
UL 1450 

STANDARD FOR SAFETY 

Motor-Operated Air Compressors, 
Vacuum Pumps, and Painting 
Equipment 

ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 1
45

0 2
02

5

https://ulnorm.com/api/?name=UL 1450 2025.pdf


ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 1
45

0 2
02

5

https://ulnorm.com/api/?name=UL 1450 2025.pdf


APRIL 16, 2025 - UL 1450 

UL Standard for Safety for Motor-Operated Air Compressors, Vacuum Pumps, and Painting Equipment, 
UL 1450 

Fourth Edition, Dated May 5, 2010 

Summary of Topics 

tr1 

This revision to ANSI/UL 1450 dated April 16, 2025 includes the following changes in requirements: 

- Proposed addition of Supplement for fire sprinkler air compressors; 8.3 (deleted), 36.2.1 
(Exception No. 2 deleted), 37.2 (Exception deleted), 64.2.4 (deleted), 67.8 (deleted), 
Supplement SC 

- Miscellaneous updates 

Text that has been changed in any manner or impacted by ULSE's electronic publishing system is marked 
with a vertical line in the margin. 

The new and revised requirements are substantially in accordance with Proposal(s) on this subject dated 
February 28 , 2025. 

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or 
transmitted in any form by any means, electronic, mechanical photocopying, recording, or otherwise 
without prior permission of ULSE Inc. (ULSE). 

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

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

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

1 Scope 

1.1 These requirements cover household and commercial air compressors, vacuum pumps, inflators 
{both compressor-type and blower-type inflators). paint sprayers. paint mixers. and paint pigment 
dispensers intended for indoor or outdoor use or both in accordance with the National Electrical Code. 
A NSIINFPA 70. These requirements also cover motor-operated air compressors intended for use with 
sprinkler systems in accordance with the Standard for Installation of Sprinkler Systems, NFPA 13, and the 
National Electrical Code. ANSI/NFPA 70. 

1.2 These requirements do not cover products: 

a) Rated more than 600 V, 

b) Employing a universal motor rated more than 250 V, or 

c) Intended for installation and use in a hazardous location. 

1. 3 These requirements do not cover medical and dental products; products intended to be used in 
heating, air conditioning, or refrigeration systems; paint heaters; electrostatic paint spraying products; or 
other products covered by separate requirements. 

1.4 These requirements do not cover pneumatic tools and accessories that are covered by the Outline 
for Investigation for Portable Pneumatic Tools, UL 7700-1. 

1.5 These requirements do not cover induslrial compressors that are primarily supplied to an individual 
customer specification with regard to pressure, flow, electrical supply, or optional equipment. 

2 Glossary 

2.1 For the purpose of this standard the following definitions apply. 

2.2 AUTOMATICALLY CONTROLLED PRODUCT - A product is considered to be automatically 
controlled under any one or more of the following conditions if: 

a) The repeated starting of the product, beyond one complete predetermined cycle of operation to 
the point where some fonn of limit switch opens the circuit, is independent of any manual control. 

b) During any single predetermined cycle of operation, the motor is caused to stop and restart one 
or more times. 

c) Upon energizing the product, the initial starting of the motor may be intentionally delayed beyond 
normal, conventional starting. 

d) During any single predetermined cycle of operation, automatic changing of the mechanical load 
may reduce the motor speed sufficiently to reestablish starting-winding connections to the supply 
circuit. 

2.3 EQUIPMENT, FIXED - Equipment that is intended for permanent connection to the electrical supply. 
This type of equipment may be physically secured to the supporting surface. 

2.4 EQUIPMENT, MOVABLE - Cord-connected equipment that is intended to be moved from location to 
location during and in between performing its intended function. This type of equipment is not supported 
by the user, but supported by the ground or by other supporting surface during use. 
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2.5 EQUIPMENT, STATIONARY - Eq uipm en t  that is cord - connected, but is n ot req uired to be m oved 
from it s orig in al location d uring or in be twe en p e rforming its in t ended function. 

2.6 FLASH POINT - The m in imum t emperature of a liquid at which vap or is e vol ved in sufficien t quantity 
to form a flamm able m ixture with the air n ear the surface of the liquid or within the test vessel. 

2.7 HAND-HELD PRODUCT, HAND-GUIDED PRODUCT - A p ortable product that during use is 
contacted by the hand of the user for purp oses of electrical or p hys ical con t rol but not for complete 
support. 

2.8 HAND-HELD HIGH - PRESSURE PAINT SPRAYER - A movable spraying system in t end ed to b e  
held in t h e  hand during normal u s e  that con s is ts  o f  a p ain t reservoir integ ral to  t h e  spray gun and pump 
ass em bly that op erates at a pressure of 360 ps i  (2482 kPa) or g reater at the sp ray t ip. 

2.9 HAND-SUPPORTED PRODUCT - A product that is p hys ically supported by any p art of the body of 
the us e r  d uring the p e rform ance of i ts int ended e l e ctrically - op e rat ed fun ct ion s, such as a por table paint 
sprayer with an in teg ral m otor. 

2.10 HIGH - PRESSURE AIRLESS PAINT SPRAYER - A spraying system emp loying a sep arate high­
pr e s sure liq uid p ump as s em bly conn e ct ed by a hig h-pre ssure  liq uid hos e to a spray g un that op erat e s  at a 
p r e s sure of 360 ps i  (2482 kPa) or g reater. 

2.11 HIGH -PRESSURE PAINT SPRAYING PRODUCT - A term that app lies to both a hand -he ld high­
press ure p aint sprayer and a high-pressure airless paint sprayer. 

2.12 HOUSEHOLD-USE PRODUCT - A p roduct that c omplie s with H ousehold Type Products, Sect ion 
64.4, and has an in struction m an ual that complies with 66.6. 

