

Figurg 10.2.

Table*10.2
Risk of electric shock= stored energy current
Maximum voltage acro$s the
Environment Capacitance in microfarads capacitor, in volts peak
0.00328 or less 40,000
0.005 29,749
0.01 18,313
0.02 11,273
Wet or Dry 0.05 5,936
0.1 3,654
0.2 2,249
0.5 1,184
40 729
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 10.2
Voltage limits across capacitors
a — Dry Environment
b — Wet Environment
L
§ 367 4
S
9
>
0.00328 2.67 %339 184,5 497
Capacitance in Microfarads
$3260
10.2.2 With|reference to 10.2.1, a part_involving a potential of more than 40 kilovolts peak shall be

investigated t

10.2.3 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 oftelectric shock or a risk of electrical energy-high current le
exists when the-voltage across the capacitor, determined in accordance w
mination Test, Séection 51, exceeds the limits specified in 10.1.2. A risk of elec
level exists "When the stored energy exceeds 20 joules as determined by

J=5x10"¢cr*

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

in which:

J is the stored energy in Joules,

C is the capacitance in microfarads, and

V is the voltage determined in accordance with Capacitor Voltage Determination Test, Section 51.

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 10.2.1 and is
less than 5 minutes, and

c) The tracker is marked as specified in 65.10.

Exception No. 2: The requirement does not apply where:

a) The tracker is marked in accordance with 65.11, and

b) The tracker 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
11 Switcheg

1.1 An ac
those of the

11.2 A prim
and that doe

a)Be
b) Be
11.3 A swit

includes a sy
phases.

114 A swit
duty rating.

'y IW.V/N rs 4 H Py oltla H A
uvuo UvpcCratiuri. vvricird lIlUlllUllLaly LyIJG OWILLIT 1o UoTU, T Lapudadultur Ur vLapydau

charged to levels in accordance with Table 10.2 within 1 minute.

. 3: The requirement does not apply where:

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 65.12 is provided.
s and Controls

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

ary-circuit switch that controls an induetive load having a power factor less tha
5 not have an inductive rating, shall:

rated not less than twice the.maximum load current under normal operating con

investigated for the application.

ch used to conneet’a'load to various sources or potentials shall be rated for s
vitch used for switehing a voltmeter, frequency meter, or power factor meter bet

ch or ather device controlling a relay coil, solenoid coil, or similar coil load shal

tor bank shall

ed to protect

not less than

n 75 percent,

ditions, or

uch use. This
ween various

have a pilot-

Exception: A

device as described in 11.5 is not required to have a pilot duty-rating.

11.5 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 accordanc

e with Table 11.1 are in compliance with this requirement.
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Table 11.1
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)

11.6 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

11.7 A 240-

rated for such
11.8 A switd

Exception Nq.
disconnects 4

Exception No
the groundeq
disconnected|

11.9 Abypa

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.

bolt or 250-volt snap switch used in a circuit involving more than 420 volts to gr
use.

h shall not disconnect the grounded conductor of a circuit,
1: The grounded conductor is able to be disconhected by a switch that si
Il conductors of the circuit.

conductor is not disconnected until the~tingrounded conductors of the circuj

5s switch or maintenance bypass.used to connect the load directly to the bypass

comply with tihe Standard for Transfer Switch. Equipment, UL 1008.

11.10 With reference to the Exception'to 11.9, a solid-state switch shall comply with the red

this standard

switches in th
Equipment, U

11.11  Wher
between the
position shall

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.

b a trackeriswitch or circuit breaker is mounted such that movement of the ope

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

source shall

uirements in
Llirements for
strial Control

rating handle

bn paosition and off position results in one position being above the other position, the upper

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,

¢) A rotationally-operated switch, or

d) A rocker switch.

11A Controllers and Control Systems

11A1

a) Requirements in Sections 4 — 29 and Section 36 in this standard; or

Controllers and control systems for solar tracker applications shall comply with either the:
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b) Standard for Electrical Equipment for Measurement, Control, and Laboratory Use — Part 1:
General Requirements, UL 61010-1, in addition to Section 36 of this standard; or

¢) Standard for Industrial Control Equipment, UL 508, in addition to Section 36 of this standard.

11A.1 For controller enclosures used in outdoor applications, enclosure type rating (see 4.9,
Environmental Rated Enclosures) and material requirements with respect to exposure to Ultraviolet Light,
Water Exposure and Immersion (see 4.5, Nonmetallic Enclosures) shall apply.

12 Disconnect Devices

12.1 A discpnnhect-device-shalk

a) Open all ungrounded conductors of the circuit to which it is connected,
b) Copsist of a manually operated switch or a circuit breaker,

c¢) Enfploy an operating handle that is accessible from outside of the enclosure or located behind a
hinged cover not requiring a tool for opening, and

d) Belmarked in accordance with 64.22.

12.2 Wherg the operating handle of a disconnect device is operated vertically rather than fotationally or
horizontally, the up position of the handle shall be the on position.

12.3 For a fracker investigated in combination with a.refote battery supply intended to be [used with the
tracker, only pne disconnect device is required to be provided for the battery supply circuit.

13 Supply[Connections
13.1 General

13.1.1 A trdcker shall have provision for connection of a wiring system consisting of:

a) Wifing terminals as.specified in 13.1.3 — 13.2.10 or wiring leads as specified in 13.1.3 and 13.3.1
—13.3.6, and

b) A means for.eonnection of cable or conduit as specified in 13.5.1.

Exception: The\requirements described in 13.1.3 — 13.4.3 do not apply to the means for ponnection to
isolated accassible signal circuits complying with the requirements specified in Isolated Accéssible Signal
Circuits, Section 24.

13.1.2 The requirement in 13.1.1 applies to the wiring connection means for ac and dc input and output
power circuits of a tracker intended to be made in the field when the tracker is installed.

13.1.3 A wiring terminal or lead shall be rated and sized for connection to a field wiring conductor having
an ampacity based on Table 310.16 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 310.16, see 67.4 (J) and (K).

13.2 Wiring terminals

13.2.1 A wiring terminal shall comply with the requirement in 13.1.3 for a wire of each metal for which it is
marked. See 64.8.
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13.2.2 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 No. 1: A field-installed pressure terminal connector in accordance with 13.2.4 meets the intent
of this requirement.

Exception No. 2: A wire-binding screw employed at a wiring terminal intended for connection of a 10 AWG
(5.3 mm?) or smaller conductor and having upturned lugs, a cupped washer, or the equivalent to hold the
wire in position meets the intent of this requirement.

13.2.3 A wiring terminal shall be secured in position, by a means other than friction between surfaces, so
that it does netturn-orshift-—This-is-able-to-be-accomplished-b O-SCFeWS-OFHi ~by-square shoulders
or mortises; y a dowel pin, lug, or offset; by a connecting strap or clip fitted into an adjacent
equivalent method.

bart; or by an

Exception: A
complies with
spacing betw

13.2.4 With
factory install

a) On

manufacturer or others and specified in the instructian manual. See 67.4(B) and (C).

b) The
requir

pbressure terminal connector used in accordance with 13.2.4 is able, to\turn whe
Spacings, Section 20, when the connector is oriented in the position resultin
ben adjacent terminals and also between terminals and dead metal parts.

bd when the conditions in (a) — (e) are met:
e or more component terminal assemblies.sshall be available from the
fastening hardware such as a stud, nut, bolt, spring, or flat washer, and similar
pd for an effective installation, shall be:

1) Provided as part of the terminalassembly,

2) Mounted on or separately-packaged with the tracker, or

3) Specified in the instruction manual.

c) The
other
termi
condu

d) Wh

than &
instrudtions she

installation of the-terminal assembly shall not involve the loosening or disasse
han a cover orother part giving access to the terminal location. The means for|
al connectoryshall be readily accessible for tightening before and after i
tors.

n the-pressure terminal connector provided in a terminal assembly requires theg
common tool for securing the conductor, identification of the tool and a

0 the spacing
y in the least

reference to Exception No. 1 to 13.2.2, a pressure terminal connector is not r¢quired to be

component

hardware, as

mbly of parts
securing the
nstallation of

use of other
ny additional

e) Installation of the pressure terminal connector in the intended manner shall result in a tracker
complying with the requirements of this standard.

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

13.2.6 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
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b) 16 or 18 AWG (1.3 or 0.82 mm?) control-circuit conductor.

Exception No. 2: A No. 6 (3.5 mm diameter) screw is usable for the connection of a 16 or 18 AWG (1.3 or
0.82 mm?) control-circuit conductor.

13.2.7 A wire-binding screw shall thread into metal.

13.2.8 A terminal plate tapped for a wire-binding screw shall be of metal not less than 1.27 mm (0.050
inch) thick.

Exception: A terminal plate of metal less than 1.27 mm (0.050 inch) thick complies where used in a low-

LN ) :

VO/tage, limitetf etrrergy vy cirett-ortfimited e1rretrgy (ll_l'__/\ eretit (occ 226-and—2-268and the tapped
threads are dqapable of withstanding the tightening torque specified in Table 13.1 without stripping.

Table 13.1
Tightening torque for wire-binding screws

Size of ferminal screw, Wire sizes to be tested, Tightening tdrque

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 =48 1.8 (16)

10 (4.8) Solid 10— 14 (4.8 — 2.1) and Stranded 16 — 18 2.3 (20)

13.2.9 Thete shall be two or more full threads in the metal of a terminal plate. The metal is tp be extruded
at the tapped hole to provide at least two full threads:

Exception: Two full threads are not requiredsfor a terminal in a low-voltage, limited-energy (LVYLE) circuit or
limited-energy (LE) circuit, see 2.26 ant2.28, when a lesser number of threads result§ in a secure
connection ip which the threads do not:strip when subjected to the tightening torque spegified in Table
13.1.

13.2.10 A terminal for confection of a grounded conductor of an ac circuit shall be|identified as
described in p4.12.

13.3 Wiring leads

13.3.1 A figld>wiring lead shall not be more than two wire sizes smaller than the copper conductor to
which it is tolbé&“cennected—and-shall-not-be-smallerthan 18- AWG(0-82 mm2)Forexample, 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) A wire connector for connection of the field-provided wire is factory-installed as part of the
tracker, and the wire connector is rated for the combination of wires that are to be spliced,

b) The factory-provided leads are bunched or otherwise arranged so that stress does not result on
an individual lead, and
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¢) Instructions are provided in accordance with 67.4(E).

13.3.2 Afield-wiring lead shall consist of general building wire, or of other wiring having an insulation of:

a) At least 0.8-mm (1/32-inch) thick thermoplastic material,

b) At least 0.4-mm (1/64-inch) thick rubber plus a braid cover for applications of 300 volts or less, or

c) At least 0.8-mm thick rubber plus a braid cover for applications between 301 and 600 volts.

