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TEST REPORT 

UL 458 

Standard for Safety  

Power Converters/Inverters and Power Converter/Inverter Systems for 
Land Vehicles and Marine Crafts 

  

Report Reference No. ..................... : CTK20230811014 

Tested by (name + signature) ....... : Leo Zheng 

Approved by (name + signature) .. : Alan Lan 

Date of issue ................................... : 2023-08-28 

Total number of pages ................... : 62 

Testing Laboratory ......................... : Guangzhou Certitek Testing Services Co., Ltd.  

Address ........................................... : Room703/7F, Development Building, Tian An Hi-Teck Ecological 
Park, No.555 North Road Panyu Avenue, Panyu District, 
Guangzhou, 511400, China 

Applicant’s name ............................ : YUEQING RELIABLE ELECTRIC CO.,LTD. 

Address ........................................... : No.3rd Qitou Industrial Zone, Liushi Town, Yueqing city, Zhejiang 
Province, China, 325601. 

Test specification:  

Standard .......................................... : UL 458:2015 

Test procedure................................ : UL 

Non-standard test method………..:      N/A 

Test Report Form No. ..................... : 

Test Report Form(s) Originator ..... : 

UL458A  

CERTITEK 

Master TRF ...................................... : Dated 2015-09 

Test item description ..................... : WZRELB 7000W Split Phase Pure Sine Wave Inverter, 48V DC to 
120V 240V AC, 4 AC Outlets, AC Hardwire Terminal, High 
Efficiency up to 91.6% 

Trade Mark ...................................... : WZRELB 

Manufacturer ................................... : YUEQING RELIABLE ELECTRIC CO.,LTD.  

Address ........................................... : No.3rd Qitou Industrial Zone, Liushi Town, Yueqing city, Zhejiang 
Province, China, 325601.  

Model/Type reference .................... : SPVC700048  

ASIN ................................................. : B0CBB4PHVK 

Ratings ............................................ : Input: 48V DC 

Output: 120V/240V～,60Hz,7000W 
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Summary of testing: 

Tests performed (name of test and test 
clause): 

Full type test according to: 

UL 458:2015 

Unless otherwise specified, the model 
SPVC700048 was chosen as representative 
models to perform all tests. 

 

The submitted samples were found to comply with 
the requirements of above test specification 

Testing location: 

Guangzhou Certitek Testing Services Co., Ltd. 

Room703/7F, Development Building, Tian An Hi-
Teck Ecological Park, No.555 North Road Panyu 
Avenue, Panyu District, Guangzhou, 511400, China 

Summary of compliance with National Differences: 

None 

Copy of marking plate： 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Remark on above marking 

List of Attachments:  

Attachment 1: Photo Document 

WZRELB 7000W Split Phase Pure Sine Wave Inverter, 48V DC to 
120V 240V AC, 4 AC Outlets, AC Hardwire Terminal, High 

Efficiency up to 91.6% 

Model: SPVC700048 

DC Input: 48V DC 

Input Range:40V-60V DC 

High battery shut down range: 60V 

Efficiency:85%-90%  

AC Output Voltage: 120V/240V～  

AC Regulation:3%  

Output Frequency: 60Hz  

Output Power: 7000W 

YUEQING RELIABLE ELECTRIC CO.,LTD  

No.3rd Qitou Industrial Zone, Liushi Town, Yueqing city, Zhejiang 
Province, China, 325601 
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Possible test case verdicts:  

- test case does not apply to the test object ............. : N/A 

- test object does meet the requirement .................. : P (Pass) 

- test object does not meet the requirement ............ : F (Fail) 

Testing ..................................................................... :  

Date of receipt of test item ....................................... : 2023-08-11 

Date (s) of performance of tests .............................. : 2023-08-11 -  2023-08-28 

Name and address of factory (ies)  .......................  : YUEQING RELIABLE ELECTRIC CO.,LTD.  

No.3rd Qitou Industrial Zone, Liushi Town,Yueqing 
city, Zhejiang Province, China, 325601. 

General remarks: 

"(See Enclosure #)" refers to additional information appended to the report. 

"(See appended table)" refers to a table appended to the report. 

Throughout this report a comma /   point is used as the decimal separator. 

General product information:   

The SPF series pure sine wave inverter is the high frequency inverter with the split phase output. It can 
supply both 120Vac and 240Vac in the same time. Its wire terminal can connect to the circuit panel in the 
house directly. 

Rated Continuous power: 7000W 

Surge output power: 2 times higher than the rated power 

DC Input Voltage : 48V 

DC input voltage range:40~60VDC 

High battery shut down range: 60V 

Output voltage (nominal): 120VAC and 240VAC 

AC output frequency: 50±2Hz/60±2Hz 

AC output waveform: Pure sine wave 

Conversion efficiency: ≧90% 

Ambient operating temperature range: 32℉-104℉/0℃-70℃ 

Cooling method:Intelligent temperature controlled fan or the load power reaches to the half of the inverter 
power 

Protection: Input low voltage protection, Input high voltage protection, overload protection, temperature 
protection, short circuit protection, battery reverse protection.  

Packing: inverter, cable, fuse, manual,warranty card 

Test item particulars .............................................. :  

Equipment mobility……………………………….……: Fixed installation 

Degree of protection …..…………………………..….: IP20 

Supply construction……………………………..…..…: Connected to fixed wiring 
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 CONSTRUCTION - 

6 General  P 

6.1 A unit shall employ materials that are acceptable 
for the intended use. 

 P 

7 Frame and Enclosure  P 

7.1 A unit shall be so formed and assembled that it will 
have the strength and rigidity necessary to resist 
the abuses to which it may be subjected without 
increasing the risk of fire, electric shock, or injury 
topersons due to total or partial collapse with 
resulting reduction of spacings, loosening or 
displacement of parts, or other serious defects. 

 P 

7.2 A unit shall be provided with an enclosure 
acceptable for the intended application that shall 
house all parts other than the power-supply cord or 
primary connector and the output leads or terminals 
that may increase the risk of fire, electric shock, or 
injury to persons under normal conditions of use. 

 P 

7.3 A cast- or sheet-metal section of the enclosure 
shall have a thickness not less than that specified 
in Table 7.1 . 

1.62mm P 

7.4 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. 

 P 

7.5 If the dimensional integrity of nonmetallic material 
employed for a part is depended upon to maintain 
continuity of a grounding system, the material is to 
be investigated with respect to: 

 N/A 

 a) Dimensional stability;  N/A 

 b) Mechanical strength; and  N/A 

 c) Resistance to creeping and distortion at 
temperatures to which the material may be 
subjected under conditions of intended use. 

 N/A 

 The material shall not display a loss of these 
properties beyond the minimum acceptable level as 
a result of aging. 

 N/A 

7.6 A nonmetallic part (such as a reset knob, a lever, or 
a button) protruding through a hole in the 
enclosure, shall be made of a material classed as 
V-0, V-1 , or V-2 in accordance with the Standard 
for Tests for Flammability of Plastic Materials for 
Parts in Devices and Appliances, UL 94, if the area 
of the hole is 0.6 in 2 (387.1 mm

2
 ) or less. 

Nonmetallic parts protruding through a hole having 
an area larger than0.6 in 2 shall be made of 
materials that comply with the requirement in 7.4 

 N/A 
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 Exception No.1: A part of a component need not be 
classed V-0, V-1 , or V-2 if it complies with the 
flammability requirements applicable to the 
component. 

 N/A 

 Exception No.2: A part need not be classed V-0, V-
1, or V-2 if, when removed, there are no live parts 
or moving parts accessible to the user as 
determined by the requirements in Section 9, 
Accessibility of Uninsulated Live Parts, Film-Coated 
Wire, and Moving Parts. 

 N/A 

7.7 A conductive coating applied to a nonmetallic 
surface (such as the inside surface of a cover or an 
enclosure) shall comply with the applicable 
requirements in the Standard for Polymeric 
Materials – Use in Electrical Equipment 
Evaluations, UL 746C. 

Exception: If flaking or peeling of the coating will 
not result in a risk of fire or electric shock as a 
result of a reduction of spacings or the bridging of 
live parts, then the coating need not comply with 
UL 746C. 

 P 

7.8 Over temperature and over current protection shall 
be located within the unit enclosure. See 21.2.1 –
21.2.3. 

 P 

7.9 A door or cover of an enclosure shall be hinged or 
attached in an equivalent manner if it provides 
access to an overload-protective device the 
normal functioning of which requires renewal, or if 
it is necessary to open the cover in connection 
with normal operation of the protective device. A 
door or cover providing access to a fuse holder 
shall be tight-fitting and shall be positively held 
closed. 

 N/A 

7.10 A unit shall be provided with means for securely 
mounting the unit in its intended operating 
position.Bolts, screws, or other parts used for 
mounting the unit shall be independent of those 
used for securing components. 

 P 

7.11 If 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. 

 P 

 An electrical instrument connected in a secondary 
circuit need not comply with this requirement if 
damage to or deterioration of the materials of 
which the housing is made will not result in a risk 
of electric shock or fire. 

 N/A 

7.12 Material supporting terminals or used as internal 
electrical insulation of an electrical instrument 
shall comply with the requirements in Section 17, 
Insulating Materials 

 P 
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 An electrical instrument connected in a secondary 
circuit need not comply with this requirement if 
damage to or deterioration of the materials will not 
result in a risk of electric shock or fire. 

 N/A 

7.13 Supporting feet of a unit that form part of the 
enclosure or are needed for ventilation shall be 
reliably secured and the resistance to aging, 
physical properties, and resistance to combustion 
of the material shall be investigated. 

 P 

7.14 A compartment or part of an enclosure that will 
contain field-wiring splices in other than a Class 2 
circuit shall not be provided with ventilating 
openings 

 p 

7.15 The enclosure of a unit shall be such as to 
prevent molten metal, burning insulation, flaming 
particles, or the like from falling on combustible 
materials, including the surface upon which the 
unit is supported. See Section 50, Burnout Test. 

 p 

7.16 If a screen is needed in the bottom of an enclosure 
to comply with the requirements in 7.18 and 7.19, it 
shall be 14 mesh steel with a minimum wire 
diameter of 0.018 in (0.46 mm) and shall be 
mechanically secured in position. 

 N/A 

7.17 For a unit having holes in the bottom of the 
enclosure, the requirements in 7.15 will necessitate 
the use of: 

 P 

 a) Internal wiring insulated with neoprene, 
thermoplastic, or glass fiber, or an equally fire- 
retardant material. 

 P 

 b) An individually enclosed fuse, such as an 
extractor type. Consideration will be given to a 
fuse enclosed with a transformer winding. 

 P 

7.18 A component having a magnetic winding or coil, 
such as a relay or a solenoid, shall be individually 
and completely enclosed, or subjected to the 
burnout tests described in 50.1.1 and 50.2.1 . 

 P 

7.19 Arcing parts of a switch or relay located in an 
enclosure having ventilating openings in the 
bottom shall be individually and completely 
enclosed, or the switch or relay shall be subjected 
to the arcing overload test described in 50.3.4 

 P 

8 Enclosures Used For Protected Environments  P 

8.1 A protected environment enclosure provided for 
compliance with 29.1.1 shall be constructed so as 
to protect the internal parts of the appliance against 
conductive contaminants and shall comply with the 
Atomized Water Test, Section 52. 

 P 
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 A part that is uniformly coated or completely 
encapsulated need not be subjected to the 
Atomized Water Test. 

 N/A 

8.2 A protected environment enclosure may be 
provided by means of an enclosure that is: 

 P 

 a) Hermetically sealed;  P 

 b) Provided with gasketed, tight fitting joints and 
doors or covers; 

 P 

 c) Welded, sonic ally welded, solvent cemented, or 
provided with tongue and groove joints and seams; 

 P 

 d) Encapsulated (potted);   P 

 e) Conformally coated with a compound that 
complies with the Standard for Polymeric Materials 
– Use in Electrical Evaluations, UL 746C, and with 
the intended application. 

 P 

8.3 All openings used for cords, leads, bushings, 
connectors, and the like shall be constructed to 
preclude entry of dust or other contaminants. 

 P 

8.4 Gaskets intended to provide tight fitting joints, 
doors, and covers for a protected environment 
enclosure shall comply with the Gasket Tests, 
Section 50. 

 P 

8.5 Potting shall be used within its temperature rating. 
Prior to potting, all parts shall be mechanically 
secured. 

 N/A 

9 Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts - 

9.1 General  - 

9.1.1 An uninsulated live part, film-coated wire, or 
moving part, that could result in a risk of electric 
shock or injury to persons shall be located or 
enclosed so that unintentional contact is precluded. 

 P 

9.1.2 An opening in the enclosure of a unit that will not 
permit entrance of a 3/4-in (19.1 -mm) diameter 
rod is acceptable if a probe as illustrated in Figure 
9.1 cannot be made to touch any uninsulated live 
part,film-coated wire, and moving part, that could 
result in a risk of electric shock when inserted 
through the opening. 

 P 

9.1.3 Perforated sheet metal shall not be less than 
0.042-in (1.07-mm) thick if the perforations are 1 
/2 in 2(3.2 cm

2
 ) or less in area, and shall not be 

less than 0.080-in (2.03-mm) thick for larger 
openings. 

 N/A 
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 Perforated sheet metal not less than 0.020-in 
(0.51 -mm) thick may be used where the 
indentation of a guard or enclosure will not affect 
the clearance between uninsulated live parts, film-
coated wire, or moving parts and grounded metal. 

 N/A 

9.1.4 A door or cover that provides access to a live part, 
film-coated wire, or moving part, that may result in 
a risk of electric shock, shall be securely held in 
place so that it can be opened or removed only by 
using a tool. 

 N/A 

9.2  User servicing  P 

9.2.1 Live parts, film-coated wire, and moving parts 
shall be arranged and covers located so as to 
reduce the likelihood of a risk of electric shock 
while covers are being removed and replaced if it 
is necessary to do so to perform a servicing 
function as indicated in the operator’s instruction 
manual accompanying the unit. 

 P 

9.2.2 Live parts, film-coated wire, and moving parts 
shall be: 

 P 

 a) Recessed at least 1/8 in (3.2 mm) from the 
plane of the front of the fixed portion of an 
enclosure; 

 P 

 b) Recessed at least 1/8 in (3.2 mm) from the 
front edge of a wiring compartment, in the case of 
a device mounted to the face of a wiring 
compartment; 

 N/A 

 c) Afforded equivalent protection by projections or 
guards. 

 N/A 

 To determine whether such live parts, film-coated 
wire, and moving parts comply with the 
requirement in 9.2.1, the cover is to be removed 
and replaced. Contact of either persons or a 
conductive cover with live parts, film-coated wire, 
or moving parts is unacceptable. 

 P 

9.2.3 Operations and adjustments that are considered 
to subject parts to contact by the user include 
those made at the time of installation or during 
normal use, and operations such as relamping, 
replacing a fuse, and resetting an overload 
device. 