2.13 INDOOR -USE PRODUCT - A  p rod uct m arked in accord an ce with  65.14 that is in t end ed to be used 
in an ind oor location and where wet con t act is n ot likely to occur. 

2.14 INFLATOR - A  type of d evice that falls und er on e of the following two categories: 

a) Blower-Typ e lnflator - An inflator p rod uct where the p rim ary method to p rovid e the in flat ion 
function is t o  g en erate air m ovement  by rotation of an imp e ll e r  or bl ad e configurat ion in ord er to  
bl ow air out o f  the inflator out l e t  and in to  the  inflatable prod uct. Thes e types ar e  used t o  inflate low 
press ure objects, such as air m attresses and pool toys, and they do n ot cont ain any typ e of 
press uriz ed ve s sel. 

b) Comp ressor-Type ln fl ator- An in flator prod uct where the p rim ary method to p rovid e the in flat ion 
fun ct ion is t o  compress  air in ord er to  cause air m ovement throug h p ressure d iffe rent ials, the r eby 
forcing air from the inflator outlet in t o  the in flatable product. These types are used to in flate obj ect s 
such as automobile t ires and m ay or m ay not cont ain a pressurized vess el. 

2.15 LINEAR COMPRESS OR VACUUM PUMP - A n on tan k typ e compressor or vacuum p ump that 
empl oys a d iaphragm p ump actuated by a m oving m em b e r  located between two coil as s emblie s  rather 
than a s tand ard m otor op erated pi s ton, for examp le, style pump. 

2.16 LINE-VOLTAGE CIRCUIT - A  circuit in volving a p otential of n ot more than 600 V and having circuit 
characteristics in excess of those of a l ow- voltag e circuit. 

2.17 LOWER FLAMMABLE LIMIT (LFL) - The m in imum con cent ration of a g as in air that, if ign it ed, will 
propag at e  flam e  throughout th e  g as - air m ixture ind ep end ent ly of con t inued app licat ion of the source of 
igni t ion; express ed as a percent by vol ume of g as in air. 
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2.18 LOW-VOLTAGE CIRCUIT - A  circu it i nvolvi ng a peak open - circuit potenti al of not more than 42.4 V 
suppli ed by a primary battery, by a Cla s s  2 t ransformer. or by a combination of a t ransformer and a fixed 
imped an ce that as a uni t ,  compli es with al l  performa nce req uirements for a Cla s s  2 t rans former. A circui t  
deri ved from a li ne-voltage circuit by connecting a resi s tance in  series wi th the supply ci rcuit ,  as a mean s 
of limiting the voltage and current, i s  n ot consid ered to be a low-voltage circui t. 

2.18.1 LOW-VOLTAGE, LIMITED - ENERGY CIRCUIT - A  ci rcuit involving a poten tial of not more than 
42.4 volts peak or 60 V de wi th limi ted energy as d es cribed in Low Voltage Limi ted Energy Ci rcuits, 
Section 278. 

2.19 OCCASIONAL OUTDOOR-USE PRODUCT - A prod uct that is able to be used outdoors and be 
s tored within a gara ge. These products a re not intended to be exposed to rain and are marked in  
accord ance wi th 65.13. 

2.20 OUTDOOR- USE PRODUCT - A product that i s  i nt ended for use in locations ex posed to weather 
including parti ally protected locations und er can opies, roofed open porches, barns, and s imi lar locations 
that may be d amp or wet. 

2.20.1 PORTABLE PRODUCT - A product that is easily carried or moved from one place to an other in  
normal use. 

2.21 REMOTELY CONTROLLED PRODUCT - A  product that is out of s ight of the operator who is at the 
starting d evi ce. 

3 Components 

3.1 Ex cept as i ndicated in 3.2, a component of a product covered by this s t and ard shall comply wi th the 
req ui rement s  for that compon en t. See Appendix f', for a list of s tand ard s coveri ng compon ents gen erally 
u s ed in the products covered by this s tand ard. 

3.2 A component i s  not requ ired to comply with a sp ecifi c req uirement that: 

a) Involves a fea ture or characteri s t ic not required in the a pplication of the componen t in the 
product covered by this s tand ard, or 

b) Is superseded by a req ui rement in this s tandard. 

3.3 A compon ent shall be used in a ccordance wi th its ratin g establi shed for the intend ed conditi ons of 
use. 

3.4 Speci fi c compon en ts are recognized as being i ncomplete in construction features or res t ricted in  
performance capabili t ies. Such componen ts are intended fo r  use  only und er limited conditions, such as  
certain  temperatures not exceeding speci fied limi t s  a nd shall be  used on ly und er those s peci fic condi tion s  
for which they have been recognized. 

4 Units of Measurement 

4.1 Va lues s ta ted withou t pa rentheses a re the req ui rement. Va lu es i n  parentheses are explana tory or 
a pproxi mate information. 

5 References 

5.1 Any und ated reference to a cod e or s tand ard appearing i n  the requi remen t s  of this s tand ard shall be 
in terpreted as referring to the latest ed ition of that cod e or s tand ard. 
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6 Attachments 

6.1 Deleted 

7 Instructions Provided with the Product 

7.1 A copy of the ope rati ng, us e r- mai nte nance, and othe r  instru ctions i ntended lo accompany a produ ct 
as produced shall be u s ed as a gu ide in the ex ami nation and test of the produ ct. For this pu rpose, a final 
printed copy is not required. 

7.2 The instru ctions shall i nclu de such directions and information as deemed by the organization 
r e spons ible for the product to be necessar y  lo cover the ope ration, intended u s e, and mainte nance of the 
produ ct, and shall comply with the require ments for instruction manuals in Sections §§ - IQ. 

7.3 A tank-type compres sor that does not employ a pres sure vessel marked w ith the code "U" or "UM" of 
the American Soci ety of Mechanical E ngineers (ASME) shall comply with the req uirements in 66.7. 