13.3.3 A field-wiring lead shall comply with Strain Relief Test, Section 43.

13.3.4 A fig
connected to
free end of th
or:

a) The

b) An

13.3.5 The
a multivoltagsg

13.3.6 A fie
described in ¢

13.4 Wiring

1341 A w
accessible fo
in the intende

1342 A w
connected in
conductor ins

13.4.3 A wiling compartment shall not have a volume less than specified in Table 13.2. The

be determing
Nonmetallic

Id-wiring lead provided for connection to an external line-voltage circuit
A wire-binding screw or pressure terminal connector located in the same compa
e wiring lead unless the screw or connector is rendered unusable for field-wirin

lead is insulated at the unconnected end, and

arking is provided on the tracker in accordance with 64.20.

ree end of a field-wiring lead that is not used in every.rstallation, such as a le3
transformer, shall be insulated. For an equipment-greunding lead, see 15.1.7.

d-wiring lead for connection of a grounded cenductor of an ac circuit shall be
4.12.

compartments

ring compartment for a tracker’/shall be located so that wire connections
" inspection, without disturbing-factory or field connected wiring, after the tracks
d manner.

ring compartments.raceway, or similar device, for routing and stowage o
the field shall not) contain rough, sharp, or moving parts that are capable
ulation.

d in accordance with the Standard for Metallic Outlet Boxes, UL 514A, or the

enclosure dimension-shallbe less than 191 mm (Q/A innh)

Dutlet’Boxes, Flush-Device Boxes and Covers, UL 514C, as applicable. No

shall not be
rtment as the
g connection

d for a tap of

identified as

therein are

br is installed

f conductors
of damaging

volume is to
Standard for
compartment

Table 13.2
Wiring compartment volume
Size of conductor, Free space for each conductor
AWG (mm?) Cubic centimeter (Cubic inches)
18 (0.82) 24.60 (1.50)
16 (1.3) 28.70 (1.75)
14 (2.1) 32.80 (2.00)

Table 13.2 Continued on Next Page
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Table 13.2 Continued
Size of conductor, Free space for each conductor
AWG (mm?) Cubic centimeter (Cubic inches)

12 (3.3) 36.90 (2.25)

10 (5.3) 40.00 (2.50)

8 (8.4) 49.20 (3.00)

6 (13.3) 82.00 (5.00)
13.5 Openings for conduit or cable connection
13.5.1 For p fixed tracker, an opening or knockout complying with the requirements specified in 4.7.1 —
4.7.7 shall be provided for connection of conduit or a cable wiring system.
Exception: Altracker complying with 4.7.6 is not required to be provided with an-6pening or a knockout.

13.6 Openings for class 2 circuit conductors

13.6.1 An ¢
sSensor circu
opening or s
installed.

Exception: A
a) Th

b) Th
67.4(

13.6.2 For
with 13.6.1 s
inch) thick w
bushing shal
deleterious §
from sharp e

pening for the entry of a conductor or conductors of@ Class 2 circuit, such a
t, shall be supplied with an insulating bushing. Thetbushing shall be factory-in
hall be supplied within the enclosure so that it is.available for installation when

bushing is not required where:
P opening is sized and intended for atmored cable or conduit, and

b installation instructions indicate-that Class 1 wiring methods are to be used g

).

Type 1 enclosures only, a bushing of rubber or rubber type material provided i
hall not be less than.3.2 mm (1/8 inch) thick; however, it shall not be less than
hen the metal around the hole is eyeletted or similarly treated to provide smd

ffect on thévmaterial of the bushing. A hole in which such a hinge is mounted
iges, burts, or projections capable of damaging the bushing.

5 a control or
stalled in the
the tracker is

s indicated in

h accordance
1.2 mm (3/64
oth edges. A

be located sothat it is not exposed to oil, grease, oily vapors, or other substapces having a

shall be free

14 Wire-BTnding Space

14.1

A permanently connected tracker employing pressure terminal connectors for field connection of

circuits described in 13.1.2 shall be provided with wire-bending space within the enclosure for the
installation of conductors (including grounding conductors) that are to be employed in the installation as
specified in 13.1.2-13.2.4.

14.2 The conductor size used to determine compliance with 14.1 is to be based on the use of a
conductor sized in accordance with 13.1.3.

Exception No. 1: Where a tracker is marked with a maximum wire size for a field-installed conductor in
accordance with 64.23, the marked maximum size is to be used.

Exception No. 2: The requirements in 13.4.3 are to be used to investigate the wire-bending space in a
wiring compartment.
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14.3 Wire-bending space for field installed conductors shall be provided opposite any:
a) Pressure wire connector as specified in 14.4 or 14.5, and

b) Opening or knockout for a conduit or wireway in a gutter as specified in 14.9.

14.4 Where a conductor is able to be installed such that it enters or leaves the enclosure surface
opposite its wire-terminal, the wire-bending space shall be as specified in Table 14.1. A wire is able to
enter or leave a top, back, bottom, or side surface when there is an opening or knockout for a wireway or
conduit.

Table-14.1
Minimum| wire-bending space for conductors through a wall opposite terminals in-mm (inch)

Wires per terminal (pole)?

Wire size, AWG
or 1 2 3 4 dr More
kemil (Mm% | mm (inch) | mm (inch) | mm (nch) | mm (inch)
14-10 (214 Not specified - - -
5.3)
8 (8.4) 38.1 (1-1/2) - = -
6 (13.3 50.8 (2) - - -
4 (21.1 76.2 (3) - - -
3 (26.7 76.2 (3) - - -
2 (33.6 88.9 (3-1/2) - - -
1 (424 114 (4-1/2) - - -
0 (53.5 140 (5-1/2) | 140 (5-172) | 179 (7) -
2/0 (67.4 152 (6) 152 (6) 191 (7-1/2) -
3/0 (85.0 165 [12.7] (6-1/2) | 165 [12.7] (6-1/2) | 203 (8) -
4/0 (107 179 [25.4] (7) 191 [38.11 (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 [25.4] (11) 305 (12)
350 77 305 [76.2] (12) 305 [76.2] (12) 330 [76.2] (13) 355 [p0.8] (14)
400 (203 330 [76:2] (13) 330 [76.2] (13) 355 [76.2] (14) 381 [r6.2] (15)
500 (253 355 [76.2] (14) 355 [76.2] (14) 381 [76.2] (15) 406 [r6.2] (16)
600 (304 381 [76.2] (15) 406 [76.2] (16) 457 [76.2] (18) 483 [F6.2] (19)
700 (355 40 [76.2] (16) 457 [76.2] (18) 508 [76.2] (20) 559 [F6.2] (22)
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) 610 (24) - - -
1750  (886) 610 (24) - - -
2000 1013 610 (24) - - -

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

Table 14.1 Continued on Next Page
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Table 14.1 Continued

Wires per terminal (pole)?
Wire size, AWG

or 1 2 3 4 or More

kemil (Mm% | mm (inch) | mm (inch) | mm (inch) | mm (inch)
@ Compliance with the following conditions reduces the wire-bending space by the number of mm's shown in brackets:

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

2) A removable wire connector is able to be removed from its intended location and reinstalled with the conductor in place
without disturbing structural or electrical parts other than a cover.

14.5 Wherg a conductor is intended to enter or leave the enclosure surface adjacent (not-gpposite) to its
wire terminal| the wire-bending space shall be as specified in Table 14.2 where:

a) A harrier is provided between the connector and the opening, or

b) Drawings are provided specifying that the conductor is not to enter or leave the enclosure
directly opposite the wire connector. See lllustrations A, B, and C of\Figure 14.1.

Table 14.2
Minimum wire-bending space and width of gutter for conductors through a wall not opposite

terminals in mm (inches)

Wifes per terminal (pole)
Size of wire, AWG or kemil 1 ¢ 3 4 5
(mmp?) mm (inch) | jwm  (inch) [ mm (inch) | mm (inch) | [mm (inch)
14-10 (2.1-5.3) 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 (2-112) - - - -

1 (42.4) 76:2 3) - - - -
10-2/0 | (53.5-7.4) 889 @12y 127 5 | 178 (@) - -
30-400 | (85.0-107) 102 @ | 152 ®© | 203 (g - -

250 (127) 114 @12)| 152 6) | 203 @® | 254 (10 -
300-350 | (152=477) 127 G) | 203 @ | 254 (10) | 305 (12) -
400-500 | (2037 253) 152 © | 203 @© | 254 (10) | 305 (12) ||386 (14
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) - - - -

Note — This table includes only those multiple-conductor combinations that are commonly used. Combinations not specified shall
be further investigated.
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(Continued)
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Figure 14.1 (cont'd)

Wire-bending space
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f a wiring gutter having a side through which conductors pass through.

@ A conduit operfing or knockout is provided in the wall opposite the terminal lugs.

D, shall not be |
wall at a right ar

1) Is nq

2) A m
minimy
¢ A conduit ope
opening or kno
provided. D, shd
9 Where a barrig

be measured frd
¢ A conduit ope

bss than the minimum wire-bending space specified in Table 14:1°2A conduit opening or knockout
gle to the wall opposite the terminal lugs. The wall opposite the terminal lugs:

t provided with a knockout or conduit opening, or

arking is provided indicating that the conduit opening or knockout is not to be used. D, shall not
m wire-bending space specified in Table 14.2.

ing or knockout is provided in the wall at a-right angle to the wall opposite the terminal lugs. In a
Ckout is provided in the wall opposite the<terminal lugs; however, a barrier preventing the use
Il not be less than the minimum wire-bending space specified in Table 14.2.

m the end of the barrier.

bending space gpecified in Table 14.2.

e between a wire connector or an adjacent barrier and the opposite wall that edonductors pass throug
Ce between a wire connector or an adjacent barrier and the opposite wall.or barrier that condugtors do not pass

r or other means restricts bending of the-conductor, the distance D4 or D,, as appropriate — see not

hing or knockout is provided in_awiring gutter. The width of the gutter, D5, shall not be less than th

h.

s provided in the

be less than the

fldition, a conduit
f the opening is

ps Dy — D3 —isto

e minimum wire-
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14.6 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 14.1.

14.7 For a tracker not provided from the factory with a conduit opening or knockout, see 4.7.6, the
minimum wiring-bending space specified in 14.4 — 14.6 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 tracker.

14.8 The distance specified in 14.3 — 14.5 is to be measured in a straight line from the edge of the wire

terminal closgst to the wall in a direction perpendicular to the box wall or barrier. See illustrat]

Figure 14.1.

close to perpendicular to the wall of the enclosure as possible without defeating anyymean

prevent turni
similar mean
being made

provided with
measured fro

Exception: Se

14.9 The wi
accommodat
knockout. Th

Exception: TH
a) Knd

b) The
condu

c) The
wiring

15 Equipment Grounding

he wire terminal is to be turned so that the axis of the wire opening in thé)co

g, such as a boss, shoulder, walls of a recess, multiple bolts securing the co
5. A barrier, shoulder, or similar component is to be disregarded when the me
where it does not reduce the radius to which the wire must bé’hent. Where
one or more connectors for the connection of conductors inJmultiple, the dist
M the wire opening closest to the wall of the enclosure.

e 14.6.

dth of a wiring gutter in which one or more knockouts are provided shall be lar
(with respect to wire-bending space) conductors of the maximum size us
width of a wiring gutter is given in Table 14:2. See illustration E of Figure 14.1.

e wiring space is able to be narrowerwhen:
ckouts are provided elsewherethat are in compliance with these requirements,

b wire-bending space at-stich other point or points is of a width that accom
ctors in question, and

knockout or knoeckolts at such other points are able to be conveniently used in
of the tracker.

15.1 Generrl

ons A—-C of
nnector is as
5 provided to
nnector, or a
asurement is
a terminal is
ance is to be

je enough to
sable at that

Imodates the

the intended

15.1.1

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

15.1.2 The means for equipment grounding specified in 15.1.1 shall be provided for each wiring system

to be connect

ed to the tracker for the following circuits:

a) Each dc input or output circuit,

b) Each ac input circuit,

c) Each ac output circuit, and

d) Each battery circuit.

Exception: An isolated accessible signal circuit complying with Isolated Accessible Signal Circuits, Section
24, is not required to have means for equipment grounding.
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15.1.3 The equipment-grounding means for a fixed tracker shall consist of an equipment-grounding

terminal or le

ad.

15.1.4 An equipment-grounding terminal or lead shall be connected to the frame or enclosure by a
positive means, such as by a bolted or screwed connection. The head of a screw or bolt, other than a
double-nut secured bolt or screw, used to secure a terminal or lead, shall not be accessible from outside of
the enclosure.

15.1.5 An

equipment-grounding connection shall

anodization, paint or vitreous enamel.