 P 

9.2.4 A part on the back of a component mounting 
panel and a part located so as to require major 
disassembly by using a tool are not considered to 
be exposed to the user, and are not considered to 
be exposed to the serviceman unless it is likely 
that servicing will be done while the parts are 
energized after disassembly. 

 P 

9.3 Serviceman servicing  P 
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9.3.1 An electrical component that may require 
adjustment, servicing, or maintenance not 
specified in the operator’s manual 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 the service man to the 
likelihood of electric shock or injury to persons.  

 P 

 Access to components for servicing shall not be 
impeded by other components or by wiring in the 
direction of access. 

 P 

9.3.2 The electrical components mentioned in 9.3.1 
include a fuse and an adjustable control. 

 P 

9.3.3 All conductive internal parts that are accessible to 
service personnel and that are usually expected to 
be at ground potential (heat sinks and the like), 
but are energized and involve a risk of electric 
shock,shall be marked in accordance with 58.22. 

 P 

10 Assembly P 

10.1 An uninsulated live part shall be secured to the 
base or surface so that it will be prevented from 
rotating or shifting in position as the result of 
normal stresses if such movement might result in 
a reduction of spacings below the minimum 
acceptable values. See Section 29, Spacings. 

 P 

10.2 A component such as a rectifier element, control 
switch, lamp holder, attachment plug receptacle, 
or plug connector shall be mounted securely and 
shall be prevented from turning by means other 
than friction between surfaces. 

 P 

 Exception No. 1 : A switch, if the following 
conditions are met: 

 
P 

 a) The switch is a plunger or other type that does 
not tend to rotate when operated–a toggle switch 
is considered to be subject to forces that tend to 
turn the switch; 

 

P 

 b) The means for mounting the switch makes it 
unlikely that operation of the switch will loosen it; 

 
P 

 c) Spacings are not reduced below the minimum 
acceptable values if the switch rotates; 

 
P 

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

 
P 

 Exception No. 2: A lamp holder of the type in 
which the lamp cannot be replaced, such as a 
sealed neon pilot or indicator light, if rotation 
cannot reduce spacings below the minimum 
acceptable value. 

 

N/A 
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10.3 A small stem-mounted device having a single-hole 
mounting means may be prevented from rotating 
by a lock washer properly applied. 

 
N/A 

10.4 If a switch or circuit breaker is mounted such that 
movement of the operating handle, either linearly or 
rotation ally, between the on and off positions 
results in one position being above the other 
position, then the upper position shall be the on 
position. This requirement does not apply to a 
switching device having two on positions such as a 
double throw switch. 

 

N/A 

11 Protection Against Corrosion P 

11.1 Iron and steel parts shall be protected against 
corrosion by enameling, painting, galvanizing, 
plating,or an equivalent means. 

 
P 

 Exception No.1: Bearings, laminations, other parts 
of iron or steel such as washers and screws, need 
not comply with this requirement. 

 
P 

 Exception No.2: A part the corrosion of which 
would not result in a risk of fire, electric shock, or 
injury to persons need not comply with this 
requirement. 

 

p 

12 Supply Connections - 

12.1 Permanently-connected converters or 
inverters 

 
- 

12.1.1 General  - 

12.1.1.1 A unit intended for permanent connection to the 
source of supply shall have provision for the 
connection of one of the wiring systems that is 
acceptable for the unit. 

 

P 

12.1.1.2 A knockout in a sheet-metal enclosure shall be 
reliably secured and shall be removable without 
undue deformation of the enclosure. 

 
N/A 

12.1.1.3 A knockout shall be surrounded by a flat surface 
adequate for seating of a conduit bushing or lock 
nut of the appropriate size and shall be located so 
that installation of a bushing at any knockout likely 
to be used during installation will not result in 
spacing between an uninsulated live part and the 
bushing to be less than that specified in Spacings, 
Section 29. 

 

N/A 

12.1.1.3.1 In measuring a spacing between an uninsulated 
live part and a bushing installed in a knockout as 
mentioned in 12.1.1.3, it is to be assumed that a 
bushing having the dimensions specified in Table 1 
2.1 is in place, in conjunction with a single lock nut 
installed on the outside of the enclosure. 

 

P 
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12.1.1.4 A field-wiring compartment in which power-supply 
connections are to be made shall be located so 
that the connections may be readily inspected after 
the unit is installed as intended. 

 

P 

12.1.1.5 Wire connections in a flush-mounted unit may be 
accessible upon removal of a front panel from the 
base of the enclosure. 

 
P 

12.1.1.6 A field-wiring compartment intended for connection 
of a wiring system shall be attached to the unit so 
that it will be prevented from turning. 

 
P 

12.1.1.7 If a separate field-wiring compartment is not 
provided, space for field-wiring connections shall 
be located near the connecting means and shall 
permit routing of the wiring away from live parts 
and rough metal. See 12.1.1.4. 

 

P 

12.1.1.8 A field-wiring compartment shall be constructed so 
that wiring is protected from: 

 
P 

 a) Sharp edges, including screw threads, burrs, 
fins, and the like that may abrade the insulation on 
conductors or otherwise damage the wiring; 

 
P 

 b) Terminals; and  P 

 c) Other live parts.  P 

12.1.1.9 To determine whether wiring is prevented from 
being forced against live parts or sharp edges, a 
trial installation is to be made using only ordinary 
care. The system used for the test is to be 
representative of the various constructions and 
installation methods that may be employed. 

 P 

12.1.2 Wiring terminals and leads  P 

12.1.2.1 A field-wiring terminal is considered to be a 
terminal to which power supply or other permanent 
connections will be made in the field when the unit 
is installed. 

 N/A 

12.1.2.2 The field-wiring terminals or leads shall be 
acceptable for the connection of conductors having 
an ampacity acceptable for the rating of the unit. 

 P 

12.1.2.3 A wiring terminal shall be provided with a soldering 
lug or pressure terminal connector securely 
fastened in place, for example, firmly bolted or held 
by a screw. A wire-binding screw may be employed 
at a wiring terminal intended for connection of a 10 
AWG or smaller conductor if upturned lugs or the 
equivalent are provided to hold the wire in position. 

 N/A 
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12.1 .2.4 A wiring terminal shall be prevented from turning or 
shifting in position by a means other than friction 
between surfaces. This may be accomplished by 
two screws or rivets; by square shoulders or 
mortises; by a dowel pin, lug, or offset; by a 
connecting strap or clip fitted into an adjacent part; 
or by an equivalent method. 

 N/A 

12.1.2.5 A wire-binding screw at a field-wiring terminal shall 
not be smaller than No.10. 

 P 

 Exception No.1: A No.8 screw may be used at a 
terminal intended only for the connection of a 14 
AWG conductor. 

 N/A 

 Exception No.2:A No.6 screw may be used for the 
connection of a 16 AWG or 18 AWG control-circuit 
conductor. 

 N/A 

12.1.2.6 A wire-binding screw shall thread into metal.  P 

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

 
P 

 Exception: A plate not less than 0.030-in (0.76-mm) 
thick is acceptable if the tapped threads have 
adequate mechanical strength. 

 
P 

12.1.2.8 There shall be two or more full threads in the metal 
of a terminal plate. The metal may be extruded at 
the tapped hole to provide at least two full threads. 

 
P 

12.1.2.9 Upturned lugs, a cupped washer, or the equivalent 
shall be capable of retaining a conductor of the size 
specified in 12.1.2.2 under the head of the screw or 
washer. 

 

N/A 

12.1.2.10 The free length of a lead inside an outlet box or 
wiring compartment shall be 6 in (152 mm) or more 
if the lead is intended for field connection to an 
external circuit. 

 

N/A 

 Exception: A lead may be less than 6-in long if it is 
evident that the use of a longer lead might result in 
a risk of fire or electric shock. 

 
N/A 

12.1.2.11 A lead in a wiring compartment intended for field 
connection shall be provided with strain relief 
complying with 43.3 so that stress on the lead will 
not be transmitted to terminals, splices, or interior 
wiring. 

 

P 

12.1.2.12 A terminal intended for connection of a grounded 
power-supply conductor shall be made of or plated 
with metal substantially white in color and shall be 
readily distinguishable from other terminals; or 
proper identification of that terminal shall be clearly 
identified in some other manner, such as on an 
attached wiring diagram. 

 

P 
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12.1.2.13 The surface of a lead for the connection of a 
grounded power-supply conductor shall have a 
white or gray color and shall be readily 
distinguishable from other leads. 

 

N/A 

12.1.2.14 For a device having components intended to be 
mounted on a cover of an outlet box or similar 
enclosure, wiring terminals or other live parts and 
sharp-edged grounded or dead metal parts shall be 
located or protected so that they will not be forced 
against wiring in the box during installation or 
servicing. 

 N/A 

12.1.2.15 With reference to the requirements in 12.1.2.14, 
back wiring terminals may be employed if they are 
recessed or are protected by close-fitting barriers 
of insulating material or the equivalent that will 
prevent contact with wiring installed in the box. 
Terminals that do not project into the box beyond 
the plane of the front edge of the box are 
acceptable. 

 

N/A 

12.1.2.16 6 With reference to 12.1.2.15, guards provided 
along the sides of terminals and extending not less 
than 1/4 in (6.4 mm) beyond the terminals before 
wiring, with a corresponding guard between 
double-pole switching mechanisms, are 
acceptable. 

 

N/A 

12.1.2.17 To determine whether a construction other than 
that described in 12.1.2.16 will prevent wiring in the 
box from being forced against live parts or sharp 
edges, a trial installation is to be made, using only 
ordinary care and employing Type NM cable or 
supply cord of the sizes having ampacities in 
accordance with the rating of the device. The wire 
is to extend 6 in (152 mm) inside the box from its 
point of entrance into the box. 

 

N/A 

12.2 Cord connection  P 

12.2.1 General - 

12.2.1.1 Other than a flush-wall mounted unit or a unit for 
which specific installation instructions are required, 
a unit requiring provision for connection to a source 
of supply that will facilitate the interchange of 
equipment to maintain continuous service or 
otherwise meet special conditions of use may 
employ Type S, SE, SEOO, SO, ST, STO, SJ, 
SJE, SJEOO, SJO, SJT, SJTO, SP-3, or SPT-3 
flexible cord with a grounding conductor 

 

P 

12.2.1.2 The current and voltage ratings of a flexible supply 
cord and attachment plug for a unit shall not be 
less than the input rating of the unit. The loads 
drawn by a single or duplex receptacle shall be 
included in determining the input rating as 
described in 56.4. 

 

P 
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12.2.1.3 The length of supply cord external to the unit shall 
not be more than 3 ft (914 mm) measured from the 
face of the attachment plug to the point of entry. 

 
N/A 

12.2.1.4 A power supply cord shall terminate in a 
grounding-type attachment plug. 

 
N/A 

12.2.1.5 The ampacity of the attachment plug shall not be 
less than 125% of the marked input rating of the 
unit. 

 
P 

12.2.1.6 A cord-connected unit shall not have more than 
one single or duplex enclosure-mounted 
grounding-type receptacle for general use and 
there shall be no provision for remotely wired line-
voltage circuits. 

 

P 

12.2.2 Strain relief  N/A 

12.3 Bushings N/A 

13 Low-Voltage DC Connections and Wiring P 

13.1 General P 

13.1.1 A unit shall have one of the following provisions for 
output connections: 

 
P 

 a) A wiring compartment and terminals complying 
with the requirements in 13.1.2 – 13.1.5, 

 
P 

 b) A receptacle or attachment plug complying with 
the requirements in 13.1.6 – 13.1.12, 

 
P 

 c) Unenclosed individual leads complying with the 
requirements in 13.1.13 – 13.1.15. 

 
P 

13.1.2 An opening in a wiring compartment for output 
connections shall be an opening or knockout for a 
standard trade size conduit, or an opening of 
unspecified size provided with an acceptable 
insulating bushing. 

 

P 

13.1.3 Leads provided in the wiring compartment shall be 
provided with strain relief so that stress on the 
leads will not be transmitted to terminals, splices, 
or interior wiring. 

 

P 

13.1.4 Terminal assemblies provided for the connection 
of low-voltage external circuits shall comply with 
the requirements for line-voltage circuits. 

 
P 

13.1.5  A field-wiring terminal assembly provided as part 
of a transfer mechanism shall comply with the 
requirements in 12.1.2.1 – 12.1.2.10, and shall be 
of such size as to accommodate a load based on 
1.25 times the output current rating of the unit. A 
lead provided for this purpose shall be capable of 
carrying the same current without exceeding its 
temperature rating. 

 

P 
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13.1.6 A receptacle or attachment plug for output 
connection shall not accept a mating part having a 
standard configuration complying with the 
Standard for Attachment Plugs and Receptacles, 
UL 498. 

 P 

13.1.7 An attachment plug shall be a locking type to 
reduce the likelihood of loosening under 
conditions of transit or shall be investigated for 
secureness. 

 P 

13.1.8 An attachment plug or a receptacle other than as 
mentioned in 13.1.9 shall be secured to the 
enclosure or to another rigid part of the unit. 

 P 

13.1.9 Both mating parts of a battery-type attachment plug 
or a receptacle provided for connection of wiring to 
a storage battery shall have recessed contacts. 
The receptacle shall be mounted to a rigid part of 
the unit unless it is intended to be rigidly attached 
to the recreational vehicle, in which case the 
attachment plug shall terminate in an output cord 
not longer than 3 ft (914 mm). The cord shall 
comply with the requirements for strain-relief 
specified in Section 43, Strain Relief Test. 

 N/A 

13.1.10 An attachment-plug receptacle shall have 
recessed contacts. 

 P 

13.1.11 If a matching attachment plug or receptacle is 
used on a unit, the unit shall be marked in 
accordance with 58.18. 

 P 

13.1.12 Unless a receptacle and its attachment plug have 
been investigated for current interruption, the unit 
shall be marked in accordance with 58.19. 

 
P 

13.1.13 Unenclosed individual leads intended for 
connection external to the unit shall employ 
insulated copper conductors. A positive lead shall 
extend outside the unit not more than 18 in (457 
mm). The insulation may be 0.030-in (0.76-mm) 
thick thermoplastic or the equivalent. 

 

N/A 

13.1.14 Unenclosed individual leads intended for 
connection external to the unit shall comply with the 
requirements in Section 43, Strain Relief Test. 

 
N/A 

13.1.15 The conductors of unenclosed individual leads for 
output connections shall be protected by over 
current devices unless the ampacity of the 
conductors of such leads is not less than the output 
rating of the circuit. Ampacities are to be based on 
the values for low-voltage circuits. 

 

N/A 

13.1.16 Each secondary-output branch circuit shall be 
marked in accordance with 58.4 to indicate the 
corresponding branch-circuit protection provided for 
each secondary-output connection. 

 

N/A 

13.2 Cigarette lighter inputs N/A 
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14 Secondary Circuits P 

14.1 A metal enclosure of a unit shall not be used as a 
current-carrying part of an output circuit. Secondary 
circuits may be connected to the frame of a unit; 
however, the frame shall not be used to carry 
current during intended operation. 