CONSTRUCTION 

8 General 

8.1 A product shall employ materials found by investigation lo be acceptable for the intended application. 

8.2 An air compres s or cate goriz e d  as hou s e hold u s e  only in accordance with 2.12 shall not be rated  
more than 3 hp (2.25 kW output) or more than 150 ps i  ( 1034 kPa) and shall comply with 66.7. 

8.3 Deleted 

8.4 A nitrogen generator that is intended to remove oxygen from ai r within an enclosur e ,  such as a 
control pane l, a me ans shall be provi d ed  to pr e v e nt the creation of an enriched ox yge n  conce ntration 
w ithin the enclosure such as the u s e  of a venti lation fan or external discharge port. 

9 Enclosure 

9.1 A produ ct shall be formed and ass e mbled so lhal ii will hav e  the strength and rigidity neces sary l o  
res ist the abu s e s  t o  which ii i s  li kely lo be  su bj e cted, w ithout resu lling in a ri sk  o f  fire, el e ctric shock, or 
injury to persons du e to total or partial collapse w ith resulting reduction of spacings, loosening or 
displacement of parts, or other defects. 

9.2 Casi and she et- metal portions of an encl osure shall not be thinner than the appli cable valu es 
specified i n  Table 9.1 . 

Exception No. 1: An enclosure investigated and judged acceptable with respect to the factors mentioned 
in 9.3 and any additional requirements applicable to the product under investigation. 

Exception No. 2: For blower-type inf/a/ors, a small area or surface that is curved or otherwise reinforced to 
provide equivalent mechanical strength is not required to comply with the specifications in the first column 
of thicknesses in Table 9. 1. 

9.3 Among the factors that shall be consi de r ed  when ju dgi ng the acceptability of a nonmetallic enclosure 
or an enclosure of magnesium are: 

a) M echani cal strength, 
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APRIL 16, 2025 UL 1450 11 

b) Resi s tance to im pact, 

c) Mois ture-absorptiv e properti e s, 

d) F lamm abili ty, and 

e) Res is tance  t o  d is tortion at t emperatur e s  t o  whi ch the  m at e ri al m ay b e  subj e ct ed und e r  
cond it ion s of n orm al or abn orm al u s age. 

9.4 An enclosure of polym e ri c  m at e ri al shall comply with the  applicable req uirem ents for products t hat 
are not cate goriz ed as hou s e hold u s e  only as contai n ed in the  Stand ard for Polym e ric Mat e rials - Use  in 
Elect rical Eq uipm e n t  Evalu ations, UL 7 46C. 

Exception No. 1: An attended, intermittent duty pottable product can be evaluated for compliance with the 
household use requirem ents of UL 746C if it is mark ed in accordanc e with 64.4.1, 64.4.2, and 66.6. A 
tank-type compressor with an automatic pressure-regulating control is not considered to be an attended, 
intermittent duty product. 

Exception No. 2: A blower-type inflator intended for indoor. residential use only, may be evaluated for 
complianc e with th e household use requirem ents of UL 746C wh en th e product is marked in accordanc e  
with 64.4.1 and 64.4.2, and the instruction manual complies with 66.6. 

9.4.1 Enclosures  of com pon ents in a Class 2, L imi t ed Power Source {LPS), or Low Voltage Limited 
Ene rgy {LVLE) ci rcuit s hall hav e a flamm abili ty rating of HB minimum. 

9.5 An enclosu re  of polym e ric  m at erial s hall be subj e ct ed to the Res istance to  Impact Te s t  d e s cri bed in 
t he Standard for Polymeric Materials - Use in E lectrical Equipment Evaluati on s, UL 746C before and after 
cold conditioning at m inus 35°C ±2°C {minus 31 °F ±3.6°F) for 3 hours. For products m arked in accord an c e  
wi th  65.13, the  Ultraviolet L ight Exposure requirem ents are n ot applicable and the  cold conditioning s hall 
be at 0°C ±2°C {32°F ±3.6°F) for 3 hours. Af t e r  e ach t e st. the en closu re shall com ply with 9.1. 

Exception: A product mark ed in accordanc e  with 65.14 is not required to b e  subjected to the cold 
conditioning. 

9.6 The enclosure  of a remot e ly or au tomati cally controlled prod uct s hall prev en t  m olten m e tal, burni ng 
insu lat ion, flaming particles, or  t he lik e from falling on flammable m at erials, in cluding the  su rfac e u pon 
which the  product is supported. 

Table 9.1 
Thickness of enclosure metal 

Minimum thickness. In (mm) 

At a small fiat, unrolnforcod 
surface and at a surface of a At a surface to which a wiring 

shape or size to provide system is to be connected in At a relatively large 
Metal mechanical strength the field unreinforced flat surface 

Die--cast metal 3164 (1 .2) - 5164 (2.0) 

Cast malleable iron 1116 (1.6) - 3132 (2.4) 

Other cast metal 3132 (2.4) - 118 (3.2) 

Uncoated sheet steel 0.026 (0.66) 0.032 (0.81) 0.026 (0.66) 

Galvanized sheet steel 0.029 (0.74) 0.034 (0.86) 0.029 (0.74) 

Nonferrous sheet metal 0.036 (0.91) 0.045 (1.14) 0.036 (0.91) 
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12 UL 1450 APRIL 16, 2025 

9. 7 The requirement in 9.6 will necessitate that a switch, a relay, a solenoid, or the like be individually 
and completely enclosed, except for terminals, unless it can be shown that malfunction of the component 
would not result in a risk of fire, or there are no openings in the bottom of the product enclosure. It will also 
necessitate the use of a barrier of nonflammable material: 

a) Under a motor unless: 

1) The structural parts of the motor or of the product provide the equivalent of such a 
barrier; 

2) The protection provided with the motor is such that no burning insulation or molten 
material falls to the surface that supports the product when the motor is energized under 
each of the following fault conditions: 

i) Open main winding, 

ii) Open starting winding, 

iii) Starting switch short-circuited, and 

iv) Capacitor of permanent-split capacitor motor short circuited - the short-circuit is 
to be applied before the motor is energized, and the rotor is to be locked; 