15.1.6 An

auinment-aroundina means-shall bhe located-so-that the means-is not subiact
e ek o ) I J

penetrate a nonconductive coating, such as

o inadvertent

removal duri

15.1.7 Afre
back and taf
parts in the ¢

15.1.8 Equ

and each oufput circuit. Any supplied lead shall have a free length of notf'less than 152 mm (

the surface ¢
ground leads
so identified
grounding ¢
required curr

a) Fo
curre

b) Fo
based

Exception: Ti

a) Ld

requifements in Separation of Circuits, Section 19, or

g servicing.

e end of an equipment-grounding lead shall be insulated (for example,,the’end
ed to the lead) unless the lead is located so that the lead is not capable of @
vent that the lead is not used in the field.

pment grounding leads or equipment grounding terminals 'shall be provided f

f the insulation shall be green with or without one or.ndore yellow stripes. Whe
are used, no other lead in a field-wiring compartment.or that is visible to the ins

Equipment-grounding terminals shall be marked as described in 64.9. A
ad or equipment-grounding terminal shall have a minimum size or be rated
ent in accordance with the following:

a dc input from a photovoltaic source.or output circuit, 1.25 times the rated shoj
nt for that input, see Table 63.1.

- any ac input or output circuit 6t-dc (non-PV) input or output circuit, Column 2
on the size of the overcurrentdevice protecting that circuit.

he color coding requirement does not apply to Class 2 circuits where the leads a

cated remote from the line-voltage connections and the segregation comy

s to be folded
ontacting live

pr each input
6 inches) and
re equipment
taller shall be
N equipment-
to carry the

rt-circuit input

of Table 15.1

cA

lies with the

b) Marked in accordance with 64.21.
Table 15.1
Column 2 Column 3
Minimum size of equipment-grounding or Minimum size of grounding electrode
bonding conductor conductor,
Column 1 AWG or kemil (mm?) AWG or kcmil (mm?)
Maximum current Aluminum or copper- Aluminum or copper-
rating, amperes Copper clad aluminum Copper clad aluminum

15 14 (2.1) 12 (3.3) 8 (8.4) 6 (13.3)
20 12 (3.3) 10 (5.3) 8 (8.4) 6 (13.3)
30 10 (5.3) 8 (8.4) 8 (8.4) 6 (13.3)

Table 15.1 Continued on Next Page
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Table 15.1 Continued

Column 2

Column 3

Minimum size of equipment-grounding or
bonding conductor

Minimum size of grounding electrode

conductor,

Column 1 AWG or kcmil (mm?) AWG or kcmil (mm?)
Maximum current Aluminum or copper- Aluminum or copper-
rating, amperes Copper clad aluminum Copper clad aluminum
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 (21.2) 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) 300 (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)
15.1.9 An equipment-grounding conductor shall not be spliced internal to the equipment.
15.1.10 An | equipment-grounding connection, equipment-grounding conductor, enclogure, frame,
component nmpounting._panel, or other part connected to earth ground shall not carry current unless an
electrical malfunction occurs. See 16.13.

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.

15.1.11 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.

15.1.12 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

15.1 and shall be constructed in accordance with 13.2.1 — 13.2.9.

15.1.13 A wire-binding screw intended for the connection of a field-installed equipment-grounding
conductor shall have a green colored head that is hexagonal, slotted, or both. A pressure wire connector


https://ulnorm.com/api/?name=UL 3703 2025.pdf

APRIL 22, 2025

UL 3703

49

or a stud-and-nut type terminal intended for connection of such a conductor shall be marked as described

in 64.9.

15.2 Grounding electrode terminal

15.2.1

Equipment intended to be installed as service entrance equipment or equipment containing the

main dc or ac bonding connection shall be provided with a grounding electrode terminal. The terminal

shall:

a) Be capable of securing a conductor size based on the maximum current rating of the highest
current circuit connected to the tracker, as specified in Column 3 of Table 15.1,

b) Co

c) Be

15.2.2 A grounding-electrode terminal shall be connected to the main bonding)point (ac

equipment b
connections
or screw, usq

15.2.3 For
the Standard
for Use With
be applied.

16 Bondin

16.1
electrical mg
conductively
15.

16.2 All un
mounting b

r
electrical enI

by the user ¢
Standard for|

Use With Fla-Plate-Photovoltaic Modules and Panels, UL 2703.

Trackers shall have a means for bonding-all accessible dead metal parts, which in th

mply with 13.2.1 — 13.2.10 for construction, and

marked as described in 64.13.

y a positive means, such as by a bolted or screwed connection, "For ground
hat are internal to a product, the head of a screw or bolt, other'than a double-nu
d to secure a terminal shall not be accessible from outsideofthe enclosure.

any ground terminal or lug outside an enclosure, therequirements from Sectio
for Mounting Systems, Mounting Devices, Clamping/Retention Devices, and
Flat-Plate Photovoltaic Modules and Panels, UL:2703, and the applicable UL 27

g for Grounding

Ifunction, involve a risk of ele¢tric shock or electrical energy-high current le
connected to the equipment:grounding means specified in Equipment Groun

nsulated metal parts*of the enclosure, motor frames and mounting bracket
ckets, capacitors,~and other electrical components that involve a risk of ele
rgy-high currentlevels shall be bonded for grounding where they are accessil
r inadvertent'contact by a serviceman. The tracker is to be evaluated for bong
Mounting ‘Systems, Mounting Devices, Clamping/Retention Devices, and Grg

or dc) in the
ing electrode
t secured bolt

ns 8 and 9 of
Ground Lugs
03 tests shall

e event of an
bels, shall be
ding, Section

5, component
ctric shock or
le for contact
ing using the
und Lugs for

Aacl for creairaalinoe:

Exception: A

maatal oot A cibh ool fn (o) LE) o mnt vaciiead] o o oo
mretdar gdrt do UCoUlrtovCuIr ‘a/ ‘l/ IS TVt TCYUIncu U UG DUTNTUCuU 1U1 yl ouridin Iy.

a) An adhesive-attached metal foil marking 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.

¢) Within an enclosure, 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.

d) Within an enclosure, 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

comp

osition, or similar material not less than 0.8 mm (1/32 inch) thick.
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e) Within an enclosure, an isolated metal part that is mounted on a printed wiring board — such as
transformer and choke cores and heat sinks.

f) Within an enclosure, a capacitor sleeved with insulating tubing complying with 20.2.2.

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

16.4 Where the continuity of the bonding to grounding system relies on the dimensional integrity of a
nonmetallic material, the material shall be in accordance with the requirements for creep in the Standard
for Polymeric

Materials — Short Term Property Evaluations, UL 746A. See also 16.9.

lent material.

Section 9 of
and Ground

Lugs for Use With Flat-Plate Photovoltaic Modules and Panels, UL 2703;-and the gpplicable UL
2703 tests,
b) Shall not be secured by a removable fastener used for any. purpose other tharl bonding for
groundling, unless there is a low risk of the bonding conductor)being omitted after removal and
replacement of the fastener, and
¢) Shdll not be spliced.
16.6 A conrjection in the bonding path shall be by a positive means, such as by a clamp, a fivet, a bolted
or screwed cpnnection, or by welding, soldering, or brazing with materials having a softening or melting
point greater than 455°C (850°F). The bonding connéction shall penetrate nonconductive cpatings, such

as paint or vit

16.7 A boltg
piercing devig

16.8 Where
two full threag

reous enamel. Ferrous metal parts.shall comply with Protection Against Corrosid

d or screwed connection that-incorporates a star washer or other noncondug
e shall penetrate nonconductive coatings.

the bonding connectien depends on machine screw threads in metal, two or mq
s of a single screw engaging two full threads in the metal shall be used.

16.9 A connpection thafidepends on the clamping action exerted by rubber or similar n

comply with 1
thermal degrg

6.4. The~thaterial shall be rated for the condition of use, such as UV, oil, greas
dationthat potentially occur in service.

16.10 Abon

rling conductor or efrnp utilized within an enclosure:

n, Section 6.

tive material

re screws or

naterial shall
e, water, and

a) Shall not be smaller than the size specified in Column 2 of Table 15.1, see 16.12, or

b) Shall not be smaller than the conductor supplying the component.

16.11 A bonding conductor or strap utilized outside of an enclosure shall comply with Section 9 of the
Standard for Mounting Systems, Mounting Devices, Clamping/Retention Devices, and Ground Lugs for
Use With Flat-Plate Photovoltaic Modules and Panels, UL 2703, and the applicable UL 2703 tests.

16.12 With reference to Column 2 of Table 15.1, 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.
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16.13 For all dead metal on the tracker, the bonding components shall not carry current other than
current resulting from an electrical malfunction.

17 Internal Wiring
17.1 General

17.1.1 The internal wiring of a tracker 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 appliance wiring material shall comply with Table 17.1.

Exception.‘ IJIJIII'GIIUC VVl’Il’Ily 1mrateriat havrluy arrstitatior—thickness—otherthan olucu'fl'cd in Table 17.1
complies when the insulation ratings are equivalent to that specified with respect to temperature, voltage,
and conditiofys of service.

Table 17.1
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)P°

Rubber 0.8 (1/32) plus an impregnated braid cover 0.4 (1/64) plus impregnated bfaid cover
0.8 (1/32) without a braid cover

Neoprene 0.2 (3/64) 0.4 (1/64) plus an impregnated |poraid cover
0.8 (1/32) without a braid cover

Silicone rubbe 0.8 (1/32) plus an impregnated,braid cover 0.4 (1/64) plus an impregnated |praid cover

0.8 (1/32) without a*braid cover® 0.8 (1/32) without a braid ¢over®
Cross-linked 0.4 (1/64) 0.4 (1/64)

synthetic polymer
@ The minimuny thickness is 0.71 mm (0.028 inch) for 0.8 mm-thick insulation; the minimum thickness is 0.33 mm (4.013 inch) for
0.4 mm-thick ipsulation
® Shall not be Iss than 0.33 mm (0.013)inch) for short, moving pigtails or coil leads in a small device, where such Idads make no
more than casial contact with parts of opposite polarity or ungrounded parts.

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

4 Applies only vhen routed’away from live parts of opposite polarity and protected from mechanical damage during|installation of
field wiring and while the equipment is in operation.

17.1.2 Insulating tubing or sleeving shall not be used as insulation other than for a short length of
insulated conductor, 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 sharp bends,

b) The conductor covered with the tubing or sleeving shall be well rounded and free from sharp
edges,

c) A shrinkable tubing shall be used in accordance with the tubing manufacturer's instructions, and

d) The tubing or sleeving shall not be subjected to a temperature or voltage higher than that for
which the tubing or sleeving is rated.

17.1.3 Where wiring extends to a hinged door or other part that is subject to movement in use, stranded
conductors shall be employed, and the arrangement shall preclude twisting or stressing of conductors as a
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result of the movement. The wiring shall be routed or protected against damage to the insulation. The
conductors shall be secured so that stress is not transmitted to terminals or splices.

17.2 Protection of wiring
17.2.1 Internal wiring shall not be accessible from outside the enclosure in accordance with 8.1.
17.2.2 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.

17.2.3 Mounti S—anthutS—SnanPeConstructea—C SG—SO S—C0 notdamage

wiring. A scre
edges that ar|

into a wireway.

1724 Aho
a tracker sha
abrasion of th

17.3 Electrical connections

17.3.1 Asp

17.3.2 Aso

Exception: A

a)As
used,

b)Ah
the bo

c) Sol,
and sq

d) The
the led

|l be provided with smooth, rounded surfaces upon which the.wires bear, to pr

w shall have a flat or blunt end. The end of the screw shall not have burrs;
e able to abrade wire insulation, and the end shall not project more than. 4.:8'm

e through which insulated wires pass in a sheet metal wall internal-{o the overall

e insulation.

ice or connection shall be mechanically secure and shall make reliable electrica
dered connection shall be made mechanically secure before being soldered.