 

P 

14.2 All secondary circuits other than as specified in 
14.3 – 14.11, are to be investigated as primary 
circuits. In addition, all safety circuits shall be 
investigated using the requirements for primary 
circuits. 

 P 

14.3 Except as noted in 29.1.13, printed-wiring 
assemblies and associated circuitry used in low-
voltage, limited energy circuits need not be 
investigated. However, components such as wire 
connectors, bus bars, printed-wiring receptacles, 
connectors and the like, motors, printed wiring 
boards, and insulated wire used in such circuits 
shall be investigated. 

 P 

14.4 A circuit supplied from a Class 2 transformer need 
not be investigated. However, printed-wiring 
boards and insulated wire used in such circuits 
shall be investigated with respect to the 
temperature and voltage, exposure to oil or 
grease, and other conditions of service to which 
the wiring and printed-wiring boards can be 
subjected. 

 P 

14.5 Except as noted in 29.1.13 and 29.1.14, a circuit 
that does not extend out of the unit need not be 
investigated if the open-circuit potential or no-load 
output of the supply, when measured in 
accordance with 37.1 and 37.2, is: 

 N/A 

 a) Not more than 42.4 Vpeak ac or 60 Vdc; and  N/A 

 b) The energy available at 1 min of operation is 
limited to: 

 N/A 

 1 ) 8 A for 0-42.4 Vpeak ac or 0-30 Vdc; or  N/A 

 2) 150/Vmax A for 30-60 Vdc.  N/A 

14.6 The power supply of a circuit as mentioned in 14.5 
that is not limited to available energy in accordance 
with 14.5(b), but the circuit includes either one or 
more resistors, a fuse, a non-adjustable manual-
reset circuit protective device, or a regulating 
network – see 14.9 – need not be investigated if 
the current is limited in accordance with 14.7, 14.8 
or 14.9. 

 

N/A 

14.7 7 A fuse or non-adjustable manual reset circuit 
protective device provided in the secondary circuit 
that is used to limit the current in accordance with 
14.6 shall be rated or set at not more than the 
values specified in Table 14.1. 

 

P 
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14.8 A fuse or circuit protective device may be 
connected in the primary of the transformer to limit 
the current in accordance with 14.6 provided that 
the protection is equivalent to that specified in 14.7 
as determined by the Over current Protection 
Calibration Test, Section 45. 

 P 

14.9 One or more resistors or a regulating network used 
to limit the current in accordance with 14.6 shall be 
such that the current under any condition of loading 
including short circuit does not exceed 8 A 
measured at 1 min of operation. 

 P 

14.10 If a regulating network is used to limit the voltage or 
current in accordance with 14.5 – 14.9, each 
component of the regulating network should be 
short circuited or open circuited separately to 
determine that the voltage or current does not 
exceed the maximum allowable values with the 
components faulted. 

 P 

14.11 In a circuit of the type described in 14.6, the 
secondary winding of the transformer, one or more 
resistors, a fuse or a non-adjustable manual reset 
circuit-protective device, or a regulating network, 
and all wiring up to the point at which the current, 
voltage or both are limited shall be judged as 
primary circuits. 

 P 

15 Live Parts P 

15.1 A current-carrying part shall be of silver, copper, a 
copper alloy, or other material acceptable for the 
application. 

 P 

15.2 Plated iron or steel may be used for a current-
carrying part if acceptable in accordance with 3.1 , 
or in a secondary circuit rated 30 Vrms (42.4 
Vpeak) or less; but unplated iron or steel is not 
acceptable. Stainless steel and other corrosion-
resistant alloys may be used for current-carrying 
parts. 

 P 

15.3 An uninsulated live part shall be secured to an 
insulating base or mounting surface so that it will 
be prevented from turning or shifting in position if 
such motion might result in a reduction of 
spacings below the minimum acceptable values. 

 P 

15.4 Friction between surfaces is not acceptable as a 
means to prevent shifting or turning of a live part, 
but a lock washer properly applied is acceptable. 

 
P 

16 Internal Wiring  P 

16.1 General  P 
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16.1.1 The internal wiring of a unit shall be of a type and 
size acceptable for the application as specified in 
this section. Other types of wiring may be 
acceptable based on temperature, voltage, and 
the need for mechanical protection. 

 

P 

16.1.2 The thickness of insulation on wiring shall not be 
less than 3/64 in (1.2 mm) for unbraided 
neoprene-insulated wire, 1/32 in (0.8 mm) for 
thermoplastic-insulated wire, and 1/32 in for 
rubber-insulated wire with an impregnated braid. 

 

P 

16.1.3 Unless a unit includes a resistor or other heat-
producing component and wire is subjected to a 
temperature of more than 80°C (176°F), or other 
need is demonstrated, Type AF or CF wire shall 
not beemployed. 

 

P 

16.1.4 The length of the power-supply cord inside a unit 
shall not be more than the need for the electrical 
connections. 

 
P 

16.1.5 The jacket of a flexible cord inside the enclosure 
shall not be stripped to expose the individual 
conductors unless: 

 P 

 a) The insulation on the individual conductors is 
equivalent to that required by 16.1.2; 

 N/A 

 b) The individual conductors are supported in a 
manner positively separating them from live parts 
and dead metal parts;  

 N/A 

 c) Supplementary insulation equivalent to that 
required by 16.1.2 is reliably secured on each 
individual conductor 

 N/A 

16.2 Tubing P 

16.2.1 Insulation of internal wiring consisting of coated 
fabric, thermoplastic, or other types of tubing is to 
be considered with respect to electrical, 
mechanical, and flammability properties of the 
material. 

 P 

 If the use of a short length of insulated conductor, 
such as a short coil lead, is not practical,electrical 
insulating tubing may be used on each conductor. 
The tubing shall not be subjected to sharp bends, 
tension, compression, or repeated flexing, or to 
contact with sharp edges, projections, or corners. 
Except as noted in 16.2.3, the wall thickness shall 
comply with the requirements for the tubing as a 
component. 

 P 
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 Polyvinyl chloride tubing shall not be less than 
0.017-in (0.43-mm) thick at any point. The 
thickness of insulating tubing of other types, shall 
provide mechanical strength, flame resistance, 
dielectric properties, and heat- and moisture-
resistant characteristics, and the like that are at 
least equivalent to those of 0.017-in thick polyvinyl 
chloride tubing. 

 P 

16.3 Protection of wiring  P 

16.3.1 Internal wiring shall be protected if, when judged 
in accordance with 9.1.2, it is accessible. 

 P 

 Internal wiring need not be protected if it is located 
and secured within the enclosure so that it is not 
likely to be subjected to stress or mechanical 
damage. 

 P 

16.3.1 Wires within an enclosure, compartment,raceway, 
or the like shall be located or protected to prevent 
contact with any sharp edge, burr, fin, moving 
part, or the like that can damage the conductor 
insulation. 

 P 

16.3.1 A hole through which insulated wires pass in a 
sheet metal wall within the overall enclosure of a 
unit shall be provided with smooth, rounded 
surfaces upon which the wires may bear, to 
prevent abrasion of the insulation. 

 P 

16.3.1 Internal wiring within an enclosure or 
compartment shall be located or protected from 
surfaces so that the temperature rating of the 
conductors will not be exceeded under normal 
operating conditions. 

 P 

16.3.1 Mounting screws and nuts shall be designed or 
located so that sharp edges will not damage 
wiring. A screw shall have a flat or blunt end. The 
end of the screw shall not have burrs, fins, or 
sharp edges that might abrade wire insulation, 
and shall not project more than 3/16 in (4.8 mm) 
into a wire way. 

 P 

16.4 Electrical connections  P 

16.4.1 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 method suitable for the 
combination of metals involved at the points of 
connection. 

 P 

16.4.2 With reference to 16.4.1 , a wire-binding screw or 
a pressure wire connector used as a terminating 
device shall be suitable for use with aluminum 
under the conditions involved, for example, 
temperature, heat cycling, vibration, and the like. 

 P 
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16.4.3 All splices and connections shall be mechanically 
secure and shall make reliable electrical contact. 

 P 

16.4.4 A soldered connection shall be mechanically 
secured before being soldered. 

 
P 

 Exception: A wave- or lap-solder connection to a 
printed-circuit board where components are 
properly inserted or secured (as in a surface 
mounted component) is considered acceptable 
without any further mechanical security. 

 

P 

16.4.5 A splice shall be provided with insulation 
equivalent to that of the wires involved if 
permanent spacing may not be maintained 
between the splice and other metal parts. 

 

P 

16.4.6 When determining whether splice insulation 
consisting of coated-fabric, thermoplastic, or other 
tubing is acceptable, consideration is to be given 
to such factors as dielectric properties, heat-
resistant and moisture-resistant characteristics, 
and the like. 

 

P 

 Thermoplastic tape wrapped over a sharp edge is 
not acceptable. 

 
P 

 An insulated splicing device is acceptable within 
the limits of voltage and temperature ratings of the 
device 

 
P 

16.4.7 The means of connecting stranded internal wiring 
to a wire-binding screw shall prevent loose 
strands of wire from contacting other live parts not 
always of the same polarity as the wire, and from 
contacting dead metal parts. This may be 
accomplished by the use of a pressure terminal 
connector, a soldering lug, a crimped eyelet, 
soldering of all strands together, or other reliable 
means. 

 N/A 

16.5 Separation of circuits N/A 

16.6 Barriers N/A 

17 Insulating Materials P 

17.1 An insulating washer, a bushing, or the like, and a 
base or a support for mounting a live part, shall be 
moisture-resistant material that will not be 
adversely affected by the temperatures and 
stresses to which it will be subjected under 
conditions of use. 

 P 

17.1 Insulating material is to be judged with respect to 
its acceptability for the particular application. 
Materials such as mica, ceramic, and some 
molded compounds are usually acceptable for the 
sole support of live parts. If an investigation is 
necessary to determine whether a material is 
acceptable, consideration is to be given to: 

 P 
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 a) Its mechanical strength, resistance to ignition, 
dielectric strength, insulation resistance, and heat-
resistance qualities in both the aged and unaged 
conditions; 

 P 

 b) The degree to which it is enclosed;  P 

 c) Any other feature affecting the risk of fire, 
electric shock, or injury to persons. All factors are 
to be considered with respect to conditions of 
service. 

 P 

18 Transformers P 

18.1 General  P 

18.1.1 A transformer used to supply a Class 2 circuit, 
that extends from the unit to a remote panel, 
status panel or the like shall have its primary 
windings electrically isolated from all other 
windings and shall be constructed as specified in 
18.1.2 – 18.2.3 

 P 

 There is no electrical connection – under normal 
and overload conditions – between the primary 
and secondary windings, between the primary 
winding and the core, or between separate 
adjacent secondary windings, if such connection 
may result in a risk of fire or electric shock. 

 P 

18.1.2 A transformer coil, unless inherently moisture 
resistant, shall be treated with an insulating 
varnish, and baked; or otherwise impregnated to 
exclude moisture or acid vapor. Film-coated 
magnet wire is considered moisture resistant. 

 P 

18.1.3 A thermal cutoff or other device employed to 
reduce the risk of fire or electric shock due to 
overheating of a transformer during abnormal 
operation shall comply with the requirements 
applicable to such a device in addition to the 
applicable requirements in this standard. 

 P 

 For example, a thermal cutoff shall comply with 
the applicable requirements in this standard and 

those in the Standard for Thermal-Links – 

Requirements and Application Guide, UL 60691 . 

 P 

18.2 Coil insulation  P 

18.2.1 A transformer winding, including the start, all taps, 
finish, and crossover leads up to the point where 
insulated leads, if used, are provided, shall be 
constructed as specified in Table 18.1 . 

See Table 18.1 . P 
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18.2.2 Insulating material, such as outer-wrap and 
crossover-lead insulation, employed to reduce the 
risk of live parts from becoming accessible 
through openings in the outer enclosure in 
accordance with Accessibility of Uninsulated Live 
Parts, Film-Coated Wire, and Moving Parts, 
Section 9, shall comply with Note (a) or (c) of 
Table 18.1 . 

 P 

18.2.3 The bobbin insulation shall comply with Notes (a), 
(b), (c) or (d) of Table 18.1 . 

 
P 

 A 2-flange bobbin having the primary winding 
wound over the secondary winding, or the 
secondary winding wound over the primary winding 
with the primary winding insulated from the 
secondary winding by means of tape insulation is 
acceptable if: 

 

N/A 

 a) The tape insulation complies with Note (a) or 
(c) of Table 18.1 , 

 
N/A 

 b) The tape insulation provides a continuous 
overlap on the bobbin flanges, 

 N/A 

 c) The transformer complies with the tests 
described in the flanged bobbin transformer 
abnormal operation test as specified in 48.10.1 – 
48.10.13. 

 NA 

 d) The transformer complies with the induced 
potential tests specified in 41.1 – 41.4. 

 N/A 

18.2.4 With reference to (c) of the Exception to 18.2.3, the 
flanged bobbin transformer abnormal operation test 
is not required if the transformer is supplied from a 
low-voltage, limited energy circuit in accordance 
with 2.15 or a limited energy circuit in accordance 
with 2.13. 

 N/A 

19  Resistors P 

19.1 A resistor shall be reliably supported and the 
assembly shall be prevented from loosening or 
rotating by a means other than friction between 
surfaces. 

 P 

19.2 The use of a lock washer is considered to comply 
with the requirement in 18.1 . 

 P 

20 Switches and Controllers  P 

20.1 A switch or other control device shall have current 
and voltage ratings not less than those of the circuit 
that it controls when the unit is operated as 
intended. 

 P 
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20.2 A primary-circuit switch that controls an inductive 
load having a power factor less than 75%, such as 
a transformer or some ballasts, and does not have 
an acceptable inductive rating, shall be rated not 
less than twice the full-load current rating of the 
load, or the switch shall be investigated for the 
particular application. 

 N/A 

20.3 A switch that controls a tungsten-filament lamp 
shall have a tungsten-filament-lamp current rating 
not less than the maximum current it will control. 

 N/A 

 Exception: A switch not having an acceptable 
tungsten-filament-lamp current rating and rated 3 
A or more may be used to control a 15 W or 
smaller lamp. 

 N/A 

20.4 Solid state switches shall comply with the 
requirements in this standard, others are per the 
applicable Standard, the most commonly used are 
referenced in Appendix A. 

 N/A 

20.5 A means used to transfer the load directly from 
one source to an alternate source operating at 
voltages greater than 42.4 Vpeak ac or 60 V dc, 
shall comply with requirements in the Standard for 
Transfer Switch Equipment, UL 1008. 

 N/A 

21 Overload-Protective Devices  P 

21.1 General  P 

21.1.1 A protective device, such as a fuse or manually 
operable protector, the normal functioning of 
which requires renewal, resetting, or replacement, 
shall be in a readily accessible location when the 
unit is installed in accordance with manufacturer’s 
installation instructions. 

 

P 

21.1.2 If more than two circuit breakers are employed, a 
means shall be provided for disconnecting all 
conductors in a recreational vehicle from the 
power-supply assembly. 