3 )  The motor is provided with a thermal motor protector - a protective device that is 
sensitive to temperature and current - that will prevent the temperature of the motor 
windings from exceeding 125°C (257°F) under the maximum load under which the motor 
will run without causing the protector to cycle and from exceeding 150 °C (302°F) with the 
rotor of the motor locked; 

4) The motor complies with the requirements for impedance-protected motors in either the 
Standard for Overheating Protection for Motors, UL 2111, or the Standard for Impedance 
Protected Motors, UL 1004-2, and the temperature of the motor winding will not exceed 
150°C (302°F) during the first 72 h of operation with the rotor of the motor locked; or 

5) A vertically mounted motor is supplied with a metal screen on the end bell having a mesh 
with nominal openings not greater than 0.079 in (2 mm) between center lines and with wire 
diameters of not less than 0.018 in (0.45 mm) or if the motor complies with the Flammability 
Tests For The Bottom Of A Fire Enclosure in the Standard for Safety For Audio/video, 
Information And Communication Technology Equipment - Part 1: Safety Requirements, UL 
623 68 -1. 

b) Under wiring, unless the wire is marked VW-1. 

9.8 The barrier mentioned in 9.7 shall be horizontal, shall be located as indicated in Figure 9.1, and shall 
not have an area less than that described in that illustration. Openings for drainage, ventilation, and the 
like may be employed in the barrier, provided such openings would not permit molten metal, burning 
insulation, or the like to fall on flammable material. 
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APRIL 16, 2025 UL 1450 13 

Figure 9.1 

Location and extent of barrier 

SA0604- 1 

NOTES -
A - Region to be shielded by barrier. This will consist of the entire component if it is not 01hen0Jise shielded and will consist of the 
unshielded portion of a component Iha! is partially shielded by !he component enclosure or equivalent 
B - Projection of outline of component on horizontal plane. 
C - Inclined line that traces oul minimum area of barrier. The line is always 

1) tangent to the component. 

2) 5 degrees from the vertical, and 

3) oriented so I.hat lhe area traced out on a horizontal plane is maximum. 
D - Localion (hOfizontal) and minimum area for barrier. The area is that included inside lhe line of intersection traced out by the 
inclined line C and the horizontal plane of the barrier. 
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9.9 A paint spray e r  or compr e s sor sh all be constructed so th at th e accumulation of paint on any 
uninsulated liv e  part is unlik e ly wh e n  te sted a s  d escribed in Section fil!, Paint Entry Te st. 

Exception No. 1: A paint sprayer having a separate compressor or pump, a hose at least 6 ft (1.83 m) 
long, and a maximum paint capacity of 6 fluid ounces (186 mL) need not be tested. 

Exception No. 2: A compressor, including a tank-type compressor, that: 

a) Is provided with a hose at least 15 ft (9.57 m) long and is marked in accordance with 64. 1. 11 · or 

b) Either cannot be carried in one hand during use, or weighs 20 lb (9.07 kg) or more and is marked 
in accordance with 64. 1.10 need not be tested. 

9.10 In d ete rmining wheth e r a pa int spray er or com pr e s sor is capable of being carri ed in one hand as 
mentioned in Exception N o. 2 to 9.9, consid e rati on shall be giv e n  to such factors as th e w e ight of th e 
compress or, th e number and location of h and le s, and th e lik e. 

9.11 A door or a cov e r  of an e nclos ure th at prov id e s  access  to any ove rload-prote ctiv e d evice th at 
requires r es etting or renewal shall be hinged or oth erwis e attach ed in an eq uiva lent ma nne r. 

9.12 M eans shall be provided for h old ing th e d oor or cov e r  ov e r  a fusehold e r  in a closed position, and 
th e d oor or cov e r  shall be ti ght- fitting. 

1 0  Mechanical Assembly 

10.1 A product shall be as s e mbled so th at it will not be adv ers e ly affected by th e vibration of ope ration. 
Brush caps shall be tightly th r ead ed or oth erw is e  constructed to prev e nt loos e ning. 

10.2 A switch oth e r  th an a th rou gh - cord switch, a lamp hold e r, an attachment- plug receptacle, a motor­
attach ment plug, or s imilar component shall be mounted s e cur e ly and sh all be pr ev e nted f rom turning. 
S e e  1 0.4. 

Exception No. 1: A switch need not be prevented from turning if all four of the following conditions are met: 

a) The switch is of 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 during operation of the 
switch; 

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

c) The spacings are not reduced below the minimum required values if the switch rotates_: and 

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

Exception No. 2: A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or 
indicator light in which the lamp is sealed in a nonremovable jewel, need not be prevented from turning or 
shifting in position, if such motion may result in a reduction of spacings below the minimum acceptable 
values. 

10.3 Uninsulated liv e  parts sh all be s e cured to th e bas e or mounting surface s o  th at th ey will b e  
prev e nted from turning o r  sh ift ing i n  position, i f  such motion may r e sult i n  a red ucti on of s pacings be low 
the minimum required values. 

10.4 Th e me ans for preve nting th e turning or sh iftin g mentioned in 10.2 and 10.3 shall consist of more 
t_h an friction betw e e n surface s  - for example, a properly applied lock wash er, is acceptable as th e me�ns 
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APRIL 16, 2025 UL 1450 15 

for pr e venting a sm all stem -mounted switch or other devic e, havin g a singl e - hole m ountin g m e ans, from 
turning. 

11 Protection Against Corrosion 

11.1 Iron an d ste e l  p arts shall b e  protecte d  against corrosion by enam e ling, galvanizing, p lating, or other 
equival ent m e ans, i f  corrosion of such unprotecte d  p arts wou ld be lik e ly to r esu lt in a risk of fir e, e lectric 
shock, or injury to p ersons. 