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

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

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 priated wiring board is done by a machine process in which the s

lead wire is strapped in place, or the equivalent, adjacent to the soldered conng
d endin place.

fins, or sharp

m (3/16 inch)

enclosure of
ptect against

contact.

°C (849°F) is

0 degrees to

pldering time

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

pction to hold

17.3.3 Ast

ndedintermat wiring connection shattbe such thatitTeduces the potentiat fort

ose strands

of wire contacting dead metal parts or other live parts not always of the same potential. This is able to be
accomplished by the use of a pressure terminal connector, a soldering lug, a crimped eyelet, soldering of
all strands together, or an equivalent means.

17.3.4 An open-end spade lug secured by a screw or nut shall be secured by additional means, such as
upturned ends on the lug, or bosses or shoulders on the terminal, to hold the lug in place in the event the
screw or nut loosens.

17.3.5 A nominal 0.110-, 0.125-, 0.187-, 0.205-, or 0.250-inch wide quick-connect terminal shall comply
with the Standard for Electrical Quick-Connect Terminals, UL 310. Other sizes of quick-connect terminals
shall be investigated with respect to crimp pull-out, engagement-disengagement forces of the connector
and tab, and temperature rises in accordance with UL 310.
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17.3.6 Aluminum conductors, insulated or uninsulated, used as internal wiring, such as for
interconnection between current-carrying parts or in a component winding, shall be terminated at each end
by a terminal that is rated for the combination of metals involved at the connection points. A wire-binding
screw or a pressure wire connector used as a terminating device shall be rated for use with aluminum
under the conditions involved — for example, temperature, heat cycling, vibration, and other similar
conditions.

17.3.7 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 17.1.2.

c) Twp layers of thermoplastic tape, or two layers of friction tape, or one layerof frigtion tape and
one layer of rubber tape, are able to be used on a splice when the voltage(involved is[less than 250
volts.| The use of thermoplastic tape wrapped over a sharp edge isrnot in compliance with the
requifement.

18 Live Parts

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

18.2 Unins
not turn or sh

values speci
Section 21.

Ilated live parts and components that have uninsulated live parts shall be secur
ift in position where such displacement results in a reduction of spacings below
fied in Spacings, Section 20, or Alternate~Spacings — Clearances and Creepa

ed so they do
the minimum
je Distances,

19 Separation of Circuits

19.1 Factofy wiring

19.1.1 Insulated conductors of-different circuits — see 19.1.2 — within a tracker, includipg wires in a
terminal box jor compartment; 'shall be separated by barriers or segregated and shall also be|so separated
or segregatef from uninsulated live parts connected to different circuits.

Exception: F
rated for the

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

vith insulation

19.1.2 For

he purpose of determining comptiance with 19—t differentcircoits nctude:

a) Circuits connected to the primary and secondary windings of an isolation transformer,

b) Circuits connected to different isolated secondary windings of a multi-secondary transformer,

c) Circuits connected to secondary windings of different transformers,

d) Inp

ut and output circuits of an optical isolator,

e) Isolated circuits, and

f)AC

power and dc power circuits.

Exception: Power circuits that are derived from the taps of an autotransformer or similar component — that
does not provide isolation — are not different circuits.
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19.1.3 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 of a different circuit.

19.2 Field wiring

19.2.1

specified in 19.2.2 or separated by barriers as specified in 19.3.1 and 19.3.2 from:

A tracker shall be constructed so that a field-installed conductor of a circuit is separated as

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.

b) An
betwe
orinju

c) Fiel

Exception: A
different circy
circuits, and h

19.2.2 Sepd
uninsulated li
enclosure for,
the conducto
determining
service inclug
average careg
compartment

19.2.3 With
minimum req
of terminals,

opposite that
conductor en
connected ar

uninsulated live part of another circuit or from an uninsulated live part where 4
bn the conductors involves a risk of fire, electric shock, electrical energy-high-c
[y to persons.

H-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

2) Both circuits are insulated for the maximum voltage of @ne of the circuits.

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 circuits are other than Class 2 or Clas

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

Ve 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 circuitsyare separated by a minimum of 6.4 mm

hether a tracker having such openings complies with this requirement, it is to b
ing 152.4 mm (6 inches):.@Dslack in each conductor within the enclosure. N
is to be exercised in fouting the wiring and stowing the conductor slack in

reference to 19.2:2, when the number of openings in the enclosure does no
lired for the_intended wiring of the tracker, and where each opening is located o
t is to bed@assumed that a conductor entering an opening is to be connected tg
opening. When more than the minimum number of openings are provided, the p

short circuit
urrent levels,

Class 3, and

terminal of a
bf one of the
5 3.

and from an
pening in the
is complete,
1/4 inch). In
e wired as in
0 more than
o the wiring

t exceed the
pposite a set
the terminal
ossibility of a

tering~an opening other than the one opposite the terminal to which it is i
d. the potential for it to contact insulated conductors or uninsulated current-

rrying parts

n4:nded to be

connected to

differentTircuitis to be nvestigated:

19.3 Separation barriers

19.3.1

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.

19.3.2 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.
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20 Spacings

20.1

20.1.1 The

General

spacings in a tracker shall not be less than specified in Table 20.1.

Exception No. 1: Where liners and barriers are employed, 20.2.1 shall be used to determine the spacings.

Exception No. 2: As an alternative to Table 20.1, the spacings are able to be investigated in accordance
with Alternate Spacings — Clearances and Creepage Distances, Section 21.

Exception N
the compong

Exception N
Isolated Acc
these circuits

Exception N
complying w
Evaluation, U

Exception N¢. 6: On printed wiring boards having a flammability classification of V-0 and cor

a base mate
than spacing
other circuits
in the same (

a) Th

b) An
betwd

Exception N
foils of oppo
mm (1/32 ing

Exception N
semiconduct]

T3
nt.

rne mnnerent Spacings or a cormponent snail comply WIith the spacing req

D. 4: The spacings specified in Table 20.1 do not apply within a circuit that
pssible Signal Circuits, Section 24, or Control Circuits, Section /25.) The spa
and other circuits shall comply with Table 20.1.

D. 5. Spacings between adjacent foils on a printed wiring board with a confl
ith the requirements in the Standard for Polymeric Materials — Use in Electrid
L 746C, are not required to comply with Table 20.1.

rial having a minimum Comparative Tracking, Index (CTI) rating of 175 volts, s(
s to ground, between primary and secondary circuits, between the battery sup
and at field wiring terminal) are not specified between traces of different poten
ircuit where:

b spacing complies with Reduced_Spacings on Printed Wiring Boards Tests, Seg

analysis of the circuit indicatés that no more than 12.5 milliamperes of current
en short-circuited traces.having reduced spacings.

b. 7: For multilayer-printed wiring boards, the minimum spacing between adj
bite polarity and between an internal foil and a plated through-hole shall not be
h).

p. 8: _Spacing requirements do not apply between adjacent terminals of a po
or device, including the connection points of the terminals of the device.

uirements for

complies with
cing between

brmal coating
al Equipment

structed from
acings (other
ply circuit and
ial connected

tion 44, or

s able to flow

acent internal
less than 0.8

wer switching
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Table 20.1
Spacings
Minimum spacings, mm (inch)
Between an uninsulated live
Between an uninsulated live part and an uninsulated live part of part and the walls of a metal
opposite polarity, uninsulated grounded part other than the enclosure including a fitting
Potential involved, enclosure, or exposed metal part? for conduit or armored cable®
volts rms (peak) Through air Over surface Shortest distance
0-50(0-70.7) 1,6%¢ (1/16) 1.6%¢ (1/16) 1.6° (1/16)
Greater than 50 to 3.2¢d (1/8) 6.4¢ (1/4) 6.4 (1/4)
150 (70.7 to 212.1)
Greater than 150 to 6.4 (1/4) 9.5 (3/8) 12.7 (1/2)
300 (212.1t0 424.2)
Greater than 300 to 9.5 (3/8) 12.7 (1/2) 127 (1/2)
600 (424.2 to $48.4)

b A metal piece
reduces spacin

dead metal parf

4 At closed-in p
lessthan 1.2 m

@ For printed wifing boards, see Exceptions Nos. 2 — 7 to 20.1.1.

¢ The spacing between field-wiring terminals of opposite polarity and the spacing between a field-wiring terminal and

attached to the enclosure shall be investigated as a part of the enclosure where deformation of the ¢
hs between the metal piece and uninsulated live parts.

shall not be less than 6.4 mm (1/4 inch).

bints only, such as a screw and washer construction of an insulated stud mounted in metal, the spaci
M (3/64 inch).

nclosure

a grounded

hg shall not be

20.1.2 Unin
of opposite
Measuremen

20.1.3 The
place and cor

20.14 Ina
to the enclost
are to be bg
component rg
the voltage u

capacitors, and other components shall comply with Table 20.1.

sulated live parts connected to different circuits shall be investigated as though t
polarity and on the basis of the highest voltage involved. See Maxi
s, Section 38.

Epacing at a field wiring terminal s, to be measured with wires representative of
nected to the terminals as in.actual service.

multi-component tracker,the spacings from one component to another, from an
re, and to another uninsulated dead metal part (excluding the component moun
sed on the maximum voltage rating of the complete tracker and not on t

sed and confrolled by the individual component. Spacings between metal ox

Exception: C

Electronic Equipment — Part 14: Sectional Specification: Fixed Capacitors for Electromagnetia

mponents that comply with the requirements in the Standard for Fixed Capacit

hey are parts
mum-Voltage

field wiring in

y component
ting surface),
ne individual

tings. The inherent spacings of an individual component is to be investigated on the basis of

de varistors,

brs for Use in
Interference

Suppression and Connection to the Supply Mains, UL 60384-14, are not required to comply with Table

20.1.

20.1.5 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

20.1.

20.1.6 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 least the minimum required spacings shall be maintained.

20.1.7 With

reference to 20.1.6, a lock washer is one means of rigidly securing a part.
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20.1.8 Spacings to film coated wire are to be investigated as though the wire is an uninsulated live part.

20.1.9 Spacings within the circuits described in (a), (b), or (c) that are not safety circuits shall be such
that the circuit complies with Dielectric Voltage-Withstand, Section 40. Spacings between these circuits
and the enclosure, grounded dead metal, and other circuits shall comply with the applicable spacing

requirements of this standard.

a) Secondary circuits supplied by a transformer winding rated less than 200 volt-amperes or at a

poten

tial of 100 volts or less,

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

C) A gireditderivedfrom—=a battcly ratec-over—106—~votts—imwhich—the vu:tayc withiy the circuit is
limited to 100 volts or less by a regulating network complying with the requirementin'25.11.
20.2 Insul3dting liners and barriers
20.2.1 With reference to Exception No. 1 to 20.1.1, an insulating liner or barrier of maferial such as
vulcanized fiber is able to be used when it is:
a) Not the sole support for uninsulated live parts involving a riskof fire, electric shock, or electrical
enerdy-high current levels,
b) Not less than 0.71 mm (0.028 inch) thick, and
c) Logated so that it is not adversely affected by areing.
Other insulating materials used as a barrier or as\direct or indirect support of uninsulajed live parts
involving a fisk of fire, electric shock, or electrical energy-high current levels shall comply with the
requirementg in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception N¢

a)in
as sp

b) Bsg
secor

Exception N|
between a hd

. 1: Vulcanized fiber not lessithan 0.33 mm (0.013 inch) thick is usable when:

bonjunction with an air spacing of not less than 50 percent of the minimum throu
pcified in Table 20.%-and

tween a heat sink and a metal mounting surface, including the enclosure, (
dary circuit'rated 50 volts rms or less.