 

P 

21.1.3 Circuits shall meet the requirements of this 
Standard Safety-related control tests for use of 
solid-state devices 

 
P 

21.1.4 With reference to 21.1.3, the components are to 
be subjected to the following test in accordance 
with the methods described in the Standard for 
Tests for Safety-Related Controls Employing 
Solid-State Devices, UL 991 : 

 P 

 a) Transient Over voltage Test;  P 

 b) Ramp Voltage Test;  P 

 c) Electromagnetic Susceptibility Tests;  P 

 d) Electrostatic Discharge Test;  P 
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 e) Thermally Cycling Tests;  P 

 f) Humidity Test;  P 

 g) Effects of Shipping and Storage Test.  P 

21.2 Over current-over temperature protection P 

21.2.1 Integral over temperature or over current 
protection for all secondary circuits shall be 
provided. See 7.6 – 7.7. 

 P 

21.2.2 An automatically reset protective device installed 
in a secondary circuit shall comply with the 
requirements for such devices and shall have a 
current and voltage rating acceptable for its 
intended use. The voltage rating shall be direct-
current rating. 

 P 

21.2.3 If secondary output over current protection is 
provided, the over current-protective devices shall 
be fuses or manually reset circuit breakers. The 
protective devices for alternating current output 
circuits of recreational vehicle inverters shall be 
suitable for branch circuit protection. See 7.8 – 
7.9. 

 P 

 If a circuit breaker is provided, it shall be 
connected to open all ungrounded conductors of 
the circuit. A multiple-pole circuit breaker shall be 
of the common-trip type. 

 P 

 A combination of single-pole circuit breakers and 
handle ties that complies with the applicable 
requirements in the Standard for Molded-Case 
Circuit Breakers, Molded-Case Switches and 
Circuit-Breaker Enclosures, UL 489, may be used 
as the protection for each ungrounded conductor 
supplying line-to-line connected loads of a unit 
rated for connection to one of the following circuits 
of a grounded system: 

 P 

22 Fuses and Fuse holders P 

22.1 A fuse and fuse holder shall have voltage and 
current ratings acceptable for the circuit in which 
they are connected. 

 
P 

22.2 A fuse and fuse holder connected in a primary 
circuit of a power unit shall comply with the 
requirements for line-voltage fuses and fuse 
holders. 

 

P 

22.3 A fuse and fuse holder connected in the input 
circuit of a power unit shall comply with the 
requirements for automotive type or line-voltage 
fuses and fuse holders. 

 

P 

22.4 A fuse connected in a secondary circuit of a 
power unit shall comply with the requirements for 
automotive or line-voltage fuses and fuse holders. 

 
N/A 
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22.5 A fuse connected in an output circuit of a power 
unit shall comply with the requirements for line-
voltage fuses and fuse holders. 

 
P 

22.6 An uninsulated live part of a fuse holder that can 
result in a risk of electric shock, other than the 
screw shell or clips, shall not be exposed to 
contact by a person removing or replacing the 
fuse. 

 

N/A 

22.7 The screw shell of a plug-type fuse holder and the 
upper terminal of an extractor-type fuse holder 
shall be connected toward the load. 

 
N/A 

23 Receptacles P 

23.1 A 15- or 20-A attachment plug receptacle shall be 
of the grounding type. The grounding contact of 
the receptacle shall be reliably electrically 
connected to the grounding means of the unit. 

 

P 

24 Inverter Output Circuits P 

24.1 A unit having output circuits for supplying 120 V, 
60 Hz, 2-wire with ground or 120/240 V, 60 Hz, 3-
wire with ground to vehicles and recreational 
vehicle wiring systems shall have the output 
circuits protected by integral ground-fault circuit-
interrupters intended for the current involved. 

120V 

P 

 Exception No. 1 : A unit that does not have an 
integral output receptacle, and that has a wiring 
compartment with pigtail leads, wiring terminals, 
or other equivalent means for output field-wiring 
connections need not be provided with integral 
output circuit ground-fault circuit-interrupter 
protection if: 

 N/A 

 a) The unit is marked in accordance with 58.21 , 
and 

 N/A 

 b) The installation and operating instructions 
manual for the unit comply with 59.1. Exception 
No. 2: A portable unit need not be provided with 
integral ground-fault circuit-interrupter protection if 
the unit: 

 N/A 

 a) Is intended to be connected to the cigarette 
lighter outlet of a vehicle, and 

 N/A 

 b) Has no direct electrical connection between the 
input and output circuits. 

 
N/A 

25 Lampholders N/A 

26 Capacitors N/A 

27. Transient Voltage Surge Suppressors N/A 

28. Printed Wiring P 

28.1 A printed circuit board shall comply with the 
Standard for Printed Wiring Boards, UL 796. 

 
P 
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28.2 A resistor, capacitor, inductor, or other part that is 
mounted on a printed-circuit board to form a 
printed-circuit assembly shall be secured so that it 
cannot be displaced to result in a risk of electric 
shock or fire by a force likely to be exerted on it 
during assembly, normal operation, or servicing of 
the unit. 

 

P 

28.3 Consideration is to be given to a barrier or 
partition that is part of the unit assembly and that 
provides mechanical protection and electrical 
insulation for a component connected to a printed-
circuit board. 

 

P 

29 Spacings P 

29.1.1 General environment spacings shall be as 
specified in Table 29.1 . Protected environment 
spacings – see 8.1 – 8.5 – shall be as specified in 
Table 29.2. For the purpose of this requirement, a 
general environment is considered to be an 
environment other than a protected environment. 

 

P 

 A unit complying with the requirements in the 
Standard for Insulation Coordination Including 
Clearances and Creepage Distances for Electrical 
Equipment, UL 840, may have spacings less than 
that specified in Tables 29.1 and 29.2. See 29.1.2 
and 29.1.3. 

 N/A 

 Spacings may be as provided in 29.2.1 if liners 
and barriers are used. 

 N/A 

 Spacings may be as provided in 29.1.2, between 
adjacent foils on printed wiring boards provided 
with a conformal coating complying with the 
requirements in the Standard for Polymeric 

Materials – Use in Electrical Equipment 

Evaluations, UL 746C. See 29.1.2. 

 N/A 

 On printed wiring boards having a flammability 
classification of V-0 and constructed from a base 
material having a minimum Comparative Tracking 
Index (CTI) rating of 100 and 175 V for protected 
and general environments respectively, spacings 
(other than to ground, between primary and 
secondary circuits, and at field wiring terminals) 
are not specified between traces of different 
potential connected in the same circuit if the 
spacings comply with the requirements in Section 
49, or an analysis of the circuit indicates that no 
more than 12.5 mA of current will flow between 
short-circuited traces having reduced spacings. 

 N/A 



 

 

Report No.: CTK20230811014                     Page 27 of 62    

UL 458 

Clause Requirement + Test Result - Remark Verdict 

 

Guangzhou Certitek Testing Services Co., Ltd.                                                                                          
UL 458A 

 For multilayer printed wiring boards, the minimum 
spacing between adjacent internal foils of 
opposite polarity and between an internal foil and 
a plated-through hole is 1/32 in (0.8 mm). If these 
foils are in circuit described in 14.3 – 14.9, no 
spacing is specified. 

 N/A 

 The spacing requirements in Tables 29.1 and 29.2 
may not apply to inherent spacings of a 
component such as a switch, lamp holder, or a 
motor. Such spacings are to comply with the 
requirements for the component in question if the 
spacings are less than the values specified in 
Tables 29.1 and 29.2. Spacings from such 
components to another component and to the 
enclosure shall comply with the appropriate 
spacings specified in this Standard. 

 N/A 

 Spacings between adjacent terminals of a power 
switching semiconductor device including the 
connection points of the terminals of the device 
are not specified. 

 N/A 

29.1.2 Reducing air gap is based on the use of insulating 
materials, which can resist arc tracking and 
conductive pollution in the use environment. 

 
P 

29.1.3 

  

A unit shall be considered over voltage category II 
and/or over voltage category I as defined in the 
Standard for Insulation Coordination Including 
Clearances and Creepage Distances for Electrical 
Equipment, UL 840. 

 

P 

29.1.4 Controlled over voltage shall be achieved by 
providing an over voltage device or system as an 
integral part of the product. 

 
N/A 

29.1.5 All printed-wiring boards are considered to have a 
minimum comparative tracking index of 100 
without further investigation. 

 
N/A 

29.1.6 UL 840, pollution degree 2 is considered 
applicable to a unit employing protected 
environment enclosure as described in Section 8, 
Enclosures Used for Protected Environments. 
Pollution degree 3 is considered applicable to a 
unit intended for use in a general environment. 

 

N/A 

29.1.7 With reference to Exception No. 2 to 29.1.1 
concerning conformal coatings, minimum 
spacings of 1/32 in (0.8 mm) between adjacent 
foils shall be maintained. A conformal coating on 
printed wiring boards is not considered as 
insulation in lieu of spacings between a foil on a 
printed wiring board and uninsulated live-metal 
parts of opposite polarity or to uninsulated dead-
metal parts. 

 

P 



 

 

Report No.: CTK20230811014                     Page 28 of 62    

UL 458 

Clause Requirement + Test Result - Remark Verdict 

 

Guangzhou Certitek Testing Services Co., Ltd.                                                                                          
UL 458A 

29.1.8 If an uninsulated live part is not rigidly secured in 
position by means other than friction between 
surfaces, or if 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 acceptable 
spacings will be maintained. 

 

P 

 The spacing requirements in Tables 29.2 and 29.3 
do not necessarily apply to the inherent spacings 
of a component of a unit, such as a switch, fuse, 
or attachment plug. Such spacings are to comply 
with the requirements for the component in 
question if they are less than the values specified 
in Tables 29.2 and 29.3. 

 

N/A 

29.1.9 With reference to 29.1.8, a properly applied lock 
washer is considered an acceptable method of 
rigidly securing a part. 

 
P 

29.1.10 With respect to determining spacings, an 
uninsulated live part is considered to be at 
opposite polarity to uninsulated live parts in 
another circuit. Spacings are to be based on the 
highest of the circuit voltages. 

 

P 

29.1.11 Film-coated wire is considered to be an 
uninsulated live part when determining spacings. 

 
P 

29.1.12 Spacings at field wiring terminals are to be 
measured with conductors installed in the 
terminals. The gauge of the conductors is to be 
based on the rating of the circuit containing the 
terminals. 

 

P 

29.1.13 Spacing between non-insulated live parts of 
different potentials and between these parts and 
dead zones Metals that may be grounded in use 
are not suitable 

 

N/A 

29.1.14 Spacings between uninsulated live parts of 
different potential and between such parts and 
dead metal that are grounded in service are not 
specified for parts of isolated limited-energy 
circuits in accordance with 2.13. Spacings in 
circuits that exceed 30 V (42.4 peak) are to be 
investigated by the applicable dielectric voltage-
withstand test specified in Section 40, Dielectric 
Voltage-Withstand Test. 

 

N/A 

 A meter complying with the requirements in the 
Standard for Electrical Analog Instruments – 
Panel board Type, UL 1437, need not be 
subjected to a dielectric voltage-withstand test. 

 

N/A 
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29.1.15 All uninsulated live parts connected to different 
circuits shall be spaced from one another as if 
they were parts of opposite polarity and shall be 
judged on the basis of the highest voltage 
involved. 

 

P 

29.1.16 The acceptability of spacings between live and 
dead metal parts connected to the enclosure 
within an electrical instrument shall be determined 
by a dielectric voltage-withstand test in 
accordance with 40.1 . 

 

P 

29.2 Insulation barriers N/A 

30 Grounding P 

30.1 A unit having a metal enclosure shall have a 
terminal or lead for connecting the metal 
enclosure and enclosure parts to ground. 

 
P 

 Exception: This requirement does not apply to a 
portable unit: 

 
P 

 a) Intended to be connected to the cigarette 
lighter outlet of a vehicle, 

 
P 

 b) Having no direct electrical connection between 
the input and output circuits. 

 
P 

30.2 In a device to be connected to a power supply 
through a metal housing The wiring system shall 
be electrically connected to the ground terminal or 
Lead 

 

P 

30.3 The surface of the insulation on a lead intended 
for the connection of a grounding conductor shall 
be green with or without one or more yellow 
stripes, and no other lead shall be so identified. 

 

N/A 

30.4 A wire-binding screw for the connection of a field-
installed equipment grounding conductor shall 
have a green colored head. A pressure wire 
connector for connection of such conductor shall 

be plainly identified such as by being marked ″

G,″ ″GR,″ ″GND,″ ″Ground,″ ″

Grounding,″ or the like; or by an acceptable 

marking on a wiring diagram attached to the unit. 

 

P 

30.5 The grounding connection shall be located so that 
it is unlikely to be removed during normal 
servicing of the unit. 

 
P 

30.6 A terminal solely for connection of an equipment 
grounding conductor shall secure a conductor of 
the size acceptable for the particular application. 

 
P 

30.7 A wiring terminal for connection of an equipment-
grounding conductor shall comply with the 
requirements in 12.1.2.3 – 12.1.2.9. 

 
P 
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30.8 The grounding conductor of a power-supply cord 
shall be connected to the grounding blade of a 
grounding attachment plug and shall be 
connected to dead metal parts within the frame or 
enclosure by means of a screw or by equivalent 
means that is not likely to be removed during any 
servicing operation not involving the power-supply 
cord. Solder alone shall not be used for securing 
the grounding conductor. 

 

P 

30.9 The surface of any insulation on the grounding 
conductor of a flexible cord shall be green with or 
without one or more yellow stripes and no other 
conductor shall be so identified. 

 

N/A 

30.10 A terminal shall be provided on the outside of a 
unit solely for connection of the enclosure to the 
chassis of a land vehicle. 

 
N/A 

30.11 The terminal mentioned in 30.10 shall not be 
secured to a part of the enclosure that is readily 
movable, such as a cover, hood, and the like. 

 
N/A 

31 Bonding of Internal Parts P 

31.1 General  P 

 An exposed dead metal part that is likely to 
become energized by an electrical fault shall be 
reliably bonded to the point of connection of the 
field-equipment-grounding means. 

 

P 

 A dead metal part of a low-voltage component 
need not be bonded if it is: 

 
N/A 

 a) Positively separated from line-voltage parts and 
wiring; 

 
N/A 

 b) Separated from live parts and wiring by an 
interposing barrier or part in such a manner that 
the interposed barrier or part will be the first to be 
subjected to an electrical fault. A metal barrier or 
part shall be grounded or bonded to the point of 
connection of the field equipment- grounding 
means. 

 

N/A 

31.1.2 An uninsulated metal part, such as a baffle, a 
barrier, a cover, an enclosure guard, a 
transformer core, or the like, shall be electrically 
bonded together if they might be contacted by the 
user or serviceman. 

 

P 

31.1.3 With reference to 31.1.2, internal parts that are 
painted or otherwise coated prior to assembly 
shall be secured in position by a fastening means 
that will reliably penetrate the surface coating. 