Exception No. 1: Surfaces of sheet-steel and cast-iron parls within an enclosure may not be required to be 
protected against corrosion if the oxidation of the metal due to the exposure to air and moisture is not likely 
to be appreciable. The thickness of metal and temperature are also to be considered. 

Exception No. 2: Bearings, laminations, or minor parts of iron or steel, such as washers, screws, and the 
like. 

11.2 If deteriorati on of a liqui d  contain er provided  as a p art of a product would r esu lt in  a risk of fire or 
e lectric shock, the c ontain er shall b e  of a material that is r esistant to corros ion b y  the liquid inten ded to b e  
us e d  therein. 

12 Accessibi lity of Uninsu lated Live Parts and Film-Coated Wire 

12.1 To r e duc e the lik e lihood of unintention al c ontact that m ay involve a risk of e lectric shock from an 
un ins ulated  live p art or fi lm -coated wire, an op ening in an e nc losure shall comply with either ( a) or (b). 

a) For an op ening that has a minor or dim ension (s e e  12.5) less than 1 in (25.4 mm}, such a p art or 
wire shall n ot b e  contacte d  b y  the prob e  i llustrated in E!gur e 12.1. 

b) For an op ening that has a minor dim ension of 1 in or m or e ,  such a p art or wire shall b e  sp ac e d  
from the op ening as specifi e d  in Tab l e  12.1. 

Exception: A motor other than one used in either a hand-held product or a hand-supporled porlion of a 
product need not comply with these requirements if ii complies with the requirements in 12. 2. 
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Figure 12.1 

Articulate probe with web stop 
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APRIL 16, 2025 UL 1450 17 

12.2 With respect to a part or wire as men tion ed in 1lJ. in an integral encl osure of a motor as mention ed 
in the Exception to fil: 

a) An openin g that has a minor d imen s ion ( see 1 2.5) less t han 314 in (19.1 mm) is acceptable if: 

1) Film-coated wire cannot be con t ac ted by t he probe illustrated in Figure 12.3; 

2) In a directly accessible motor ( see 1 2.6), an uninsulated live part cannot be contacted by 
the probe illust rated in Figure 1 2.4; and 

3) In an ind irectly accessible motor ( s ee 12.6), an uninsulated live par t  cannot be contac ted 
by the probe illust rated in Figure 12.2. 

b) An opening that has a min or dimension of 3/4 in or more is acc eptabl e  if a part or wire is spaced 
from the opening as specified in Table 12.1. 

Table 12.1 
Minimum acceptable distance from an opening to a part that may involve a risk of electric shock 

Minor dimensiona of opening Minimum distance from opening to part 

in (mm)b in (mmt 
314' (19.1) 4-1/2 (114.0) 
1'  (25.4) 6-1/2 (165.0) 

1-1/4 (31.8) 7-1/2 (190.0) 
1-1/2 (38.1) 12-112 (318.0) 

1-7/8 (47.6) 15-112 (394.0) 

2-118 (54.0) 17-112 (444.0) 
30 (762.0) 

"' See 12.5. 

ti Between 3/4 in and 2-1/8 in, interpolation is to be used to determine a value between values specified in the table. 

c A dimension less than 1 in applies to a motor only. 

<1 More than 2-1/8 in. but not more than 6 in (152.0 mm), 
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18 UL 1450 

Figure 12.2 

Rigid probe 

------- ANY CONVEN IENT LENGTH 

3/4 INCH DIA. 
( 1 9 . 1 mm )  

1 /2 INCH DIA. 
( 1 2 . 7mm) 

tNCH(1 4 .3mm) 

4 I NCHES --.-i­

( 1 01 . 6mm) 
PA1 30A 

APRIL 16, 2025 
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PA1 40A 

U L  1450 

Figure 1 2 .3 

Probe for film-coated wire 

ANY CONVENIENT  LENGTH 

3/4" ( 1 9 . 1 mm)  D IA .  
1 /2"  ( 1 2 . 7m m )  D IA .  

� 4" ( 1 01 . 6mm)  

1 /4" (6 .4mm) RAD. _ _____,._ 
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Figure 12.4 

International Electrotechnical Commission (IEC) articulate accessibility probe with stop plate 

5±0.5 1 1  
f-- -- - 180 - -- -""" 

I �-
, 

10) A-A B-8 

-
�r g 

� • � 
� 

�
0 

C)liriCriccl 

''o, 

SA178-St. 

Detail X 
([�omph;,) 

Port 2 

Sid€' view 

�Clo()() C-C 

Chamlo!.'r 011 edges 

Port 1 

12.3 The probes mentioned in ill and 12.2 and illustrated in Figure 12.1 - Figure 12.4 shall be applied 
to any depth that the opening will permit, and shall be rotated or angled before, during, and after insertion 
through the opening to any position that is necessary to examine the enclosure. The probes illustrated in 
Figure 12.1 and Figure 12.4 shall be applied in any possible configuration; and if necessary, the 
configuration shall be changed after insertion through the opening. 

12.4 T he probes illustrated in Figure 12.1 - Figure 12.4 shall be used as measuring instruments to judge 
the accessibility provided by an opening, and not as instruments to judge the strength of a material; they 
shall be applied with the minimum force necessary to determine accessibility. 

12.5 With reference to the requirements in ill and 12.2, the minor dimension of an opening is the 
diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the 
opening. 

12.6 With reference to the requirements in 12.2, 

a) An indirectly accessible motor is a motor: 

1) That is accessible only by opening or removing a part of the outer enclosure, such as a 
guard or panel, that can be opened or removed without using a tool, or 

2) That is located at such a height or is otherwise guarded or enclosed so that it is unlikely 
to be contacted. 

b) A directly accessible motor is a motor: 

1) T hat can be c_ontacted wiJhout opening or r_emoving any part, or 
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APRIL 16, 2025 UL 1450 21 

2) That is located so as to be acces sibl e  to contact. 