D. 2:<-Mica shall be not less than 0.165 mm (0.006 inch) thick when used
bat\sink and a live case of a semiconductor device.

hh air spacing

f an isolated

as insulation

20.2.2

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¢) The tubing is used in accordance with the manufacturer's instructions, and

d) The conductor or case is not subjected to a temperature or voltage higher than that for which the
tubing is rated.
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20.2.3 A wrap of thermoplastic tape, complying with the requirements in the Standard for Polyvinyl
Chloride, Polyethylene, and Rubber Insulating Tape, UL 510, is usable when all of the following conditions

are met:

a) The wrap is no less than 0.33 mm (0.013 inch) thick, is applied in two or more layers, and is used
in conjunction with not less than one-half the required through-air spacing.

b) The 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.

¢) The temperature rating of the tape is not less than the maximum temperature observed during
the temperature test.

d) The

e) The

21 Alternate Spacings — Clearances and Creepage Distances

21.1 Other
specified in §
accordance V
Creepage Di
Measuremen

21.2 The cl
fittings for cq
determined b

21.3 The dl
Section 20.

214 In con
Coordination
following sha

a) Unl

b) Pol
is cov
compl

tape is not subject to compression.

tape is not wrapped over a sharp edge.

than specified in 21.2 and 21.3, as an alternative approach)to the spacing
bpacings, Section 20, clearances and creepage distances are able to be in
ith the requirements in the Standard for Insulation Coordination Including Clg
stances for Electrical Equipment, UL 840, as described in 21.4. See Maxi
s, Section 38.

barances between an uninsulated live partrand the walls of a metal enclosy

physical measurement.

parances and creepage distances at field wiring terminals shall comply wi

Hucting investigations in.accordance with the requirements in the Standard f
Including Clearances and Creepage Distances for Electrical Equipment,
| be used:

bss specifiedielsewhere in this standard, the pollution degree 3 applies,

ution degree 2 applies on a printed wiring board between adjacent conductive n
bred bysany coating which provides an uninterrupted covering over at least one
btedistance up to the other side of conductive material,

requirements
vestigated in
arances and
mum-Voltage

re, including

nduit or armored cable, shall be as spgcified in Table 20.1. The clearancg¢s are to be

th Spacings,

or Insulation
UL 840, the

aterial which
side and the

c¢) All printed wiring boards shall be identified as having a minimum Comparative Tracking Index
(CTI) of 100 without further investigation.

d) The use of a coating which complies with the requirements for conformal coatings 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,

e) Pollution degree 1 is achievable at a specific printed wiring board location by application of at
least a 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,

f) The Phase-to-Ground Rated System Voltage used in the determination of Clearances shall be
the equipment rated supply voltage rounded to the next higher value (in the table for determining
clearances for equipment) for all points on the supply side of an isolating transformer or the entire
product when no isolating transformer is provided. The System Voltage used in the evaluation of
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secondary circuitry is able to be interpolated across the table for the Rated Impul
Voltage Peak and Clearance, and

g) Determination of the dimensions of clearance and creepage distances shall be

se Withstand

conducted in

accordance with the requirements for Measurement of Clearance and Creepage Distances of UL

840.

22 Insulating Materials

221 General

22.1.1
in accordande with the Standard for Tests for Flammability of Plastic Materials for Parts(in|
Appliances, UL 94. The use of a material Classed V-2 requires the use of an enclosure-with
openings. Drpin holes are not prohibited regardless of the material Class.

Exception: Tlhis requirement does not apply to a material supporting only live, parts conn
voltage, limited-energy (LVLE) circuits where deterioration of the material does’not involve 3
electric shock.

22.1.2 Vulganized fiber shall not be used as the sole support of anuninsulated live part whe
current leak

able to be uskd for an insulating bushing, a washer, a separater, ‘or a barrier.

0, V-1, or V-2
Devices and
but ventilation

ected in low-
risk of fire or

re shrinkage,

ge, or warpage introduces a risk of fire or electric.shock. Electrical grade vulcanized fiber is

22.1.3 A polymeric material used to support an uninsulated live part or parts, shall comply with the

requirementg for mechanical strength and rigidity, resistance to heat, resistance to flame pro
dielectric str¢ngth in the Standard for Polymeric Materials — Short Term Property Evaluatio
Standard forn Polymeric Materials — Long Term“Property Evaluations, UL 746B; and the
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

22.2 Barrigrs
2221 Ani
spacings sh3
it is not adve

hsulating barrier of vulcanized fiber, thermoplastic, or other material used in lig
Il not be less than@>71 mm (0.028 inch) thick and shall be so located or of such
sely affected by arcing.

Exception: Vllcanizedfiber not less than 0.33 mm (0.013 inch) thick is usable:

pagation, and
ns, UL 746A;
Standard for

u of required
material that

a)in

as spgecified in Table 20.1, and

bonjunction with an air spacing of not less than 50 percent of the minimum througlyh-air spacing

b) Between a heat sink and a metal mounting surface, including the enclosure, or an isolated

secondary circuit rated 50 volts rms or less.

22.2.2
live parts or grounded dead metal parts, shall comply with 22.2.1.

23 Capacitors

231
filled shall comply with the Standard for Capacitors, UL 810.

Insulation used in lieu of required spacings between a magnet-coil winding and other uninsulated

A capacitor used for electromagnetic interference elimination or power-factor correction that is oil
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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 tracker having an enclosure that complies with the
requirements in 4.1.1 — 4.5.1 without Exceptions.

23.2 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.

24 Isolated

241 Anis

Accessible Signal Circuits

as a RS232

communicatid

24.2 A signal circuit that extends outside of an enclosure shall be an isolated circuit and shz

from internal
Electric Shoc

a) An
isolati

b) An

General Requirements, UL 5085-1, and the Standard for'kow Voltage Transformers —

2 and

autotransformers are excluded,

c)Ac
Part 1
and C

d) An
Contrg

e)Av

ated _accessible _sianal circuit h:\\llnn means for external r\r\nnnr\hr\ne such
J

n port and similar connections, shall comply with 24.2 and 24.3.

Circuits having a voltage involving a risk of electric shock, as determiined in acc
, Section 10, by one of the following:

bn voltage rating of not less than the test potential required-in 40.1,

isolation transformer complying with the Standard {for, Low Voltage Transform

Class 3 Transformers, UL 5085-3, or an .iselation transformer as defing

hpacitor complying with the Standard for, Fixed Capacitors for Use in Electronic
4: Sectional Specification: Fixed Capacitors for Electromagnetic Interference
bnnection to the Supply Mains, UL 60384-14,

electro-mechanical relay cemplying with the requirements in the Standard
| Equipment, UL 508, or

bltage regulating network where:
1) The voltage-being isolated is not directly derived from the ac circuit, and

2) The network does not involve a risk of electric shock at the external ¢
determinéd in accordance with Electric Shock, Section 10, or as indicated by a
and.effect analysis in accordance with the method described in the Standard
Safety-Related Controls Employing Solid-State Devices, UL 991.

optical isolator, complying with the Standard for Optical«lsolators, UL 1577,

Il be isolated
ordance with

having an

ers — Part 1:
Part 3: Class
d in 2.24 —

Equipment —
Suppression

for Industrial

bnnection as
failure mode
for Tests for

24.3 The maximum power voltage and current available from an isolated accessible signal circuit shall
comply with 25.4 — 25.11.

24.4 The maximum power available from an isolated accessible signal circuit that employs an
overcurrent protection device to limit the current as described in the Exception to 25.4 shall not exceed the

values specifi

edin Table 24.1.

Table 24.1
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
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25 Control

251
able to be co

Circuits

nnected to a single-point reference ground.

A control circuit that is a low-voltage, limited-energy (LVLE) circuit or a limited-energy (LE) circuit is

25.2 Other than for safety circuits, as indicated in 25.3, 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 17.1.1 and 27.1.

25.3 A control circuit that is a safety circuit shall be investigated in accordance with the requirements for

primary circu

its.

254 A conlrol circuit, including associated electronic components on printed wiring boards)
an enclosure is not required to be investigated where the maximum voltage’and current are

extend out o
limited as s
comply with |

a) Th

b) Th

Excejf
overg

25.5 With
including shq
maintain ma

25.6  With n
specified in
used to supq
the tap.

25.7 When
construction
manual-rese
limited in aca

ecified in (a) and (b). Printed wiring boards and insulated wires used in’such
7.1.1and 27.1.

b voltage shall not exceed the limits specified in Table 10.1, and
e current shall not exceed:
1) Eight amperes for 0 — 42.4 volts peak ac, or 0 — 30\volts dc, or
2) Amperes equal to 150 divided by the maximum voltage for 30 — 60 volts dc.

ption: The maximum current specified is able to be exceeded where the circu
Lirrent protective device as described in 25.8 and 25.9.

eference to 25.4(b), the maximum. gurrent is to be measured under any condit

that does not

circuits shall

See 25.5.

it includes an

on of loading

rt circuit using a resistor that isdo be continuously readjusted during the 1-miqute period to

imum load current; however;the value indicated in (b) is not to be exceeded.

eference to 25.4(a), measurement is to be made with the tracker connected f
bection 40 and with all loading circuits disconnected. When a tapped transfori
ly a full-wave rectifier, voltage measurement is to be made from either end of

the contrel tircuit specified in 25.4 is not limited as to available short-circuit d

o the voltage
er winding is
he winding to

urrent by the

of a_transformer, and the circuit includes one or more resistors, a fuse, a nonadjustable

pretective device, or a regulating network — see 25.11 — the circuits in which

the current is

ordance with 25.8, 25.9, or 25.10 are not required to be investigated.

25.8 A fuse or circuit-protective device used to limit the current in accordance with 25.7 shall be rated or

set at not mo

re than the values specified in Table 25.1.

Table 25.1
Rating for secondary fuse or circuit protector

Circuit voltage, Vrms

Maximum overcurrent protection, amperes

More than 20 and not greater than 60

5
100/Vv®

20 or less

2V is the maximum output voltage, regardless of load, with the primary energized in accordance with Section 40.
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25.9 A fuse or circuit-protective device connected to the primary of a transformer to limit the current in
accordance with 25.7 shall be equivalent to that specified in 25.8 as determined by conducting the
Overcurrent Protection Calibration Test, Section 50.

Exception: The Overcurrent Protection Calibration Test, Section 50, 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.

25.10 A regulating network or one or more resistors used to limit the current in accordance with 25.7
shall be such that the current under any condition of load, including short circuit, does not exceed the

values indicated in 25.4(b)
25.11 Wherg a regulating network is used to limit the voltage or current in accordance with 5.4 — 25.10,
and the perfgrmance is affected by malfunction (short circuit or open circuit) of any single component —

excluding shq
a) Sha

b) Cri
Stand
derate
338-1

25.12 In a (

rt-circuiting a resistor — the network:
Il comply with the tests specified in 25.13, and

ical components identified by the failure mode and effect analysis in accordd
prd for Tests for Safety-Related Controls Employing Solid*State Devices, UL
d in accordance with the Electronic Reliability Design-klandbook, Military Handk
D88.

ircuit of the type described in 25.7, the secondary winding of the transforme

nce with the
D91, shall be
ook Number

, the fuse or

circuit protecfive device, or the regulating network, anda@lt'wiring up to the point at which the¢ current and

voltage are lin

25.13 With
accordance V
Solid-State D

a) Tra
b) Ran
c) Ele
d) Ele

e) The

hited shall be investigated in accordance with the applicable requirements in thig

reference to 25.11(a), the regulating network shall comply with the follov
ith the method described in the-Standard for Tests for Safety-Related Contro
bvices, UL 991. See 25.14.

nsient Overvoltage Test,

hp Voltage Test,

ttromagnetic ‘Susceptibility Tests,
Ctrostatic Discharge Test,

rmakCycling Test,

standard.

ing tests in
s Employing

f) Humidity Test, and

g) Effects of Shipping and Storage Test.