 

P 

31.1.3.1 The grounding connection and the output neutral 
of a unit that is intended to be connected to the 
cigarette lighter outlet of a vehicle shall be bonded 
to the inverter frame or enclosure. See 13.2.1 . 

 

N/A 
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31.1.4 Uninsulated live parts and wiring shall be 
separated from a moving or movable part, such as 
a relay or contact or magnet and armature, by 
clamping, positioning, or an equivalent means that 
will maintain permanent separation. 

 

P 

31.1.5 A metal part, such as an adhesive-attached metal 
marking plate, a screw, a handle, or the like, that 
is located on the outside of an enclosure or 
cabinet, need not be bonded if it is isolated from 
electrical components and wiring by a grounded 
metal part so that it is not likely to become 
energized, or separated from wiring and spaced 
from uninsulated live parts as if it were a 
grounded part. Other parts not required to be 
bonded are: 

 P 

 a) Small internal assembly screws, rivets, or other 
small fasteners; 

 P 

 b) A handle for a disconnect switch;   P 

 c) A relay or contact or magnet and armature.  P 

31.2 Bonding conductor  P 

31.2.1 Bonding shall be accomplished by metal-to-metal 
contact between parts or by a separate bonding 
conductor as specified in 31.2.2 – 31.2.4. 

 
P 

31.2.2 A bonding conductor shall be copper, a copper 
alloy, or other acceptable material. 

 
P 

31.2.3 A splice shall not be employed in a bonding 
conductor. 

 
P 

31.2.4 A separate bonding conductor shall not be smaller 
than the conductors supplying a unit. 

 
P 

31.2.5 A separate bonding conductor for a unit shall have 
an ampacity rating equal to the total unit output. 

 
N/A 

 PERFORMANCE - 

32 General  P 

32.1 A representative sample of a unit shall be 
subjected to the tests described in Sections 33 – 
53. Unless otherwise specified, all tests are to be 
conducted at not less than the rated voltage of the 
unit or the highest of a rated voltage range, and 
an ambient temperature of 25°C (77°F) at rated 
frequency. See Table 32.1 . 

 

P 

32.2 The secondary current and voltage are to be 
measured by using an average-indicating meter. 

 
P 

32.3 Output-current measurements of either half-wave 
or full-wave rectifier circuits are to be based on 
the average current reading. 

 
P 

33 Leakage Current Test  P 



 

 

Report No.: CTK20230811014                     Page 32 of 62    

UL 458 

Clause Requirement + Test Result - Remark Verdict 

 

Guangzhou Certitek Testing Services Co., Ltd.                                                                                          
UL 458A 

33.1 The leakage current of a cord-connected unit 
rated for a nominal 120-V supply, when tested in 
accordance with 33.2 – 33.6 shall not be more 
than 0.75 mA. 

0.23mA 

P 

33.2 All exposed conductive surfaces are to be tested 
for leakage currents. 

 
P 

33.3 If a conductive surface other than metal is used 
for the enclosure or a part of the enclosure, the 
leakage current is to be measured using a metal 
foil with an area of 10 by 20 cm in contact with the 
surface. 

 

P 

 If the surface is less than 10 by 20 cm, the metal 
foil is to be the same size as the surface. The 
metal foil is not to remain in place long enough to 
affect the temperature of the unit. 

 

P 

33.4 The circuit for the leakage current measurement is 
to be as illustrated in Figure 33.1. The 
measurement instrument is defined in (a) – (d). 
The meter that is actually used for a measurement 
need only indicate the same numerical value for a 
particular measurement as would the defined 
instrument. The meter used need not have all the 
attributes of the defined instrument. 

 

P 

 a) The meter is to have an input impedance of 1 
500 Ω resistive shunted by a capacitance of 

0.15µF 

 

P 

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

 

P 

 c) Over a frequency range of 0 – 100 kHz, the 
measurement circuit is to have a frequency 
response – ratio of indicated to actual value of 
current – that is equal to the ratio of the 
impedance of a 1500-Ω resistor shunted by a 0.1 
5-µF capacitor to 1500 Ω. At an indication of 0.75 
mA, the measurement is to have an error of not 
more than 5% at 60 Hz. 

 

P 

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

 

P 
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P 

33.5 A sample of the unit is to be tested for leakage 
current starting with the as-received condition – 
the as-received condition is to be without prior 
energization except as may occur as part of the 
production-line testing – but with the grounding 
conductor, if any, open at the attachment plug. 
The supply voltage is to be adjusted to 120 V. The 
test sequence, with reference to the measuring 
circuit, Figure 33.1, is as follows: 

 

P 

 a) With switch S1 open, the unit is to be without 
load and connected to the measuring circuit. The 
leakage current is to be measured using both 
positions of switch S2 and with the unit switching 
devices in all their normal operating positions. 

 

P 

 b) Switch S1 is then to be closed energizing the 
unit, and within a period of 5 s the leakage current 
is to be measured using both positions of switch 
S2 and with the unit switching devices in all their 
normal operating positions. 

 

P 

 c) The leakage current is to be monitored until 
thermal stabilization. Both positions of switch S2 
are to be used in making this measurement. 
Thermal stabilization is considered to be obtained 
by operation of the unit as in the normal 
temperature test. 

 

P 

33.6 Normally, the complete leakage current test 
program as described in 33.5 is to be conducted 
without interruption for other tests. With the 
concurrence of those concerned, the leakage 
current tests may be interrupted to conduct other 
nondestructive tests. 

 

P 

34. Power Input Test P 

34.1 The current input shall not be more than 110% of 
the rated value. 

 
P 

34.2 Maximum normal load for a unit that does not 
incorporate an integral battery charger circuit is to 
be a  resistive load adjusted to obtain rated 
output. 

 

P 
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34.3 For a unit incorporating an integral battery-charger 
circuit, maximum normal load is to be obtained 

by: 

 

N/A 

 a) Loading the charging circuit to its rated output 
current by means of an adjustable load consisting 
of a 100,000 µF capacitor in parallel with a 
resistor; 

 

N/A 

 b) Equally dividing – see 38.1.3 – among the 
secondary output-branch circuits a resistive load 
equal to the difference between the total 
secondary-output-current rating of the unit, and 
the output-current rating of the battery-charging 
circuit. 

 

N/A 

 The maximum normal load for a unit designed for 
use with a floating battery – a battery that is 
connected to an electrical system including a 
charger and a load – is to be a 100,000 µF 
capacitor in parallel with a resistor adjusted to 
draw rated output current. 

 

N/A 

35 Output Voltage Measurement Test  P 

35.1 The output voltage of a secondary circuit 
connected to a resistive load shall be within the 
value specified in Table 35.1. 

 
P 

36 Capacitor Voltage Measurement Test  N/A 

36.1 The voltage applied to the terminals of a capacitor 
such as for filtering or in a resonating winding, 
shall not exceed the manufacturer’s rating of the 
capacitor. 

 

N/A 

37 Output Voltage and Current Test  P 

37.1 With respect to 14.5, the measurement is to be 
made with all loading circuits disconnected from 
the transformer or power supply being tested. 
Measurements may be made at the output 
terminals of the transformer or power supply. 

 

P 

37.2 The maximum current is to be measured under 
any condition of loading, including short circuit, 
using a resistor that is continuously re-adjusted 
during the 1 -min period to maintain maximum 
load current. 

 

P 

38 Temperature Test P 

38.1 Normal P 
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38.1.1 When tested on an open bench as described in 
38.1.2 – 38.1.11, with the output load adjusted to 
deliver the maximum normal-load current, see 
34.2 – 34.4, a unit shall not attain a temperature 
at any point high enough to constitute a risk of 
fire, adversely affect any material employed in the 
unit, or exceed the temperature limits specified in 
Table 38.1. See also 38.1.8. 

 

P 

38.1.2 A protective device shall not operate during the 
normal temperature test. 

 
P 

38.1.3 With reference to 38.1.1, the load shall be 
subdivided between the output circuits so that at 
least one circuit of each rating is loaded to 80% of 
its rating and the remainder of the load is 
distributed equally among the other circuits. 

 

N/A 

38.1.4 A unit designed for mounting or support in more 
than one position shall be tested in a manner 
representing the most severe conditions. 

 
P 

38.1.5 Unless investigated and found acceptable – see 
7.13 – a supporting means formed of soft rubber 
or rubber like material is to be removed prior to 
the temperature test. If the supporting means has 
a metal insert, such as a screw or rivet, the test is 
to be conducted with the unit supported by the 
metal insert. At the request of the manufacturer, 
the test may be conducted without any means of 
support. 

 

N/A 

38.1.6 Coil and winding temperatures are to be 
measured by thermocouples located on exposed 
surfaces, except the resistance method may be 
used for a coil that is inaccessible for mounting of 
these devices such as a coil: 

 N/A 

 a) Immersed in a sealing compound;  N/A 

 b) Wrapped with thermal insulation such as 
asbestos; 

 N/A 

 c) Wrapped with more than two layers of material 
such as cotton, paper, or rayon more than 1/32-in 
(0.8-mm) thick. 

 N/A 

 In an alternating-current motor, the thermocouple 
is to be mounted on the integrally-applied 
insulation of the coil wire. 

 N/A 

38.1.7 In using the resistance method, the windings are 
to be at room temperature at the start of the test. 

 
N/A 

38.1.8 All temperature values in Table 38.1 are based on 
an assumed ambient temperature of 25°C (77°F). 
However, with correction of temperature 
measurements, tests may be conducted in other 
ambients as described in Table 38.2. 

 

P 
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38.1.9 Thermocouples shall consist of wires not larger 
than 24 AWG and not smaller than 30 AWG.: 

 P 

 It is common practice to employ thermocouples 
consisting of 30 AWG iron and constant an wire 
and a potentiometer-type instrument. 

 P 

 Such equipment is to be used whenever referee 
temperature measurements by thermocouples are 
necessary. 

 P 

 The thermocouples and related instruments are to 
be accurate and calibrated in accordance with 
good laboratory practice. 

 P 

 The thermocouple wire is to conform with there 
quirements in the Tolerances on Initial Values of 
EMF versus Temperature tables in the Standard 
Specification and Temperature-Electromotive 
Force (emf) Tables for Standardized 
Thermocouples, ANSI/ASTM E230/E230M. 

 P 

38.1.10 A thermocouple junction and the adjacent 
thermocouple lead wires are to be held securely in 
good thermal contact with the surface of the 
material of which the temperature is being 
measured. Usually adequate thermal contact will 
result from securely taping or cementing the 
thermocouple in place but, if a metal surface is 
involved, brazing or soldering the thermocouple to 
the metal may be necessary. 

 

P 

38.1.11 A temperature is considered to be constant when 
three successive readings taken at intervals of 
10% of the previously elapsed duration of the test, 
but not less than 15 min, indicate no further 
increase. 

 

P 

38.2 Maximum output without fan operation N/A 

38.3 Zero clearance  N/A 

38.4 Maximum overload without trip  N/A 

39 External Surface Temperature Limits Test  P 

39.1 During the normal temperature test described in 
Section 38, Temperature Test, surface 
temperatures shall not exceed the applicable 
values specified in Table 39.1. The results of a 
test that is conducted at a room temperature of 
other than 25°C (77°F) is to be corrected to 25°C 
(77°F). See 38.1.8. 

 

P 

40 Dielectric Voltage-Withstand Test  P 

40.1 A unit, at the maximum operating temperature 
reached in normal use, shall withstand for 1 min 
without breakdown the application of a 60 Hz 
essentially sinusoidal potential of: 

 

P 
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 a) One thousand volts plus twice the maximum 
rated voltage                         

 
P 

 1 ) Between the primary circuit and dead metal 
parts; 

1024V 
P 

 2) Between the primary and secondary circuits; 1024V P 

 3) Between all secondary windings, including any 
ferroresonant winding. 

1024V 
P 

 b) Five hundred volts between a secondary circuit 
operating at 50 V or less and dead metal parts; 1 
000 V plus twice the maximum rated secondary 
circuit voltage between a secondary circuit, 
including any ferroresonant winding, operating at 
more than 50 V and dead metal parts. 

 

N/A 

 c) One thousand volts plus the rated voltage of a 
capacitor between the terminals of a capacitor 
used across the line for radio-interference 
elimination or arc suppression. 

 

N/A 

40.1.1 A dc potential of 1.414 times the rms value of the 
ac potential specified in 40.1 may be used instead 
of the ac potential. 

 
N/A 

40.2 To determine whether a unit complies with the 
requirements in 40.1 , the unit is to be tested 
using a 500 VA or larger capacity transformer, the 
output voltage of which can be varied. The applied 
potential is to be increased from zero to the 
required test value, and is to be held at that value 
for 1 min. 

 

N/A 

41 Induced Potential Test  N/A 

42 Testing on Transformer Insulating Materials  P 

42.1 If required by note (c) or (g) of Table 18.1 , the 
transformer insulating material shall be subjected 
to the test described in 42.2. 

 
P 

42.2 The insulating material is to be placed between 
two opposing electrodes. The electrodes are to be 
cylindrical brass or stainless steel rods 1/4 inch 
(6.4 mm) in diameter with edges rounded to a 1 
/32 in (0.8 mm) radius. The upper movable 
electrode is to weigh 50 ±2 g to exert sufficient 
pressure on the specimen to provide good 
electrical contact. The test potential is to be 
increased to the test value and the maximum test 
potential is to be maintained for 1 s. The result is 
acceptable if there is no dielectric breakdown. 

 

P 

43 Strain Relief Test N/A 

44 Overload Test P 
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44.1 Unless known to be acceptable for the application, 
a switch or other device in a secondary circuit 
shall perform acceptably when subjected to an 
overload test consisting of 50 cycles of operation 
making and breaking 150% of the rated 
secondary current. There shall be no electrical or 
mechanical breakdown of the device, undue 
burning or pitting of the contacts, or opening of the 
fuse in the grounding connections. 

 

P 

44.2 In a test to determine whether a switch or other 
control device complies with the requirements in 
44.1, the unit is to be connected to a supply circuit 
of rated frequency and maximum test voltage – 
see Table 32.1. During the test, exposed dead 
metal parts of the unit are to be connected to the 
polarity opposite to that of the switching device 
through a 3-A fuse. The device is to be operated 
for 50 cycles at a rate of not more than 10 cycles 
per minute, except that a faster rate may be 
employed with the concurrence of those 
concerned. 

 

P 

45 Over current Protection Calibration Test  P 

45.1 A fuse, or a non-adjustable manual reset circuit 
protective device, provided in the primary of a 
transformer for protection of the secondary circuit 
in accordance with 14.8 shall operate to open the 
circuit in not more than the time indicated in Table 
45.1 when the transformer is delivering the 
specified secondary current. 

 

P 

45.2 To determine if a fuse or circuit protective device 
complies with the requirement in 45.1, the 
transformer is to deliver the test current to a 
resistance load. 

 

P 

 During the 2-min test, the load is to be adjusted 
continuously to maintain the required test current. 

 
P 

 During the 60-min test, the load is to be adjusted 
once after 15 min of operation and the test is to be 
continued without further adjustment. 