12.7 During the exam ination of a product to d etermine whether it complies w ith the requirem ents in ill 
or 12.2, a p art of the enclosure that m ay be opened or removed by the user w ithout usin g  a tool (to attach 
an accessory, to m ake an operatin g adj ustm ent, or for other reasons) is to be opened or removed. 

13 Supply Connections 

13.1 Cord-connected products 

13.1.1 A prod uct intend ed to be connected to the pow er- supp ly circuit by means of a flexible cord s hall 
be provid ed with a flexible cord and an attachment p lu g  for connection to the supply circuit. 

13.1.2 The attachment plug of a p roduct intend ed to be conn ected to a n ominal 120 V circu it, and using 
d evices required to be connected to a specifi c supply conductor as specified in 13.4.17. 25.2. and 26.3 
s hall be a polarized type. The connection s to the attachment plug s hall be in accord an ce w ith F igure 13.1. 
The polarity id entification of the supply cord shall be in accord an ce w ith Table 13.1. See 67.6. 

13.1.3 The flexible cord shall have a voltage rating n ot less than the rated voltage of the product, and 
s hall have an am pacity that is n ot less than the current ratin g of the p roduct. 

13.1.4 Typ e  SJ, SJT, SJO, SJOO, SJTO, or SJ TOO flexible cord, or a type at least eq ually s erviceable 
for the application, shall be employed for the followin g products. 

a) A com pres sor (in clud in g an in fi ator) or p aint pump havin g a m otor rated 3 hp (2.2 kW output) or 
less. 

b) A v acuum pump. 

c) A hand- held spray er. 

d) A paint m ixer and p igm ent d ispen s er. 

Exception: A blower type inf/a/or intended for indoor, residential use only, may employ any of the cord 
types specified above or it may employ an SPT-2 type cord. 

13.1.5 A com pressor or paint pump havin g a m otor rated m ore than 3 hp (2.2 kW output), a tan k larger 
than 30 gal (113.4 L), or having any m arkin g  ind icatin g a rating of more than 3 hp, shall em ploy Type SO, 
SOO. ST, STO, or STOO flexible cord or a type at least eq ually serv iceable for the app lication. 

13.1.6 A cord or cord set emp loyed on a compressor or spray er intended for outd oor use and n ot m arked 
in accord an ce w ith 65.13 shall be m arked "W" or "W-A." 
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Figure 1 3.1 

Connections to attachment plugs 

CONNECTIONS OF CORD CONDUCTORS TO GROUNDING - TYPE 
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED) 

CONDUCTOR WI TH INSULATION HAVING A 
GREEN OR GREEN AND YELLOW STRIPED 
OUTER SURFACE o 

CONDUCTOR NOT INTENDED TO BE 
GROUNDED (UNIDENTIFIED CONDUCTOR} 

CONDUCTOR INTENDED TO BE GROUNDED 

(IDENTIFIED CONDUCTOR}
b 

CONNECTIONS OF CORD CONDUCTORS TO POLARIZED 
ATTACHMENT PLUG (FACE OF PLUG REPRESENTED) 

APRIL 16, 2025 

CONDUCTOR NOT INTENDED TO BE 
GROUNDED (UNIDENTIFIED CONDUCTOR} 

AB100 

CONDUCTOR INTENDED TO BE GROUNDED 

(IDENTIFIED CONDUCTOR}
b 

NOTES -
11 In the above illustration. !he blade to which the green conductor is connected may have a U•shape instead of a circular 
cross section. 
0 Signifies a conductor idenlified in accordance with Table 13.1 . 

- • ' I 
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Table 13.1 
Polarity identification of flexible cords 

Acceptable combinations 
Wire intended to be grounded� wire 

connected to the screw shells of 
Mothod of Identification lampholders All other wires3 

Solid white or gray - without tracer Solid color other than white or gray -
Color of braids on indiYidual without tracer 
conductors Color other than white or gray. with tracer Solid color other than while or gray -

in braid without tracer 
Solid white or gray'> Solid color other than white or gray 

Color of insulation on individual 
conductors Light bluet Solid color other than light blue. white. or 

gray 

Color of separators White or gray'' Color other than white or gray 
Tin or other white metal on all strands of No tin or o1her white metal on the strands 
Ihe conduct� of Ihe conductor 

Other Means 
A stripe, ridge, or grooYe on the exterior 
surface of the cord::1 

::i A wire finished to show a green color with or without one or more yellow stripes or tracers is lo be used only as an equipment• 
grounding conductor. See 20.2.1 and E)gute 13.1. 
ti Only for cords ha\'ing no braid on any indi\lldual conductor, 
c For jacketed cords. 
d Only for Type SPT•2 cord. 

13.1. 7 The flexible cord may be attached permanently to a product or may be in the form of a separate 
cord set with means for connection to the product. 

13. 1.8 An attached flexible cord provided with the product shall comply with one of the following, as 
applicable: 

a) Stationary equipment shall be provided with an attached flexible cord at least 6 ft (1.8 m) long 
including the attachment plug. 

b) Movable, hand-held, hand-guided, and hand-supported equipment shall be provided with an 
attached flexible cord at least 6 ft (1.8 m) long or 18 in (457 mm) long or less including the 
attachment plug. 

13.1.9 With reference to 13.1.8 , for all product types that are acceptable for use with an 18 in (457 mm) 
or less flexible cord, an acceptable extension cord shall be provided with the product. or shall be marked in 
accordance with 64.3.1, or the instructions shall contain statements for the selection of the correct 
extension cord type in accordance with 67 .3. 

13.1.10 If a product incorporates a disconnecting means, such as a cord connector in the supply cord 
between parts of the product, the arrangement shall be such that no live parts will be exposed under any 
normal conditions. 