25.14 The following test parameters are to be used in the investigation of a regulating network covered

by 25.13.

a) Electrical supervision of critical components applies,

b) Audibility is usable as a trouble indicator for an electrical supervision circuit,

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.
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26 Overcurrent Protection

26.1

26.1.1

General

or resetting, shall be accessible:

a) From outside of the enclosure, or

b) Behind a hinged cover — see 4.2.1.

An overcurrent protective device, the intended functioning of which requires renewal,
replacement,

Exception No. 1: A protective device that is normally unknown to the user because of its location and

omission of 1
be accessibl

Exception N
and the load

26.1.2 The
are able to
connected tg

26.1.3 Afu
they are con
wire, circuit.

26.1.4 Afu

Exception: A
Personnel, S

26.1.5 A cincuit breaker in the input eroutput circuit shall open all ungrounded conductors 0

multipole cirg

q

Exception: 3
applicable re
Circuit-Breah
supplying lin
a grounded 3

eference to the device in the operating instructions provided with the tracker is.n

a)

-

. 2: A control-circuit fuse does not require renewal as an intendegd.fanction v
are contained within the same enclosure.

screw shell of a plug-type fuseholder and the contacts, ineluding associated
e contacted by the probe illustrated in Figure 8.1, of an-extractor-type fuseh
ward the load.

5e and a fuseholder shall have voltage and current ratings not less than the c
nected. A plug fuse shall not be used in a circuit exceeding 125 volts or in a 121

seholder shall be of the cartridge, plug;-or extractor type.

fuse intended to be replacedyonly by service personnel — see Protectig
ection 9 — that is bolted in place meets the intent of this requirement.

uit breaker shall be a.xcommon trip type.

ingle-pole circuif breakers with handle ties, the combination of which comj
quirementssin:the Standard for Molded-Case Circuit Breakers, Molded-Case
er Enclostires, UL 489, are usable as the protection for each unground
p-to-line-eonnected loads of equipment rated for connection to one of the follow
ystem; where no conductor involves a potential to ground in excess of 150 volts

ot required to

vhen the fuse

ive parts that
blder shall be

rcuit in which
/250 volts, 3-

n of Service

f the circuit. A

blies with the
Switches and
ed conductor
ing circuits of

(see 65.8):

a) In a single-phase circurt,

b) In a 3-wire dc circuit, or

¢) In a circuit that is connected to a 4-wire, 3-phase; or 5-wire, 2-phase, system with a grounded
neutral.

26.1.6 A tracker shall be marked in accordance with 65.5 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.
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26.1.7 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 conductors of the supply circuit.

26.1.8 Temperature or current-sensitive devices such as temperature limiting thermostats, thermal
cutoffs, appliance protectors, fuses, circuit breakers, or similar devices shall comply with the requirements
applicable to the particular component. See Components, Section 3.1.

26.1.9 Overcurrent protection employing solid-state component circuitry used for protection of control
circuits in accordance with 26.2.1 — 26.2.5 shall comply with the calibration and interrupt requirements in
the Standard for Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures,
UL 489.

Exception: TH not affected

by malfunctio

ese requirements do not apply to overcurrent protection whose performance’ is
h of any single component that is short-circuited or open-circuited.

terminals or
s near those
onductors in

26.1.10 Tragkers having overcurrent protective devices connected directly to-input or outpu
having overcdirrent device terminals serving as inputs or outputs shall have.labels or marking
input or outgut terminals showing conductor temperature limitations, for) field installed ¢
accordance wWith Section 110.14 of the National Electrical Code, ANSI/NEPA 70.

26.2 Control circuit overcurrent protection

26.2.1 A coptrol circuit that extends from the tracker to a rémote control panel, status pane
component shall be protected in accordance with 26.2.2=26.3.2.

, or a similar

Exception: A brovided with

overcurrent p

external control circuit derived from aClass 2 transformer is not required to be
rotection.

26.2.2 The pvercurrent protective device specified in 26.2.1 shall be a circuit breaker or fuse that is rated
for branch-cirguit overcurrent protection:When the protective device is a fuse, the tracker shall be marked
in accordance with 65.5.

26.2.3 A Class 1 power-limited)circuit, in accordance with the National Electrical Code, ANSI/NFPA 70,

used to suppl
than 30 volts
protected by
divided by thg

y an external.control circuit shall be supplied from a source having a rated outp
and 1000-volt-amperes. When the source is other than a transformer, the ci
an overcufrent protection device rated no more than 167 percent of the volt-a
rated-voltage. The overcurrent device shall not be interchangeable with overcu

It of no more
rcuit shall be
mpere rating
rrent devices

of higher ratings.

26.2.4 An external control circuit derived from the secondary of a transformer other than that described
in 26.2.3 and the Exception to 26.2.1 shall be provided with overcurrent protection in accordance with
26.2.5. For a transformer not having a rating, the rated primary or secondary current specified in 26.2.5 is
to consist of the maximum current during normal operation of the tracker.

26.2.5 A transformer used to supply a control circuit shall be provided with overcurrent protection in the
primary circuit rated as indicated in Table 26.1.

Exception No. 1: Where the rated primary current of the transformer is 9 amperes or more and 125
percent of this current does not correspond to a Standard rating of fuse or circuit breaker, the next higher
Standard rating of protective device shall be used. Standard ratings of protective devices are specified in
Section 240.6 of the National Electrical Code, ANSI/NFPA 70.
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Exception No. 2: Where the rated secondary current of the transformer is less than 9 amperes, the
overcurrent protection in the secondary circuit is able to be rated or set at no more than 167 percent of the
rated secondary current.

Exception No. 3: Where a control circuit is derived from the secondary of a transformer that is provided
with primary circuit overcurrent protection rated at no more than 250 percent of the rated primary current of
the transformer, additional overcurrent protection is not required in the primary circuit where the secondary
circuit is protected at no more than 125 percent of the rated secondary current of the transformer.

Table 26.1
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

26.3 Outpyt ac power circuit overcurrent protection

26.3.1 An ac output power circuit shall be provided with overcurrent protection for al| ungrounded
conductors gs described in 26.3.2 and 26.3.3. The voltage rating of the overcurrent protection shall not be
less than thg rating of the circuit with which it is used. The voltage rating for a 3-phase cjrcuit shall be
based on th¢ phase-to-phase voltage. The overcurrent\protection device shall be a circuif breaker or a
fuse rated for use as branch circuit protection.

Exception: Qvercurrent protection is not required to be provided with a tracker having|provision for
permanent wWiring connection of the output cireuit and the instruction manual indicates that the overcurrent
protection is fo be provided by others. See67.4(N).

26.3.2 For p tracker having provision for permanent wiring connection of the ac output power circuit, the
rating of thg overcurrent proteetion shall not exceed the ampacity of the conductors intended to be
connected tg the tracker as determined in accordance with 13.1.3.

26.3.3 Whgre a tracker-includes one or more attachment-plug receptacles for connectipns to the ac
output circuit, overcdrrent protection shall be provided for each receptacle. A single overcurrgnt protection
device, whoge rating-does not exceed the ampere rating of any receptacle connected to it, i usable when
all receptacles are‘connected in parallel.

Exception: Two or more 15 ampere rated receptacles in a tracker with 12 AWG (3.3 mm?) minimum
internal wiring are able to be protected by a 20 ampere overcurrent protection device.

26.4 Battery circuits

26.4.1 A tracker intended for connection to a battery circuit shall be provided with overcurrent protection
complying with the requirements described in 26.4.2 and 26.4.3.

Exception: Overcurrent protection is not required to be provided when the instruction manual contains the
statement indicated in 67.4(N).

26.4.2 The overcurrent protective device shall be dc rated and shall be for branch-circuit protection in
accordance with the National Electrical Code, NFPA 70.
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26.4.3 The protective device shall be located adjacent to the battery connecting means ahead of any
component which is able to malfunction under short-circuit conditions such as capacitors, solid-state
devices, or similar components.

27 Printed-Wiring Boards

27.1 A printed-wiring board in an enclosure shall comply with the Standard for Printed-Wiring Boards, UL
796. For a tracker 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
limited-energy (LVLE) circuits and where deterioration or breakage of the bond between, a ¢

the base material does not result in a risk of fire or electric shock.

28 Polymetic Materials Used as Mechanical Parts

28.1
Clamping/Re
UL 2703, sha

29 Conduc

29.1  Wiring
in use other t
or stressing 9
the likelihood
SJO, SJT or
stress will not

Exception: W
persons, an

29.2 Wiring
subjected to 3

29.3 Impred

Polymegric Materials, Section 7, of the Standard for Mounting..Systems, Mount

ention Devices, and Ground Lugs for Use With Flat-Plate_Photovoltaic Modules
| be applied.

ors

that extends between non-moving and maoving parts of a tracker that is subject
nan installation and servicing, shall be stranded and the arrangement shall preq
f terminations as a result of the movement. The wiring shall be routed or protec
of damage to the insulation. The eanductors shall be of a jacketed type — such
pther conductors suitable for thé purpose — and shall be provided with strain
be transmitted to terminals orisplices.

iring in Class 2 circuitry~= where damage of the wire does not result in a ris
ncontrolled motion,dropping payload or the like — need not be jacketed.

that is subject\te motion, and any supplementary insulation provided on the
flexing testito determine the acceptability for the application. See 52.1.

nated-or unimpregnated cotton- or asbestos-insulated wire shall not be employsg

£, A At

PIE TN taotion
191} Al T

low-voltage,
bnductor and

ng Devices,
and Panels,

[0 movement
lude twisting
ed to reduce
as Type SJ,
relief so that

i of injury to

ire, may be

29.4 Metal ulampo atre guidca gsed

. o ey $ho
TUT IUUIIHDGI\J L[<] moultm Ul

rounded edges.

29.5 Auxiliary mechanical protection that is not electrically conductive shall be provided:

brovided with

a) Under a clamp at which pressure is exerted on a conductor having thermoplastic insulation less

than 0

.76 mm (0.030 inch) thick and no overall braid; and

b) On any wire or wires that are subject to motion, as defined in 29.1.

29.6 Tubing shall not be subjected to sharp bends, tension, compression, or repeated flexing, and shall
not contact sharp edges, projections, or corners. Tubing may be used in dry or damp locations but is not
acceptable in wet locations.
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29.7 Rubber-insulated conductors shall not be exposed to oil, grease, oily vapor, or other substance
having a deleterious effect on rubber, unless the insulation has been investigated and found to be
acceptable for the application.

PROTECTION AGAINST RISKS OF INJURY TO PERSONS
30 General

30.1 The requirements in Sections 31 — 36 apply to the normal operation of tracker equipment which
may involve a risk of injury to persons.

30.2 There
eliminated, v
reduce such

if completely
e intended to

alrc I;OIT\D Uf ;lleu_y tU pCIOUIIO ;Ilhclcllt ;II QUITIT tlablr\cl cqu;plllcut that,
ould defeat the utility of the equipment. The requirements in this Section, ar
risks, while retaining the intended function of the equipment.
31 Moving|Parts
31.1 The rd
guarded so 3

tor of a motor, a pulley, a belt, gears, a chain, a fan, or other miaying part shall be enclosed or

s to reduce the risk of injury to persons.

31.2 The effects of the following factors shall be determined for gompliance of an exposed moving part:

a) The degree of exposure,
b) The sharpness of the moving part,

c¢) The risk of unintentional contact therewith,

d) Th
e)Th
These factor

31.3 A belt
but is to be g

sufficiently sharp to present a risk of a cut need not be guarded.