 
P 

45.3 If the fuse or circuit protective device is used to 
protect more than one secondary winding or taps, 
each winding or partial winding is to be tested as 
indicated in 45.1 or 45.2 with the remaining 
windings delivering rated load. 

 

P 

46 Ground-Fault Circuit-Interrupter Evaluation Test For Power Units N/A 

47 Battery Charger Overcharge Test N/A 

48 Abnormal Operation Test P 

48.1 General P 
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48.1.1 A unit shall not emit flame or molten metal or 
become a risk of fire, electric shock, or injury to 
persons when subjected to the tests described in 
48.1.3 – 48.9.3, 48.11.1 and 49.1.1 – 49.3.1. 
Separate samples may be used for conducting 
these tests. 

 

P 

48.1.2 Following each test, a dielectric voltage withstand 
test as specified in 40.1 (a) is to be conducted. 

 
P 

 If agreeable to all involved, more than one 
abnormal test may be conducted on a single 
sample, and the dielectric voltage withstand test 
may be conducted after completion of all the 
abnormal tests. 

 

N/A 

48.1.3 The unit is to be at room temperature at the start 
of the output-short-circuit, switch-position, and 
specific-value-overload tests. 

 
P 

48.1.3.1 A risk of fire, electric shock, or injury to persons is 
considered to exist if: 

 
N/A 

 a) Flame, burning oil, or molten metal is emitted 
from the enclosure of the unit as evidenced by 
ignition, glowing, or charring of the cheesecloth or 
tissue paper, 

 

N/A 

 b) The insulation breaks down when tested in 
accordance with 48.1.2 

 
N/A 

 c) Live parts are made accessible (see Protection 
of Users – Accessibility of Uninsulated Live Parts, 
Film-Coated Wire, and Moving Parts, Section 9). 

 
N/A 

48.1.3.2 During these tests the unit is to be placed on a 
softwood surface covered with a white tissue 
paper and a single layer of cheesecloth is to be 
draped loosely over the entire enclosure 

 

P 

48.1.3.3 The cheesecloth is to be untreated cotton cloth 36 
in (910 mm) wide, running 14 – 15 yds/lb (28 – 30 
m/kg), and having,for any square inch, a count of 
32 threads in one direction and 28 in the other 
direction (for any square centimeter, 13 threads in 
one direction and 11 in the other direction). 

 

P 

 Units not having any bottom openings need not be 
placed on a softwood surface covered with tissue 
paper. 

 
N/A 

48.1.3.4 The enclosure of the unit is to be connected 
directly to ground. 

 
P 
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48.1.3.5 Each test is to be continued until further change 
as a result of the test condition is not likely. If an 
automatically reset protector functions during a 
test, the test is to be continued for 7 h. If a manual 
reset protector functions during a test, the test is 
to be continued until the protector is operated for 
1 0 cycles using the minimum resetting time, but 
not at a faster rate than 10 cycles of operation per 
minute. The following are considered as an 
acceptable termination of the test: 

 

P 

 a) Opening or shorting of one or more 
components such as capacitors, diodes, resistors, 
solid state devices, printed wiring board traces, or 
the like. 

 

P 

 b) Opening of the intended branch circuit over 
current protection device. 

 
P 

 c) Opening of an internal fuse.  P 

 If the manually reset protector is a circuit breaker 
that complies with the Standard for Molded-Case 
Circuit Breakers, Molded-Case Switches, and 
Circuit-Breaker Enclosures, UL 489, it is to be 
operated for 3 cycles using the minimum resetting 
time but not at a rate faster than 10 cycles of 
operation per minute. 

 

N/A 

 A manual reset protector that becomes 
inoperative in the open condition may be operated 
fewer than 10 cycles, but not less than 3 cycles. 

 
N/A 

48.1.4 The output short-circuit and specific-value-
overload tests are to be conducted on the bench 
and under the conditions described in 38.3.2 and 
38.3.3. 

 

N/A 

 A unit that employs integral fuses need not be 
subjected to the short-circuit test under the 
conditions described in 38.3.2 and 38.3.3. 

 
N/A 

48.1.5 Each test is to be conducted on a separate 
sample unless the manufacturer requests that 
more than one test be conducted on the same 
sample. 

 

P 

 the overload tests, one sample may be used 
provided it is subjected to the tests in the following 
order: 200% of rated current, followed by short-
circuit current. 

 

P 

48.1.6 A manually or automatically reset protector or 
other overload protective device in a unit shall 
open the output circuit within 2 min after initiation 
of the test, and within 30 s for subsequent cycles 
during the output-short-circuit, switch-position, 
and specific-value-overload tests. 

 

N/A 
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 The time required to open the output circuit may 
exceed the time specified provided the maximum 
temperatures attained do not exceed the limits 
specified in Table 39.1 for flush-wall mounted 
units, or 20°C (36°F) more than that specified in 
Table 39.1 for fixed or stationary stand-alone type 
units surfaces, and 20°C (36°F) more than that 
specified in Table 38.1 for components and 
materials. 

 

N/A 

 The switch-position test may be waived if with the 
transfer switch in the battery position, the unit will 
not operate when connected as described for the 
input test – see Section 34, Power Input Test – 
and no risk of fire or electric shock is found to 
exist. 

 

N/A 

 The time required to open the output circuit during 
the specific-value-overload test may exceed the 
time specified provided the unit does not emit 
flame or molten metal or become a risk of fire or 
electric shock while operating under the test 
condition described in 48.8.1 for 15 days. 

 

N/A 

48.2 Output short-circuit  P 

48.2.1 The external output connections of a unit are to be 
short-circuited and the unit is to be connected to a 
source of supply adjusted to the test voltage 
specified in Table 32.1. The source of supply may 
be protected by a time-delay branch-circuit over 
current-protective device rated not less than 20 A. 

 

P 

 During the test, the enclosure is to be connected 
directly to earth ground. A protective device such 
as an accessible fuse or circuit breaker provided 
as part of the unit is to remain in the circuit, and 
the largest fuse the fuse holder will accept is to be 
installed 

 

P 

48.2.2 For the test described in 48.2.1 , fuses or circuit 
breakers provided for individual low-voltage 
branch-circuit protection may remain in the circuit. 
If a fuse holder is provided, a fuse rated not less 
than 30 A is to be installed in the fuse holder. 

 

N/A 

 The short circuit may be applied across one 
individual low-voltage circuit, which, for the 
purpose of this test, may employ output leads as 
described in 13.1.3 having a total length of 4 ft 
(1.22 m) that is, having positive and negative 
leads each 2 ft (610 mm) long. 

 

N/A 

48.2.3 The external output connections of an inverter are 
to be short-circuited and the unit is to be 
connected to a source of supply adjusted to the 
inverter rated nominal input dc voltage. 

 

N/A 
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 The source of supply may be protected by a time-
delay over current-protective device rated no less 
than 150% of the rated inverter input current at full 
rated load. During the test, the enclosure is to be 
connected directly to earth ground. 

 

N/A 

 A protective device such as an accessible fuse or 
circuit breaker provided as part of the unit is to 
remain in the circuit, and the largest fuse the fuse 
holder will accept is to be installed. When an 
inverter circuit employs a microprocessor to shut 
down a unit due to an overload, that portion of the 
software shall be disabled for this test. 

 

N/A 

48.2.4 For the test described in 48.2.1 and 48.2.3, if 
acceptable results are based on the opening of an 
over current-protective device, the over 
temperature protective device shall be operable at 
the conclusion of the tests. 

 

N/A 

48.3 Switch position  N/A 

48.3.1 A unit provided with a manual battery-to-unit 
transfer switch and a battery-charging circuit is to 
be operated as described in the input test except 
with the transfer switch in the battery position. 

 

N/A 

48.4 Component malfunction  P 

48.4.1 Individual electronic components of a unit are to 
be, in turn, open-circuited and short-circuited. 

 
P 

48.4.2 The tests specified in 48.4.1 are to be conducted 
separately. Short circuits are to be applied 
between only two terminals of a multiterminal 
device at one time. The abnormal condition is to 
be introduced while the unit is operating under 
intended conditions. This may be accomplished 
by jumper leads and remote switches with 
consideration given to the effect these devices 
may have on the test. 

 

P 

48.5 Rectifier and capacitor short-circuit test N/A 

48.6 Vibration test P 

48.6.1 After the unit is subjected to the vibration test 
described in 48.6.2: 

 
P 

 ) The unit shall comply with the requirement in 
48.1 .1 , 

 
P 

 b) There shall be no loosening of parts, and  P 

 c) The unit shall operate normally.  P 

48.6.2 The vibration test shall consist of vibration for 1 h 
at a frequency of 12.5 cycles per second with a 
displacement of 1/4 inch (6.4 mm) in a vertical 
plane. The unit is to be mounted as intended in 
accordance with the manufacturer’s instruction 
manual during the test. 

 

P 
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48.7 Surge protectors N/A 

48.8 Specific value overload N/A 

48.9 Blanketing test N/A 

48.10 Flanged bobbin transformer abnormal test N/A 

48.11 Blocked fan N/A 

49 Evaluation of Reduced Spacings on Printed Wiring Boards P 

49.1 General  - 

49.1.1 In accordance with Exception No. 4 to 29.1.1, 
printed wiring board traces of different potential 
having reduced spacings may be investigated by 
conducting a dielectric voltage-withstand test as 
described in 49.2.1 and 49.2.2 for a protected 
environment, see 8.1 – 8.5, or a shorted trace test 
as described in 49.3.1 and 49.3.2 for a unit 
investigated for either a protected environment or 
a general environment. 

 

P 

49.2 Dielectric voltage-withstand test  P 

49.2.1 A printed wiring board as mentioned in 49.1.1 
shall withstand for 1 min without breakdown the 
application of a dielectric withstand potential 
applied between the traces having reduced 
spacings in accordance with 40.1 and 40.2. 

 

P 

49.2.2 Power-dissipating parts, electronic devices, and 
capacitors connected between traces having 
reduced spacings are to be removed or 
disconnected in a manner that the spacings and 
insulations, rather than the component parts, are 
subjected to the full dielectric voltage-withstand 
test potential. 

 

P 

49.3 Shorted trace test  N/A 

50 Burnout Test P 

50.1 A unit shall not emit flame or molten metal or 
become a risk of fire or electric shock while 
operating as in the temperature test except under 
the conditions described in 50.2.1. With reference 
to 50.3.1, the burnout test of the transformer shall 
be followed by a dielectric voltage-withstand test, 
as required by 40.1 (a). During each test all dead 
metal parts of the enclosure of the unit are to be 
connected directly to ground, and: 

 

P 

 a) The unit is to rest on a soft-pine surface 
covered with white tissue paper; 

 
P 

 b) A double layer of cheesecloth is to be draped 
over the unit. 

 
P 

 A nonmetallic enclosure with exposed dead metal 
parts that are not likely to become energized need 
not be grounded. 

 
P 
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50.2 Relay and solenoid burnout  N/A 

50.2.1 An electromagnetic relay or solenoid constructed 
as described in 7.19 is to be tested by blocking 
the armature or the plunger in the de-energized 
position. The unit is then to be connected to its 
rated source of supply and operated until burnout 
of the coil occurs or temperatures become 
constant. During the test, the unit enclosure is to 
be connected directly to ground. 

 N/A 

50.3.1 A resistive load that will cause the input to draw 
three times the current obtained during normal 
operation – see 34.1 – is to be connected directly 
to the transformer secondary winding with the unit 
connected to 100% of the maximum test voltage 
specified in Table 32.1 . 

 

P 

 For a transformer having a center-tapped 
secondary, a single load shall be connected 
across the secondary winding that results in the 
greatest potential. During this test all dead metal 
parts of the enclosure of the unit are to be 
connected directly to ground, the unit is to rest on 
a soft-pine surface covered with white tissue 
paper, and a double layer of cheesecloth is to be 
draped over the unit. The transformer is to be 
operated continuously: 

 

P 

 a) Until ultimate conditions are observed;  P 

 b) For 7 h if cycling of an automatically reset 
protector occurs 

 
P 

 c) For 50 cycles of resetting a manually reset 
protector. 

 
N/A 

 A nonmetallic enclosure with exposed dead metal 
parts that are not likely to become energized need 
not be grounded. 

 
N/A 

50.3.2 A ferroresonant transformer is to be tested as 
described in 50.3.1, except that a resistive load 
that will draw the maximum power input – see 
Section 34, Power Input Test – is to be connected 
directly to the transformer secondary winding, with 
the converter or inverter connected to 106% of the 
maximum test voltage specified in Table 32.1 . 

 

N/A 

50.3.2.1 A switch mode transformer is to be tested as 
described in 50.3.1 except the output of the 
transformer is to be connected to a resistive load 
that will draw maximum current without causing 
shutdown due to operation of circuitry or over 
current protective devices provided as part of the 
product. This condition is to be held to the position 
immediately before fold back. 

 

N/A 
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50.3.3 For the test required by 50.3.1 , primary over 
current protective devices, and secondary 
manually or automatically reset protectors integral 
with the transformer and connected in the 
secondary winding, are to remain in the circuit. 

 

N/A 

50.3.4 An open switch or other open contact device used 
within an enclosure that has openings in the 
bottom shall operate for 50 cycles with the 
secondary output short-circuited or carrying an 
equivalent current. There shall be no emission of 
flame or molten metal. 

 

N/A 

51 Gasket Tests N/A 

52 Atomized Water Test N/A 

53 Label Adhesion Test P 

53.1 Unless known to be acceptable for the application, 
a pressure-sensitive label that is required to be 
permanent shall be tested as described in 53.2. 

 
P 

53.2 After being subjected to the conditions described 
in 53.3 – 53.6 a pressure-sensitive label or a label 
secured by cement or adhesive is considered to 
be of a permanent nature if immediately following 
removal from each test medium, and after being 
exposed for 24 h to room temperature following 
removal from each medium each sample 
demonstrates good adhesion and the edges are 
not curled, and: 

 

P 

 a) The label resists defacement or removal as 
demonstrated by scraping across the test panel 
with a flat metal blade 1/32-in (0.8-mm) thick, held 
at right angles to the test panel. 

 

P 

 b) The printing is legible and is not defaced by 
rubbing with thumb or finger pressure. 

 P 

53.3 OVEN-AGING TEST – Three samples of the 
label, applied to test surfaces as in the intended 
application, are to be placed for 240 h in an oven 
maintained at the temperature specified in Table 
53.1 . 

 

P 

53.4 IMMERSION TEST – Three samples of the label, 
applied to test surfaces as in the intended 
application, are to be placed for 24 h in a 
controlled atmosphere maintained at a 
temperature of 23 ±2°C (73 ±4°F) at a relative 
humidity of 50 ±5%. The samples are then to be 
immersed in water for 48 h at a temperature of 21 
±2°C (70 ±4°F). 

 

N/A 

53.5 STANDARD ATMOSPHERE TEST – Three 
samples of the label, applied to test surfaces as in 
the intended application, are to be placed for 72 h 
in a controlled atmosphere maintained at a 
temperature of 23 ±2°C (73 ±4°F) at a relative 
humidity of 50 ±5%. 