13.1.11 A product intended for use with a detachable cord set and a product that employs three or more 
pin terminals intended for use with an attachment plug that covers all the pins shall have terminals spaced 
so they will not accommodate a two-pin flatiron or appliance plug or a two-pin cord-connector body. An  
acceptable plug or  connector shall be  one that cannot be  improperly connected to  the terminals. 

ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 1
45

0 2
02

5

https://ulnorm.com/api/?name=UL 1450 2025.pdf


24 UL 1450 APRIL 16, 2025 

13 .1 .12 A product that is required to use a polarized attachment plug as specified in 13.1.2, and that is 
provided with a separate or detachable cord-set as specified in 13 .1 .  7 and the Exception to 13 .1.8 shall 
also use an appliance connector of the polarized type. 

13.1.13 The attachment plug shall have an ampacity not less than the rated current of the product or the 
actual current measured during the Input Test, Section �- whichever is greater, and a voltage rating equal 
to the rated voltage of the product. If a product is adaptable for use on two or more different values of 
voltage by field alteration of internal connections, the attachment plug provided with the product shall be 
acceptable for the voltage for which the product is connected when shipped from the factory. 

13 .1.14 The power-supply cord of a product shall exit the enclosure in an area that is not in close 
proximity to a hot spot or moving part, such as a compressor head, blade, belt, or rotating part. 

13.2 Strain relief 

13.2.1 Strain relief shall be provided so that mechanical stress on a flexible cord, flexible conduit, or 
armored cable will not be transmitted to terminals, splices, or interior wiring. See Section �- Strain Relief 
Test. 

13.2.2 Means shall be provided to prevent a flexible cord from being pushed into a product through a 
cord-entry hole if such displacement may subject the cord to mechanical damage or exposure to a 
temperature higher than that for which the cord is acceptable, or may reduce a spacing, such as to a metal 
strain-relief clamp, below the minimum acceptable value, or damage to the internal connections or 
components. Compliance is to be checked by the Push-Back Strain Relief Test, Section �-

13. 2.3 If a knot in a flexible cord serves as strain relief, a surface that the knot may contact shall be free 
from projections, sharp edges, burrs, fins, and the like, that may cause abrasion of the insulation on the 
conductors. 

13.3 Bushings 

13.3.1 At a point where a flexible cord passes through an opening in a wall, barrier, or enclosure, there 
shall be a bushing or the equivalent that shall be substantial, reliably secured in place, and shall have a 
smooth, well-rounded surface against which the cord may bear. The bushing or equivalent may be of 
metal or may be an insulating bushing that complies with the requirements in 13 .3.2-13 .3 .9. 

13 .3 .2 A cord hole in wood, porcelain, phenolic composition, or other nonconducting material and having 
a smooth, rounded surface is considered to be equivalent to a bushing. 

13 .3 .3 Ceramic materials and some molded compositions are generally acceptable for insulating 
bushings. 

13 .3 .4 A separate bushing shall not be made of wood or of hot-molded shellac-and-tar compositions. 

13 .3.5 A vulcanized fiber bushing shall not be less than 3 /64 in (1.2 mm) thick and so formed and 
secured in place that it will not be adversely affected by conditions of ordinary moisture. 

13 .3 .6 A separate soft-rubber, neoprene or polyvinyl chloride bushing may be employed in the frame of a 
motor or in the enclosure of a capacitor attached to a motor provided that the bushing is: 

a) Not less than 3 164 in (1.2 mm) thick, and 

b) Located so that it will not be exposed to oil, grease, oily vapor, or other substances having a 
deleterious effect on the compound employed. 
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13.3. 7 A bushing of any of the materials specified in 13.3.6 may be employed at any point in a product if 
used in conjunction with a type of cord for which an insulating bushing is not required. If a bushing of one 
of these materials is used anywhere in the product, the edges of the hole in which the bushing is mounted 
are to be smooth and free from burrs, fins, and the like. 

13.3.8 At any point in a product, a bushing of the same material as, and molded integrally with, the 
supply cord is acceptable if the built-up section is not less than 1116 in (1.6 mm) thick at the point where 
the cord passes through the enclosure. 

13.3.9 An insulated metal grommet may be acceptable instead of an insulating bushing if the insulating 
material used is not less than 1132 in (0.8 mm) thick and completely fills the space between the grommet 
and the metal in which it is mounted. 

13.4 Permanently connected products 

13.4. 1 A permanently connected product shall have provision for connection to a wiring system. 

13.4.2 A terminal box or compartment in which power-supply connections to a permanently connected 
product are to be made shall be located so that the connections may be inspected after the product is 
installed as intended. 

13.4.3 A terminal compartment intended for connection of a supply raceway shall be attached to the 
product so as to be prevented from turning. 

13.4.4 If it is intended that supply connections be made directly to a motor, the terminal compartment on 
the motor shall comply with the requirements for terminal compartments in the Standard for Rotating 
Electrical Machines - General Requirements, UL 1004-1. 

13.4.5 A permanently connected product shall be provided with wiring terminals for the connection of 
conductors having an ampacity acceptable for the product; or the product shall be provided with leads for 
such connection. 

13.4.6 A field-wiring terminal is considered to be a terminal to which a wire may be connected in the field, 
unless the wire; and a means of making the connection - a pressure terminal connector, soldering lug, 
soldered loop, crimped eyelet, or the like - factory-assembled to the wire, are provided as a part of the 
product. 

13.4. 7 Wiring terminals for the supply conductors - excluding the grounding conductor - shall be 
provided with a pressure wire connector securely fastened in place - for example, firmly bolted or held by 
a screw. 

Exception No. 1: A soldering lug may be used. 

Exception No. 2: A wire binding screw may be employed at a wiring terminal intended to accommodate a 
10 AWG (5.3 mm2) or smaller conductor if upturned lugs or the equivalent are provided to hold the wire in 
place. 