31.4 An op
pulley, a fan,

b speed of the moving part, and

b risk of fingers, arms, feet, orclothing becoming endangered by the moving parf
5 shall be evaluated with respect to both normal and abnormal operation.

or a chain 6 ft (183 m) or more above the base need not be guarded over its
uarded where it-enters a pulley or engages a sprocket. A moving nut or shaft ¢

eningsin a guard or enclosure around a moving part capable of causing injun
a_chain, or the like:

entire length,
nd that is not

y — a gear, a

a) Shall be provided with a baffle to prevent contact with the moving part — see 31.5, or

b) Shall not permit passage of a 1-in (25.4-mm) diameter probe having a hemispherical tip applied
with a force of 3 Ibf (13.34 N) and shall be spaced from the moving part as indicated in 31.5.

Exception: A fan blade is considered to be acceptably guarded or enclosed if it cannot be contacted by the
probe illustrated in Fiqure 8.1.

31.5 A baffle as mentioned in 31.4(a), is considered to prevent contact with a moving part if the distance
from the opening in the guard or enclosure to the moving part, measured around the baffle as illustrated in
Figure 31.1, is not less than 8D minus 1/2 in (12.7 mm), where D is the minor dimension of the opening in
inches but not less than 1/4 in (6.4 mm). No distance is specified between a moving part and an opening
having a minor dimension less than 1/4 in.
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Figure 31.1

Measurement around a baffle

~—— OPENING

G000

EB140

A — Minimum dis

B — Distance fron

C - A minus B.

32 Interrup|

32.1 Interru

33 Clearan
33.1 Where|

the installatio
over 150 volt

7///////////////// =—ENCLOSURE

ance from opening to moving part as specified in 31.5.
h opening to edge of baffle.

tion of Power
btion of power shall not cause the relocation of any parts that would result in a ha
Ce

the conditions of maintenance and supervision assure that only qualified persor
n, the dimensions, ofithe working space in the direction of access to live parts op
5 — or areas of hightemperature, high pressure, or moving parts which could res

of injury to pgrsons — thatware’likely to require examination, adjustment, servicing, or maint

energized sh
shall open at

34 Moving

341

bll be a minimum of 915 mm (3.0 ft). Where controls are enclosed in cabinets
east 90"degrees or be removable.

Parts’— Other Than the Tracker Platform

hzard.

s will service
erating at not
ult in the risk
enance while
, the door(s)

A hinged or pivoted panel or cover shall be positioned or arranged such that it is not subject to

falling or swinging due to gravity or normal vibration that can cause injury to persons by the panel or cover,
by other moving parts capable of causing injury to persons, or by uninsulated live parts.

34.2 The rotor of a motor, a pulley, a belt, gears, a chain, a fan, or other moving part that could cause
injury to persons shall be enclosed or guarded to reduce the risk of unintentional contact with the moving

part.

34.3 A moving part within an integral enclosure that may involve a risk of injury to persons shall comply

with the requi

rements specified in Table 8.1, and shall be considered with respect to the:

a) Degree of exposure;

b) Sharpness of the moving part;
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c) Likelihood of unintentional contact with it;

d) Speed of the moving part; and

e) Likelihood that fingers, arms, or clothing would be endangered by the moving part.

35 Moving

35.1
the tracker is

Parts — Tracker Platform

operating and that platform motion is possible.

When drive power is available to the platform, an indicator shall be provided to let others know that

35.2 The tracker shall be provided with a reliable means to prevent hazards associated with uncontrolled

movement,
a)A
b) Lg

demo
shall

restored; or

c) Fai

36 Emergency Stop

36.1 Anen

space shall e provided around the control panel so that the operator can easily activate th

stop button.

36.2 Thee
type; unguar
the emergen
the start cont

36.3 |If ther
emergency §

36.4 The f{
emergency §
cause all mo

]

nd the like, caused by:
ivation of the emergency stop;

ss of drive power (hydraulic, electrical, pneumatic, and the,lik€). Unles
nstrated that a risk of fire, electric shock and injury to persons isunlikely, the ¢
also be provided with a means not to restart (automatically),the tracker w

ure to complete an intended motion.

ergency stop button shall be provided on the control panel and shall be readily

mergency stop button shall be redin color with a yellow background; palm or mu
Hed; and of the latched type‘dr.equivalent so that it is not possible to restart th
cy stop button is manually-reset. Restarting of the tracker shall only be possiblg
rol after the emergency step switch has been reset.

b is more than one hormal working or control location, each location shall be pra
top button.

racker shall have an emergency stop circuit using hardware-based com
top shall’ override all other controls, remove drive power from the tracker a
ving\parts to stop.

s it can be
ontrol system
nen power is

isible. Proper
e emergency

shroom head
e tracker until
by operating

vided with an

bonents. The
ictuators, and

PERFORMANCE

37 General

37.1 Unless otherwise specified, the tracker is to be energized from a supply that simulates the current-
voltage characteristics and time response of the input source. The tests are to be performed at the
maximum and minimum rated input voltages.

37.2 Overcurrent protection is to be installed in accordance with the manufacturer's instructions.

37.3 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
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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.

38 Maximum-Voltage Measurements

38.1 The maximum voltage determined in accordance with 38.2 and 38.3 is to be used as a basis for the:
a) Calculation of the dielectric voltage-withstand test potentials specified in 40.1, and
b) Determination of the minimum spacings specified in Spacings, Section 20, or Alternate Spacings
— Clearances and Creepage Distances, Section 21.
382 A comlector or comparable part that is expected to be disconnected during intended operation is to
be both conng¢cted and disconnected during the test to obtain maximum voltage.
38.3 When p complex voltage is present, the peak value of the voltage is to be measured gnd this value
is to be used ffor calculation of the dielectric voltage-withstand potential and detérmination of the minimum
spacings. Fof a sinusoidal or a direct current voltage, the rms or average values respectively is to be
measured.
39 Temperature Test
39.1 A tracKer shall not attain a temperature at any point sg.as to result in a risk of fire, to|damage any
material used, to result in the operation of a protective device; or to exceed the maximum femperatures
specified in 3.2 and Table 39.1 and Table 39.2:
a) WHen the tracker is delivering maximumdJrated output power in an ambient temperature as
specified in 39.3, and
b) For a tracker marked for operation.'at a higher ambient at reduced output power, [the test is to
also bg performed at the specified higher ambient and the associated reduced output power.
Table 39.1
Maximum temperature
Degrees
Materials and Components °C °F
1. Capacitdrs:
a. Electrolytic types 65° 149°
b. Other than electrolytic 90° 194°
2. Field wiring terminals 75° 167°¢
3. Vulcanized fiber employed as electric insulation 90 194
4. Relays, solenoids, 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 2307
Resistance method 120 248

Table 39.1 Continued on Next Page
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Table 39.1 Continued

Degrees
Materials and Components °Cc °F
5. Transformer insulation systems:
a. Class 105 (Class A):
Thermocouple method 90 1942
Resistance method 95 203
b. Class 130 (Class B):
Thermocouple method 1108 230°
Resistance method 120 248
c. (lass 155 (Class F):
Thermocouple method 1352 2758
Resistance method 140 284
d. (lass 180 (Class H):
Thermocouple method 1502 3022
Resistance method 160 320
e. (lass 200 (Class N):
Thermocouple method 165° 3292
Resistance method 175 347
f. (lass 220 (Class R):
Thermocouple method 1802 356°
Resistance method 190 374
6. Phenoli¢ composition employed as electrical insulatien or as a part the deterioration of which 1504 302¢
results ip a risk of fire or electric shock
7. Wood apd other combustible material 90 194
8. Rubber] or thermoplastic-insulated wire-and cord 60%-° 1409
9. Other types of insulated wire f f
10. A surfade upon which a statiopaty.tracker is mounted and surfaces that are adjacent to the 90 194
tracker yvhen so mounted
11.  Any poift on or within a terminal box or wiring compartment of a fixed tracker which field- 60° 140°
installeq conductors,are.able to contact
12.  Thermoplastic sealing compound g g
13.  Seleniufn rectifier 75Md 167"¢
14.  Power gemiconductor i i
15.  Printed-wiring board j j

@ At a point on the surface of a coil where the temperature is affected by an external source of heat, the temperature measured by
a thermocouple is able to be 5°C (9°F) higher than that specified when the temperature of the coil as measured by the resistance
method is not more than that specified.

® A capacitor that operates at a temperature of more than 65°C (149°F) for electrolytic or more than 90°C (194°F) for other types
that are rated for a higher temperature shall not exceed its marked temperature limit.

¢ The temperature observed on the terminals and at points within a terminal box or wiring component of a tracker is able to exceed
the values specified and shall not attain a temperature higher than the temperature marking required 64.8 and 67.4 (J) and (K).

9 The temperature limitation on phenolic composition and on rubber and thermoplastic insulation do not apply to a compound that
has heat-resistant properties in accordance with the Standard for Polymeric Materials — Long Term Property Evaluations, UL
746B.

¢ For a short length of rubber- or thermoplastic-insulated cord inside the tracker, a temperature greater than 60° C (140°F) where
each individual conductor has supplementary insulation rated for the measured temperature and has dielectric properties in

Table 39.1 Continued on Next Page
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Table 39.1 Continued

Materials and Components °C

Degrees

°F

fOther than sp

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.

ecified in (e), the maximum temperature shall not to exceed the temperature rating of the wire.

9 The sealing compound temperature limit is 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-s\yitehing-se eneduetorand ar-cdeviees—Hhe-mendram eed 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.
39.2 The temperature of a surface that is subject to contact shall not be mofe-than specjfied in Table
39.2.
Exception: THe temperature maximums specified for casual contact in Table 39.2 do not apply when:
a) Thg tracker is a fixed tracker that is typically not subject fo~Contact by persons;
b) Thg tracker is marked as required by 65.7; and
c) Theg tracker is provided with instructions as specified in 67.4(H).
Table 39.2
Maximum surface temperatures
Composition of surface®
Location Metal Nonmetallic
Handles of knobs that are grasped forlifting, carrying, 50°C (122°F) 60°C (140°F)
or holding
Handles of knobs that are contagted that do not 60°C (140°F) 85°C (185°F)
involve liftihg, carrying, or holding; and other surfaces
subject to pontact and dser maintenance
Surfaces qubject to casual contact® 70°C (158°F) 95°C (RO3°F)
@ A handle| knab, or similar component made of a material other than metal that is plated or clad with metal hajing a
thickness §f0.127 mm (0.005 inch) or less is to be judged as a nonmetallic part.
® See Exception to 39.2.

39.3 The temperature maximums in Table 39.1 and Table 39.2 are based on an ambient temperature of
25°C (77°F). Tests are to be performed in the ambient temperature specified in Table 39.3 and corrected in
accordance with Table 39.3.
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Table 39.3
Temperature measurement correction

Correction of
observed
Ambient temperature rating of tracker Test ambient temperature temperature
Above 40°C (104°F) Rated ambient ? b

@ Tolerances are:
Minus — not less than 5°C (9°F) below rated ambient.

Plus — not specified.

b When t
shall not
than rateq

g¢xceed the maximum temperature limit specified in Table 39.1. When the test ambient temperature.is

ambient, correction is to be made as described in b.

perature
other

39.4 Temp(leratures used to determine compliance are to be stable. A temperature is stab

successive r
less than 15

39.5 During
normal servi

39.6 A trac
be tested in
surface shall

39.7 Therm
thermocoupl
consisting of
be used W
thermocoupl
practice. The
Values of EN
Force (emf) ]

padings taken at intervals of 10 percent of the previously elapsed-duration of the
Mminutes apart, indicate no further increase in temperature.

the temperature test, the tracker is to be connected as specified in 37.1 and 1
e to provide for normal convection cooling.

ker intended for mounting or support in more than one position or in a confined
a manner representing the most severe conditions. An adjacent mounting
consist of 25.4-mm (1-inch) thick soft-pine boards.

ocouples are to consist of wires not larger than 24 AWG and not smaller than 3(

e when three
test, and not

nounted as in

location is to
pr supporting

AWG. When

bs are used in determining temperatures, it is common practice to employ thermocouples

30 AWG iron and constantan wireyand a potentiometer type instrument. Such e
henever referee temperature” measurements by thermocouples are
bs and related instruments.are to be accurate and calibrated in accordance 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.