 

N/A 
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53.6 UNUSUAL CONDITION EXPOSURE TEST – If 
the labels are exposed to unusual conditions in 
service, such as oil, grease, cleaning solutions, or 
the like, three samples of the label applied to test 
surfaces as in the intended application are to be 
placed for 24 h in a controlled atmosphere 
maintained at a temperature of 23 ±2°C (73 ±4°F) 
at a relative humidity of 50 ±5%. The samples are 
then to be immersed for 48 h in a solution 
representative of service use maintained at the 
temperature the solution would attain in service, 
but in no case less than 23 ±2°C. 

 

N/A 

 MANUFACTURING AND PRODUCTION TESTS - 

54 Dielectric Voltage-Withstand Test  P 

54.1 Each unit shall withstand without electrical 
breakdown, as a routine production-line test, the 
application of a potential at a frequency within the 
range of 40 – 70 Hz, between the primary 
wiring,including connected components, and 
accessible dead metal parts that are likely to 
become energized, and between primary wiring 
and accessible low-voltage (42.4 Vpeak or less) 
metal parts, including terminals. 

 

P 

54.2 The production-line test shall be in accordance 
with either condition A or condition B of Table 
54.1 . 

 
P 

54.2.1 A dc potential of 1 .41 4 times the rms value of the 
ac potential specified in Table 54.1 may be used 
instead of the ac potential. 

 
N/A 

54.3 The unit may be in a heated or unheated condition 
for the test. 

 P 

54.4 The test shall be conducted when the unit is 
complete – fully assembled. It is not intended that 
the appliance be unwired, modified, or 
disassembled for the test. 

 

P 

 Parts such as snap covers or friction-fit knobs that 
would interfere with performance of 
the test need not be in place. 

 
P 

 The test may be performed before final assembly 
if the test represents that for the 
completed unit. 

 
P 

54.5 If a unit employs a solid-state component that is 
not relied upon to reduce a risk of electric shock 
and that can be damaged by the dielectric 
potential, the test may be conducted before the 
component is electrically connected provided that 
a random sampling of each day’s production is 
tested at the potential specified in Table 54.1 . 

 

N/A 

 The circuitry may be rearranged for the purpose of 
the test to minimize the likelihood of solid-state-
component damage while retaining representative 
dielectric stress of the circuit. 

 

N/A 
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54.6 The test equipment shall include a transformer 
having an essentially sinusoidal adequate output, 
a means of indicating the test potential, an audible 
or visual indicator of electrical breakdown, and 
either a manually reset device to restore the 
equipment after electrical breakdown or an 
automatic reject feature of any unacceptable unit. 

 

N/A 

54.7 If the output of the test equipment transformer is 
less than 500 VA, the equipment shall include a 
voltmeter in the output circuit to directly indicate 
the test potential. 

 

N/A 

54.8 If the output of the test equipment transformer is 
500 VA or larger, the test potential may be 
indicated: 

 
N/A 

 a) By an acceptable voltmeter in the primary 
circuit or in a tertiary-winding circuit, 

 N/A 

 b) By a selector switch marked to indicate the test 
potential, 

 N/A 

 c) In the case of equipment having a single test-
potential output, by a marking in a readily 
visible location to indicate the test potential. 

 
N/A 

 When marking is used without an indicating 
voltmeter, the equipment shall include a positive 
means, such as an indicator lamp, to indicate that 
the manually reset switch has been reset following 
a dielectric breakdown. 

 

N/A 

54.9 Test equipment, other than that described in 54.6 
– 54.8 may be used if found acceptable to 
accomplish the intended factory control. 

 
P 

54.10 During the test, the primary switch is to be in the 
on position, both sides of the primary circuit of the 
unit are to be connected together and to one 
terminal of the test equipment, and the second 
test-equipment terminal is to be connected to the 
accessible dead metal. 

 

P 

 A unit resistive, high-impedance winding, or the 
like having circuitry not subject to excessive 
secondary-voltage build-up in case of electrical 
breakdown during the test may be tested with 
a single-pole primary switch, if used, in the off 
position, or with only one side of the primary 
circuit connected to the test equipment when the 
primary switch is in the on position, or when a 
primary switch is not used. 

 

N/A 

 The primary switch is not required to be in the on 
position if the testing means applies full test 
potential between primary wiring and dead metal 
parts with the switch not in the on position. 

 

N/A 

55 Grounding Continuity Test  N/A 
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55.1 Each unit that has a power-supply cord having a 
grounding conductor shall be tested, as a routine 
production-line test, to determine that electrical 
continuity exists between the grounding blade of 
the attachment plug and accessible dead metal 
parts of the unit that are likely to become 
energized. 

 

P 

55.2 Only a single test need be conducted if the 
accessible metal selected is conductively 
connected by design to all other accessible metal. 

 
N/A 

55.3 Any acceptable indicating device – an ohmmeter, 
a battery-and-buzzer combination, or the like – 
may be used to determine whether an appliance 
complies with the grounding continuity 
requirement in 55.1 . 

 

P 

 RATING P 

56 General  - 

56.1 The input of a unit shall be rated in amperes or 
watts and volts, and in frequency expressed in 
one of the following terms: hertz, Hz, cycles-per-
second, cps, cycles/second, or c/s. 

 

P 

56.2 With reference to 56.1 , for a unit having a single 
voltage rating, such as 115 V, rather than being 
rated for a range of voltages, such as 110 – 115 
V, maximum rated voltage is considered to be 1 
20 V. For a unit nominally rated 230 V, maximum 
rated voltage is considered to be 240 V. If the 
rating is given in terms of a range of voltages, 
maximum rated voltage is considered to be 120 V 
or 240 V, minimum. 

 

P 

56.3 The output circuit of a unit shall be rated in 
amperes and volts. 

 P 

56.4 If a unit includes an attachment-plug receptacle 
intended as a general use outlet, the added load 
that the receptacle may impose on the unit and its 
supply connections shall be included in the 
electrical rating of the unit. 

 

P 

 MARKINGS P 

57 Details P 

57.1 Unless otherwise stated, all markings are required 
to be permanent, that is, either by being molded, 
die-stamped, paint-stenciled; stamped or etched 
metal that is permanently secured; or indelibly 
stamped on a pressure-sensitive label secured by 
adhesive that, upon investigation is found to 
comply with the applicable requirements for indoor 
use labels in the Standard for Marking and 
Labeling Systems, UL 969. 

 

P 
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57.2 A marking as required by 57.1 need not be 
located on the outside of an enclosure, provided it 
is readily visible by opening a door or removing a 
cover after installation. A marking that is not 
visible unless a cover is removed is acceptable 
only if the field wiring will not be disturbed by 
removing the cover and if the marking is visible at 
the time it is needed. 

 

P 

57.3 A required marking on a flush-mounted panel 
shall be visible with the panel mounted on the 
enclosed base, except that required wiring and 
installation instructions may be visible upon 
removal of the panel from the enclosure base. 

 

N/A 

58 Content P 

58.1 A unit shall be marked with:  P 

 a) The manufacturer’s name, trade name, or 
trademark – hereinafter referred to as the 
manufacturer’s name; 

 P 

 b) A distinctive catalog number or the equivalent;  P 

 c) The input voltage, frequency, and amperes or 
watts; 

 P 

 d) The words ″Provided with integral protection 

against overloads;″ 
 P 

 e) The output voltage and current in amperes;   P 

 f) The date or other dating period of manufacture 
not exceeding any three consecutive months. 

 P 

58.2 Polarity identification shall be provided for output 
connections. The polarity is to be identified by: 

 N/A 

 a) The words ″battery positive,″ ″converter 

positive,″ and ″negative;″ 
 N/A 

 b) The words ″battery″ and ″converter″ 

followed by the signs ″+″ for positive and ″

− ″ fornegative; 

 
N/A 

 c) Color coding of red for battery positive, blue for 
converter positive, and white for negative; or 

 N/A 

 d) The abbreviations ″Pos″ and ″Neg″ with 

the symbols ″+″ and ″−.″ 
 N/A 

58.3 With reference to the requirements in 58.2, the 

words ″battery,″ ″converter,″ ″positive,″ 

and″negative″ may be abbreviated ″

Batt.,″ ″Conv.,″ ″Pos.″ and ″Neg.,″ 

respectively. 

 

N/A 

58.4 A unit shall be marked to indicate the branch-
circuit protection provided for each secondary-
circuit-output connection – terminals, pigtail leads, 
plug and receptacle combinations, and the like. 

 

P 

58.5 If a manufacturer produces or assembles a unit at 
more than one factory, each unit shall have a 
permanent, distinctive marking – which may be in 
code – by which it may be identified as the 
product of a particular factory. 

 

N/A 
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58.6 If a unit incorporates an automatic means to 
change from direct-current unit power to direct-
current battery power, the automatic function shall 
be described in the manufacturer’s instructions. 

 

N/A 

58.7 If a transfer switch is provided to change from 
direct-current unit power to direct-current battery 
power, the switch position shall be permanently 
marked as specified in paragraph 58.2. 

 

N/A 

58.8 A transfer switch or relay provided with a terminal 
or lead for a battery connection shall be marked 
to indicate the current and voltage rating and the 
maximum size conductor that can be connected. 

 

N/A 

58.9 A unit employing devices such as switches, 
relays, or the like, that tend to produce arcs or 

sparks shall be marked, ″WARNING – This unit 

employs components that tend to produce arcs or 

sparks – Toprevent fire or explosion, do not 

install in compartments containing batteries or 

flammable materials.″ 

 

N/A 

58.10 A cautionary warning, or danger marking shall be 
permanent and shall be located on a part that 
requires a tool for removal. 

 
P 

58.11 A cautionary marking to instruct the operator shall 
be visible and legible to the operator during 
normal operation of the unit. 

 
P 

58.12 A cautionary marking shall be prefixed by the 

word ″CAUTION,″ ″WARNING,″ or ″

DANGER″ in letters not less than 1/8-in (3.2-

mm) high. The remaining letters shall not be less 
than 1 /16-in (1.6-mm) high. 

 

P 

58.13 Each interchangeable fuse shall be marked to 
indicate the ampere and voltage rating and type of 
the fuse to be used for replacement. The marking 
shall be located so that it is apparent as to which 
fuse the marking applies. 

 

N/A 

58.14 4 In addition to the marking required in 58.13, a 
marking shall be provided adjacent to the fuse 
holder or fuse holders and shall consist of the 

word ″CAUTION″ and the following or the 

equivalent: ″For continued protection against risk 

of fire, or electric shock replace only with same 

type and ratings of fuse″. 

 

N/A 

58.15 The current rating of a manually reset protector 
used for branch-circuit protection shall be 
permanently and legibly marked either on or 
adjacent to the protector. 

 

N/A 

58.16 A unit shall be marked ″CAUTION – To prevent 

fire, do not cover or obstruct ventilation openings. 
Do not mount in zero-clearance compartment. 

Overheating may result.″ An equivalent wording 

may be used for the statements following the 

word ″CAUTION.″ 

 

P 
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58.17 A unit incorporating an integral battery charger 
shall be clearly and permanently marked to 
specify the rating of the battery charger and 
whether this rating is part of the total output rating. 

 

N/A 

58.18 A unit shall be marked to indicate the 
manufacturer and catalog or model designation of 
a matching attachment plug or receptacle 
provided for the low-voltage output connection. 

 

N/A 

58.19 Unless a receptacle provided for the low-voltage 
output connection and its attachment plug have 
been tested for current interruption, a unit shall be 

permanently marked ″For disconnect use only – 

not for current interruption,″ or with equivalent 

wording. 

 

N/A 

58.20 The position of an operating handle or knob shall 
be permanently marked, if necessary, as a guide 
for intended operation. 

 
P 

58.21 A unit provided with a marking in lieu of integral 
ground-fault circuit-interrupter protection shall be 
marked: 

 
N/A 

 a) With the word ″WARNING″ and the following 

or the equivalent: ″Risk of electric shock. Use 

only (manufacturer’s name), type (catalog 
number) ground-fault circuit-interrupter 
receptacle(s)or circuit breaker(s)]. Other types 
may fail to operate properly when connected to 

this unit″; 

 

N/A 

 b) With the word ″WARNING″ and the following 

or the equivalent: ″Risk of electric shock. Use 

only the ground-fault circuit-interrupter 
[receptacle(s) or circuit breaker(s)] specified in the 
installation and operating instructions manual 
supplied with this unit. Other types may fail to 

operate properly when connected to this unit.″ 

 

N/A 

58.22 Ungrounded dead-metal parts specified in 9.3.3 

shall be plainly marked with the word ″

WARNING″and the following or the 

equivalent: ″Risk of Electric Shock,″ (identify 

part or parts not earth grounded) 

″are not bonded to ground, test before 

touching.″ The marking shall be provided on or 

adjacent to the ungrounded dead-metal parts, and 
shall be visible so that each part or group of parts 
is positively identified. 

 

N/A 

58.23 A unit in compliance with the requirements for a 
Class CTL panel board in the Standard for 

Panel boards, UL 67, shall be marked ″

Distribution Panelboard″ or the equivalent. 

 

N/A 
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58.24 A unit with two or more branch circuit outputs that 
do not comply with either Part II of this standard 
or the applicable requirements for a Class CTL 
panel board in the Standard for Panel boards, UL 

67, shall be marked with the word ″WARNING″ 

and the following or equivalent: ″Unit requires 

use of a Distribution Panel board for proper 

connection.″ 

 

N/A 

58.25 A fixed power inverter/converter that exceeds the 
temperature limits specified in Table 38.1 – see 
footnote (j) of Table 38.1 – shall be legibly marked 
where readily visible after installation with the 

work ″CAUTION″ and the following or 

equivalent ″Hot Surfaces – To Prevent Burns – 

Do Not Touch.″ 

 

N/A 

 INSTRUCTIONS  

59 Instruction Manual  P 

59.1 The installation and operating instructions manual 
for a unit provided with a marking in lieu of 
integral ground-fault circuit-interrupter protection 
shall indicate that ground-fault circuit-interrupters 
shall be installed in the recreational vehicle wiring 
system to protect all branch circuits. 

 

P 

 In addition, if a marking as specified in (b) of the 
Exception to 24.1 is used, the installation and 
operation instructions manual shall also specify 
the manufacturer and catalog number for each 
acceptable ground-fault circuit-interrupter 
protective device. 

 

P 

59.2 A stationary or fixed power inverter/converter that 
exceeds the temperature limits specified in Table 

38.1–see footnote (j) of Table 38.1–shall be 

provided with instructions specifying that: ″The 

power unit is to be installed so that it is not likely 

to be contacted by people″or equivalent wording. 

 

N/A 

59.3 The operating instructions for a unit intended to be 
connected to the cigarette lighter or power outlet. 

 N/A 

59.4 If required by Exception No.1 or Exception No.3 to 
21.2.3, the instruction manual shall include a 
statement indicating that branch rated over 
current protection for the ac output circuit is to be 
provided at the time of installation. 