39.8 A themmocouple jungtion is to be held securely in intimate thermal contact with the s

material bei

tested. Thermocouples are to be secured to surfaces by welding, brazing, sol

earth and sadium silicate (waterglass), adhesive rated for the surface and temperatures in

equivalent
thermocoupl

ethod. Tape is not to be used as a means of securing the thermocouple
lead is to be secured so that strain on the lead does not affect the adhered

luipment is to

required. The

ith laboratory
hces on Initial
Flectromotive

surface of the
jering, fuller's
volved, or an
junction. The

thermocouple

junction. Tape IS usable as a means of strain reliet for the thermocouple junction.

39.9 Coil and winding temperatures are to be measured by thermocouples located on exposed surfaces.

Exception: The change-of-resistance method is to be used for a coil that is inaccessible for attachment of
thermocouples, such as a coil:

a) Immersed in sealing compound,

b) Wrapped with thermal insulation, or

c) Wrapped with more than two layers of material, such as cotton, paper, or rayon, more than 0.8
mm (1/32 inch) thick.
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39.10 The temperature of a winding by the change-of-resistance method is to be determined using the
following formula:

in which:

T=§(k+r) —k

T is the temperature of the winding in degrees C;

Risth

e resistance of the winding at the end of the test in ohms;

ris thd
tis the

k is 2]
for oth

39.11 Local

resistance of the winding at the beginning of the test in ohms;
ambient temperature in degrees C at the beginning of the test; and

B4.5 for copper, 225.0 for electrical conductor grade (EC) aluminuni~\Values of|
er conductor materials are to be determined.

zed component heating is able to occur in products that reduce their output p

increase in t
Capacitors,
independent
subsequent

peak temperature results is to be taken as the component.operating temperature and shal

39.1, or the
Maximum Us
746C.

40 Dielectr

40.1 Immed
shall withstan

a) Ong thousand volts plus:twice the maximum voltage (see 38.1) between:

mperature. For example, heat generating components,csuch as Transforme
emiconductors and other similar components, whieh quickly increase in
f the temperature sensing device, are able to aftain thermal peaks prior t
wer reductions. This is more prevalent in a lower ambient. In such instances, t

results shall be investigated to the requirements for Temperature Excursions
e Temperature in the Standard for Polymeric Material — Electrical Equipment Ev

¢ Voltage-Withstand Test

iately following the temperature test or with the tracker at normal operating te|
d for 1 minute without breakdown the application of an ac rms test potential of:

1) The inputicircuit and dead metal parts,
2) Theroutput circuit and dead metal parts, and

3):The input and output circuits.

the constant

pwer with an
s, Inductors,
temperature,
b the first or
he measured
comply with
Beyond the
aluations, UL

mperature, it

b) Five hundred volts between a secondary circuit operating at 50 volts or less and dead metal
parts; 1000 volts plus twice the maximum secondary circuit voltage between a secondary circuit
operating at more than 50 volts and dead metal parts.

c) One thousand volts plus twice the voltage between the terminals of a capacitor used across the
ac or dc power circuit for electromagnetic interference elimination or power factor correction; 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 or the Standard for Electrochemical Capacitors, UL 810A.
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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.

40.2 To determine whether a tracker complies with the requirements in 40.1, the it is to be tested using a
500 volt-ampere or larger capacity transformer, the output voltage of which is variable. The applied
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.

40.3 A low-
circuit which
proper isolat

voltage control circuit or a sensor circuit is not required to be connected during
is connected from input to output circuit shall remain connected during the ites
on in accordance with 2.23.

the test. Any
t and provide

41 Overlogd Test
41.1 The trpcker shall operate without a risk of fire, electric shock or injury to persons whep the platform
is loaded to 125 percent of its rated weight load capacity and operated for at maximum spegd for 3 hours,

or until therm

al equilibrium is reached or is prevented from operation’ by overload protection

time during the test period. See 41.2 for definition of thermal equilibrium.

41.2 Therm
intervals indi

42 Bondin

421 The
measured in

42.2 Direct
between the
mounting syj
the rack mol
using the vo
mm) of the p

Exception: A

al equilibrium is considered attained when three successive readings taken
Cate that there is no temperature increase ofithe part(s).

j Path Resistance Test

bsistance between grounding *or’ bonding junctions shall not be more than
accordance with 12.2.

current equal to twice the fuse ampere rating specified for the PV module is

grounding/bonding.\connection points (for example; the PV module framg
tem frame, which_may be through the bonding clamp device, if applicable, and
nting system frame connection points, where applicable). The resistance is to
tage drop.tmeasured between the grounding terminal or lead and a point withi
bint of current injection.

direct current of 25 amperes may be substituted for twice the fuse ampere rating

means at any

at 15 minute

0.1 Q when

to be passed
to the rack
also through
be calculated
n1/2in (12.7

J.

42.3

parts, there is to be a cooling time of at least 15 min between tests.

43 Strain Relief Test

43.1

damage or displacement a direct pull of:

If more than one test is needed to evaluate all the paths of conduction between accessible metal

A wiring lead intended for field-wiring connection — see 13.3.1 and 13.3.3 — 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.
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43.2 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.

44 Reduced Spacings on Printed Wiring Boards Tests

441

4411

General

With reference to Exception No. 6(a) to 20.1.1, printed wiring board traces of different potential

having reduced spacings shall comply with the Dielectric Voltage-Withstand Test, Section 44.2.

44.2 Dielectric voltage-withstand test

44.2.1 A pripted wiring board as specified in 44.1.1 shall withstand for 1 minute without ‘bheakdown the
application of a potential between the traces having reduced spacings in accordance With 40.1, as
appropriate.

44.2.2 Power-dissipating component parts, electronic devices, and capacitors’connected bg

having reduc
than these co

45 Bonding

451 The B

and Panels, U
46 Stability

46.1 A free
returntoits n

a) Canted through an angle of 10 degrees in the direction of least stability from an at

onah
b) Pla
c) Pos

applie
is less

bd spacings are to be removed or disconnected so that the spacings and insul
Mmponent parts, are subjected to the full test potential.

Conductor Test

L 2703, shall be applied.
Test

btanding tracker shall be positioned in the least stable normal operating posit
brmal at-rest position and not fip over when:

prizontal surface,
Ced on a plane inclined at an angle of 10 degrees from the horizontal, or

itioned inaecordance with the manufacturer's instructions, and subjected to 3
i horizontal force of 20 percent of the weight of the tracker or 22.7 kg (50 pound
. See 46.3.

tween traces
btions, rather

bnding Conductor Test in Section 22 of the_Standard for Mounting Systems, Mounting
Devices, Clamping/Retention Devices, and Ground Lugs, for Use With Flat-Plate Photovol

taic Modules

on and shall

Hrest position

n externally-
5), whichever

Exception: A fixed tracker is not required to be tested for stability.

46.2 When a part or surface of the tracker that is not normally in contact with the horizontal supporting
surface touches the supporting surface before the tracker has been tipped to an angle of 10 degrees, the
tipping is to be continued until the surface or plane of the surface of the tracker originally in contact with the
horizontal supporting surface is at an angle of 10 degrees from the horizontal supporting surface.

46.3 The force specified in 46.1(c) is to be applied in a horizontal direction at that point on the tracker
that is expected to overturn the tracker structure. The force is not to be applied more than 1.5 m (5 feet)
above floor level. The legs or points of support are to be blocked to prevent the tracker from sliding during
the application of the force.
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47 Enclosure Mounting Static Load Test

47.1 When mounted as specified by the manufacturer, any enclosure that is intended to be fastened to a
supporting base of the tracker shall be loaded as described in 47.2 with a force equal to three times the
weight of the enclosure and not less than 89 N (20 Ibf). As a result of the loading, there shall not be
permanent deformation, breakage, dislocation, cracking, or other damage to the enclosure or the tracker
or its mounting hardware.

Exception: An enclosure intended for floor mounting securement is not required to be subjected to this
test.

47.2 The force-is-to-be-applied-through-the-centerof gravity of the-enclosureis-to-be-increased gradually
so as to reach the required value in 5 to 10 seconds, and is to be maintained at that value.for[1 minute.

48 Compre

48.1 An erfclosure that is thinner than that specified in Table 4.1, Table74.2, or Table[ 4.3 shall be
constructed $o that during the test described in 48.2, the resulting deflection does not resylt in spacings
less than spgcified in Spacings, Section 20, or Alternate Spacings — Clearances and Creepape Distances,
Section 21.

48.2 A force of 445 N (100 pounds) is to be applied to the endy side, and walls of the epclosure. 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.

49 Rain and Sprinkler Tests
491 Genergal

49.1.1 Befqre a rain or sprinkler test.ig performed, the tracker is to be fitted with the intended supply
connection nmeans as described in thettacker's installation instructions.

49.1.2 A trhacker intended for-multiple mounting orientations shall be tested in all the intended
orientations.

49.1.3 Thelrain and sprinkler tests are to be performed in the operating sequence specified|in Table 49.1.

Table 49.1
Operating sequence for rain and sprinklertests |
Duration in hours Tracker Water
1 On Off
1/2 Off On
1 On On
12 Off On

49.1.4 As aresult of the rain and sprinkler tests, no water shall enter the tracker.

Exception: When water enters ground-mounted or surface-mounted trackers and the water does not wet
any wiring or other electrical parts that are not inherently waterproof, and when the tracker is provided with
drain holes in accordance with 4.9.14, the tracker is in compliance with the rain and sprinkler tests.
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49.2 Rain test

49.2.1 Atracker required to be subjected to a rain test is to be tested as described in 49.2.2 and 49.2.3.

49.2.2 The water spray test apparatus is to consist of three spray heads mounted in a water supply pipe
rack as shown in Figure 49.1. Spray heads are to be constructed in accordance with the details shown in
Figure 49.2. The tracker is to be set up as in a normal installation with conduit connections. Each electrical
enclosure is to be positioned in the focal area of the spray heads so that the greatest possible quantity of
water enters the enclosure. The water pressure is to be maintained at 34.5 kPa (5 psi) at each spray head.

49.2.3 Where gaskets are utilized, the tracker shall be tested after the temperature test or after operation
for 1/2 hour’ followed hy removal-and reinstallation of Hnnre, 2CCEeSS pannle, fr:\mne, cOVErS, Or other

removable pgrts serving to compress the gasket.
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Figure 49.1
Spray head piping

PLAN VIEW

]
~

o~

WATER PRESSURE GAGE
FOR EACH SPRAY HEAD

&~

A

R

SEE DETAIL OF SPRAY HEADS

PIEZOMETER AS

DETAIL A’

¢

/
1
4
s 1
4
4

\
\
\
\
\
\

1
L 1
1
1

SEMBLY

L=

RT101E

RNY, D
N— CONTROL VALVE FOR \%
EACH SPRAY HEAD N
N\,
SIDE VIEW )
ltem inch adlas
A 28 710
g 55 1400
C 2—-1/4 55
D 9 230
e 3 75


https://ulnorm.com/api/?name=UL 3703 2025.pdf

80

UL 3703 APRIL 22, 2025

Figure 49.2
Spray head
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