 

N/A 

 PART II – POWER-CONVERTER SYSTEMS  

60 General   

60.1 The requirements in Sections 61– 68 supplement 
and, in some cases, modify the general 
requirements in Sections 3 – 58. 

 
 

 CONSTRUCTION  

61 Frame and Enclosure  P 
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61.1 An overall enclosure shall employ materials 
throughout that are acceptable for the purpose 
and shall be so constructed as to have the 
strength and rigidity necessary to resist the 
ordinary abuses to which it may be subjected, 
including the tests specified in this standard so 
that: 

 

P 

 a) It will retain its shape;  P 

 b) Doors will close tightly;  P 

 c) Covers, fronts, and the like will fit properly.  P 

61.2 The enclosure shall not have an open hole or slot 
for the movement of an operating handle. 

 P 

61.3 The portion of an enclosure housing the line-
voltage circuit breaker shall completely enclose all 
live parts and wiring and shall comply with the 
requirements in the Standard for Enclosures for 
Electrical Equipment, Non-Environmental 
Considerations, UL 50, except for modifications 
and additional requirements as specified in this 
standard. 

 

N/A 

61.4 With reference to 61.3, a barrier shall be provided 
to separate a circuit-breaker compartment and 
field-wiring compartment from a ventilated portion 
of the enclosure. See 61.6. 

 

N/A 

61.5 Mating parts of an enclosure of a power converter 
system that incorporate a two-piece enclosure, 
such as a flush wall-mounted converter system, 
shall be polarized if the enclosure is intended to 
be mounted in only one way. 

 

N/A 

 A but joint may be employed at a metal barrier 
used to separate the unit compartment from the 
field-wiring compartment or circuit-breaker 
compartment provided that: 

 

N/A 

 a) Ventilating openings are located at least 1 in 
(25.4 mm) away from the joint; 

 N/A 

 b) The barrier is located not more than 1/32 in (0.8 
mm) from walls and covers. 

 N/A 

61.7 A component housing line-voltage circuit breakers 
shall be sufficiently deep to allow a door or cover 
to be closed with the handle of a circuit in any 
operating position. 

 

N/A 

61.8 The thickness of sheet-metal enclosures for 
compartments other than line-voltage circuit-
breaker and field-wiring connection compartments 
shall comply with the requirements in 7.3. 

 

N/A 

61.9 A door may employ a captive fastener that is 
designed to be closed by hand in lieu of a latch. 
Such fasteners shall be located or used in multiple 
so as to hold the cover closed over its entire 
length. 

 

N/A 

62 Power-Supply Assembly  P 
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62.1 A power-converter system shall be constructed 
and arranged to permit connection of the 
power-supply assembly for the required current 
rating. If two or more 15-A or 20-A circuits are 
provided, the main power-supply assembly shall 
be rated 30 A. 

 

P 

62.2 A power-converter system shall be provided with:  P 

 a) Complete detailed installation instructions for 
the power-supply assembly, 

 P 

 b) The power-supply assembly strain-relief means 
either in position or loose in the wiring 
compartment. 

 
P 

62.3 A connector base motor-attachment plug intended 
for connection to a cord set may be provided for 
connection to the source of supply. 

 
P 

62.4 With reference to the requirement in 62.1, the 
power-supply assembly current rating shall be in 
accordance with Table 62.1. 

 
P 

62.5 The power-supply cord shall comply with the 
requirements applicable to power-supply cords for 
recreational vehicles. 

 
P 

63 Supply and Output Connections  P 

63.1 A supply- and remote-circuit wiring compartment 
shall be provided with pressure wire connectors, 
wire-binding screws, or pigtail leads for the input 
supply and remote circuits. A grounding bus shall 
be provided for the connection of each grounding 
conductor. Field-wiring leads shall not be used for 
grounding. 

 

P 

63.2 Supply and remote circuits shall be identified by 
color coding or marking. 

 N/A 

63.3 A pigtail lead employed for a remote line-voltage 
circuit shall be provided with a wire connector, on 
the end of the lead and taped, or the lead may be 
cut, folded over and taped. See 63.4. 

 

N/A 

63.4 A pigtail lead intended for field connection shall be 
provided with strain relief complying with 43.3 so 
that stress on the lead will not be transmitted to 
terminals, splices, or interior wiring. 

 

N/A 

63.5 A compartment for supply connections shall be 
provided with acceptable connection means so 
that the grounded circuit conductor will be 
insulated from the equipment-grounding 
conductors and from equipment enclosures and 
other grounded parts. 

 

P 

63.6 A power-converter system shall incorporate a 
solder less pressure terminal connector 
acceptable for a No. 8 bare copper grounding 
conductor for bonding the system to the frame of 
a recreational vehicle. 

 

P 

63.7 A wiring terminal shall secure the maximum and 
minimum number of conductors of a size having 
an ampacity adequate for the application. 

 
N/A 



 

 

Report No.: CTK20230811014                     Page 55 of 62    

UL 458 

Clause Requirement + Test Result - Remark Verdict 

 

Guangzhou Certitek Testing Services Co., Ltd.                                                                                          
UL 458A 

63.8 A wiring terminal shall be located so that it will be 
accessible for examination, and connections may 
be tightened or branch-circuit wires removed 
without loosening any screws that secure bus 
bars, switches, circuit breakers, fuse holders, or 
the like. 

 

N/A 

63.9 When installed as intended, an equipment-
grounding terminal or terminal assembly shall 
provide a reliable bond to the frame or enclosure. 
The resistance of the connection between any 
installed equipment-grounding conductor and the 
frame or enclosure shall not exceed 0.005 Ω. 

 

N/A 

63.10 To determine whether a bonding connection 
complies with the requirement in 63.9, a current of 
30 A is to be passed through the connection. The 
resulting drop in voltage is to be measured 
between a point on the conductor 1/16 in (1.6 
mm) from the connection and a similar point on 
the frame or enclosure not less than 1/16 in from 
the bonding connection. 

 

N/A 

63.11 Except as indicated in 68.7 the equipment-
grounding terminal or assembly shall be green or 
the head of the terminal screw shall be green and 
it shall not be likely to be removed during the 
normal servicing of the unit. 

 

P 

64 Overcurrent Protection P 

64.1 A power-converter system shall be provided with 
over current protection as specified in Table 62.1. 
The circuit breakers shall be rated 125 V 
minimum. See 7.8 and 7.9. 

 

P 

64.2 With reference to 64.1, a power-converter system 
incorporating only one 15- or 20-A line voltage 
branch circuit shall employ ground-fault circuit-
interrupter protection in accordance with the 
requirements for a Class A device contained in 
the Standard for Ground-Fault Circuit Interrupters, 
UL 943, which will serve to interrupt the supply 
circuit in the event of a ground fault, with or 
without any combination of the following fault 
conditions present in the supply circuit: 

 

N/A 

 a) The ungrounded and grounded supply 
conductors transposed. 

 N/A 

 b) An open grounded circuit conductor.  N/A 

64.3 With reference to 64.1, each circuit breaker shall 
be acceptable for branch-circuit protection and 
shall incorporate a manual off position properly 
identified. The circuit breaker shall be connected 
to open all ungrounded conductors of the circuit. A 
multiple-pole circuit breaker shall be of the 
common-trip type. 

 

P 
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 A combination of single-pole circuit breakers and 
handle ties that complies with the applicable 
requirements in the Standard for Molded-Case 
Circuit Breakers, Molded-Case Switches, and 
Circuit-Breaker Enclosures, UL 489, may be used 
as the protection for each ungrounded conductor 
supplying line-to-line connected loads of a power-
converter system rated for connection to one of 
the following circuits of a grounded system: 

 

P 

 a) Single-phase circuit,  P 

 b) 3-wire direct-current circuit.  N/A 

64.4 There shall be no over current-protective device in 
the permanently grounded wire of any circuit 
unless opening of the over current-protective 
device simultaneously opens all the conductors of 
that circuit. 

 

P 

64.5 An accessible means shall be provided so that 
each branch circuit can be independently 
de-energized. 

 
P 

64.6 The input current rating of a power-converter 
system shall not exceed 50% of that of the branch 
circuit to which it will be connected. 

 
P 

65 Transfer Switch/Mechanisms  N/A 

66 Spacings  N/A 

 PERFORMANCE  N/A 

67 Temperature Test  P 

67.1 The temperature test shall be conducted as 
indicated in Section 38, Temperature Test, except 
as indicated in 67.2 and 67.3. 

 
P 

67.2 Direct-current secondary-output circuits are to be 
loaded as specified in Section 34, Power Input 
Test. Line-voltage alternating-current remote 
circuits including internal loads are to be loaded to 
80% of the circuit-breaker rating. Additional line-
voltage circuits are to be resistance-loaded to an 
input current of 80% of the total input rating of the 
power-converter system. 

 

N/A 

67.3 The temperature rise on a bus, a connecting bar, 
and a factory-wired circuit-breaker terminal shall 
not exceed 65°C (117°F). The temperature of 
associated wiring – for example, supply assembly, 
remote circuit wiring, and the like – shall not 
exceed the rated temperature limit. All other 
temperature rises shall comply with the maximum 
acceptable temperature rises specified in Table 
38.1 . 

 

N/A 

 MARKINGS   

68 Details  P 
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68.1 A power-converter system shall be marked with 
the manufacturer’s name, trademark, or other 
descriptive marking by which the organization 
responsible for the product may be identified, a 
distinctive catalog number or the equivalent, and 
the voltage rating and total current rating. 

 

P 

68.2 A power-converter system shall be marked to 
specify the rating of the factory-wired equipment 
provided on each individual line-voltage branch 
circuit – for example, a convenience receptacle 
mounted on the enclosure of a power-converter 
system, and the like. 

 

P 

68.3 With reference to the requirement in 68.2, if 
pressure terminals are provided for additional 
remote circuits, a power-converter system shall be 

marked, adjacent to the pressure terminals: ″For 

connection of remote circuits,″ or the equivalent. 

 

P 

68.4 A power-converter system shall be marked ″
Suitable for direct connection to ____ ampere, 1 
25 volt recreational vehicle power-supply 

assembly.″ 

 

P 

68.5 If a transfer mechanism is employed to switch 
from generator to line-power, a power-converter 
system shall be marked to specify the action 
required to switch the power unless the system is 
automatic. 

 

P 

68.6 If a combination line-generator system is 
provided, marking adjacent to the means for 
connection shall specify the maximum generator 
rating. See 65.2. 

 

P 

68.7 The color identification required by 63.11 need not 
be provided if the equipment-grounding terminal 

or assembly is identified by the marking ″

Equipment-Grounding Terminal″or a suitable 

abbreviation adjacent to the terminal on a wiring 
diagram. 

 

P 

 SUPPLEMENT SA-MARINE POWER CONVERTERS/INVERTERS AND 
POWER CONVERTER/INVERTER SYSTEMS 

NA 

 APPENDIX A NA 
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Table 18.1 

Transformer insulation 

Insulation required                                                                     Type of insulation 

1 . Insulation between the primary wires of opposite polarity and between                       a, b, c or d 

secondary wires of opposite polarity having a potential greater than 30 Vrms 

(42.4 Vpeak) 

2. Insulation between the primary and any secondary winding                                          a, b, c or d 

3. Insulation between any winding or lead connections and dead-metal parts              a, b, c, d, e, f or g 

4. Insulation between the crossover leads and (1 ) the turns of a different                        a, d, e, g or h 

winding, (2) the metal enclosure of a unit, or (3) the core                                                 

a
Electrical grade paper that is waxed or otherwise treated to retard the absorption of moisture and that has 

a total thickness of not less than 0.028 in (0.71 mm); polyethylene terephthalate film, not less than 0.007-
in (0.178-mm) thick; or aramid paper, not less than 0.0085-in (0.203-mm) thick. 
b
A thermoplastic or thermostat coil form not less than 0.028-in (0.71 -mm) thick. 

c
A material having a thickness less than 0.028 (0.71 mm) in may be used provided that it is equivalent to 

Note (a) or (b) and the material has a minimum dielectric breakdown strength of 5000 V for the thickness 
used when tested as specified in Testing on Transformer Insulating Materials, Section 42. 
d
Spacings specified in Table 18.2 may be used in place of the specified insulation. Spacings in Table 29.2, 

if applicable, may be used. 
e
Electrical grade paper, waxed or otherwise treated to resist the absorption of moisture, having a total 

thickness of not less than 0.013 in (0.33 mm) if used in conjunction with an air spacing of one-half that 
specified in Note (d). 
f
Electrical grade paper, waxed or otherwise treated to resist the absorption of moisture, having a total 
thickness of not less than 0.028 in (0.71 mm) if the insulation is in contact with the enclosure. 
g
A material having a thickness less than that specified in Notes (e) and (f) may be used, provided that it is 

equivalent to Notes (e) and (f) and the material has a minimum dielectric breakdown strength of 2500 V for 
the thickness used for Note(e) and 5000 V for the thickness used for Note (f) when tested as specified in 
Testing on Transformer Insulating Materials,Section 42. 
h
Any type and thickness of insulation in addition to the magnet wire coating, or a through air spacing less 

than that specified in Table 1 8.2 may be used between a crossover lead and the winding to which it is 
connected if the construction complies with either of the following: 

1 . The coil withstands the appropriate dielectric voltage withstand potential described in 40.1 and 40.2. 
The potential is to be applied between the coil leads with the crossover lead cut at the point where it 
enters the inner layer. 

2. The coil withstands the induced potential described in 41 .1 – 41 .4. 

Table 18.2 

Spacings within a transformer 

Minimum spacing through air and over surface, in (mm) between any 

uninsulated live part and an uninsulated live part of opposite polarity, or 

Potential involved, V                                                                 the core
a
 

0 – 50                                   3/64                                 (1.2) 

50 –125                               1/16                                  (1.6) 

125 – 250                              3/32                                  (2.4) 

250 – 600                               1/4                                   (6.4) 

a
Includes turns of a coil having a magnet wire coating. 
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34 TABLE: Power Input Test P 

Model Number Electrical Ratings 

INPUT OUTPUT 

DC(V) AC(V) (W) (A) (Hz) 

SPVC700048 
48 120.3 7002 58.2 60 

48 240.0 7000 29.17 60 

Supplementary information:  

 

38 TABLE: Normal Temperature Test P 

 Test voltage (V) ................................................... 
 .............................................................................. : 

48V 
 

 Ambient (C) ........................................................ : t1 (C)25.3  

Thermocouple locations Max. temperature rise 
measured, Δ T (K) 

Max. temperature rise 
limit, Δ T (K) 

Enclosure 21.6 90 

Terminal 34.3 75 

Relay 42.9 90 

T1 winding 71.6 130 

T1 core 68.2 130 

Mounting surface 27.9 60 

Supplementary information:  
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Fig 1. General view  

 

 

 

Fig 2. General view  
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Fig 3. General view  

 

 

 

Fig 4. General view 
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Fig 5. Internal view 

 

 

 

Fig 6. Internal view 

===== End of Report ===== 