13.4.8 A wiring terminal shall be prevented from turning. 

13.4.9 The free length of a lead inside an outlet box or wiring compartment shall be 6 in (150 mm) or 
more if the lead is intended for field connection to an external circuit. 
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Exception: The 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. 

13.4. 1 0  A wire-binding screw at a wiring terminal shall not be smaller than No. 10. 

Exception No. 1: A No. 8 screw may be used at a terminal intended only for the connection of a 14 AWG 
/2. 1 mm') conductor. 

Exception No. 2: A No. 6 screw may be used for the connection of a 16 or 18 AWG /1.3 or 0.82 mm') 
conductor. See 13.4. 16. 

13.4.11 According to the National Electrical Code, ANSI/NFPA 7 0, 14 AWG (2.1 mm2) is the smallest 
conductor that may be used for branch-circuit wiring, and therefore is the smallest conductor that may be 
anticipated at a terminal for connection of a power-supply wire. 

13.4. 12  A wire-binding screw shall thread into metal. 

13.4.13 A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.050 in (1.27 
mm) thick and, except as indicated in 13.4.14, shall not have less than two full threads in the metal. 

13.4.14 Two full threads are not required if fewer threads result in a secure connection in which the 
threads will not strip upon the application of a 20 lbf-in (2.26 N·m) tightening torque. 

13.4. 15 A terminal plate formed from stock having the thickness specified in 13.4.13 may have the metal 
extruded at the tapped hole to provide two full threads for the binding screw. 

13.4.16 Upturned lugs or a cupped washer shall be capable of retaining a supply conductor of the size 
specified in 13.4.5 under the head of the screw or washer. 

13.4.17 A permanently connected product rated 125 V or less, or 125/250 V (3 -wire) or less, and 
employing a lampholder of the Edison-screw-shell type, or a single-pole switch or overcurrent-protective 
device other than an automatic control without a marked off position, shall have one terminal or lead 
identified for the connection of the grounded conductor of the supply circuit. T he terminal or lead to be 
connected to the grounded supply conductor shall be the one that is electrically connected to screw shells 
of lampholders and to which no switch or overcurrent-protective device of the single-pole type other than 
an automatic control without a marked off position is connected. 

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

14 Current-Carrying Parts 

14.1 A current-carrying part shall be of silver, copper, a copper alloy, or other similar metal. 

14.2 Ordinary iron or steel shall not be used as a current-carrying part. 

Exception: Ordinary iron or steel provided with a corrosion -resistant coating, may be used for a current­
carrying part: 

a) If acceptable in accordance with ;bl, or 

b} Within a motor or associated go�ernor. 
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14.3 The r e striction in 1 4.2 do e s  not a pply to stainl e s s  st e e l. 

15 Insu lating Material 

15.1 Materia l fo r mounting an un insu lated l ive part shall be porcela in, phenolic compos ition, or other 
equiva l ent mat er ia l. 

15.2 Ord inary vu lcanized fiber may be used for in sulat ing bushing s, wa shers, s eparators, and barriers, 
but not a s  the sole support for un insu lated live parts where shrinkag e,  current lea kag e, o r  warpag e may 
inlroduce a risk of fire o r  eleclric shock. 

15.3 A lhermoplastic mat eria l g en erally is not con s id e red a ccepta bl e for the sole support of uninsulat ed 
live parts, but may be employed if fo und to ha ve m e chan ica l strength a nd rigid ity, res istance to heat, 
r e s istance to flame  propagation, di e l ect ric voltag e withstand, and other properti e s  acceptable for the 
application. 

15.4 Sma ll mold ed pa rts, such as a brush ca p, shall be con structed to hav e  the nece ssa ry mechan ica l 
strength and rigid ity to withstand the stre s s e s  of actual s ervice. B rush caps shall be secured or locat ed so 
that they a re prot e ct ed from me chanical damag e that might r e s ult during us e. 

16 Gaskets and Seals 

16.1 Ga skets and seals relied upon lo reduce the risk of electric shock or inj ury to persons shall comply 
with the Standard for Ga skets and Sea ls, UL 157. 

Exception: Rubber or neoprene compounds relied upon for protection from rain are only required to 
comply with Accelerated Aging Test, Section !i§. 

17 Internal Wiring 

17 .1 Mechan ical protection 

17.1.1 W ir ing a nd connections b etwe en part s of a product shall be protected or e nclos ed. 

Exception: A length of flexible cord may be employed for external connections if flexibility is essential. 
Guarding or protection may be required to reduce the likelihood of damage or stress to the cord. See 
17. 1.2. 

17.1.2 In su lated wiring is con s id ered to be prot e cted as required in 1 7.1.1 if, when judg ed a s  though it 
wer e f ilm- coat ed wire, it would be accepta bl e  in accordance  with 13.1.3 - 13.1. 1 3. Int ernal wiring not so 
prot ect ed may be acceptable if it is s e cured within the en closure so that it is unlikely to be subj e ct ed to 
str e ss  or mechanica l  damag e. 

17.1.3 W ires wilhin an enclosure, a compartment, a ra ceway, or the lik e shall be rout ed or olherwi s e  
protect ed s o  that da mage t o  cond uctor in sulation cannot result from contact with any rough, sha rp, o r  
moving part. 

17.1.4 If wiring o r  flexible cord between parts ot a product is located so that it may be in prox imity to 
flamma ble  materia l  or may be subj e cted to mechan ica l damag e, it shall be en clo s ed in a rmor ed ca ble, 
r ig id metal conduit, electrica l meta llic tubing, or enclo s ed metal ra ceway, o r  shall be otherwis e equiva l e nt ly 
prot ected. 
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1 7  .1.5 A hole through which in sulated wires pass in a s h e et-m etal wall within the ov e rall enclosure shall 
be  provide d  with a sm ooth, roun ded bushing or shall hav e  sm ooth, rounded  surfaces upon which wire s  
m ay be ar, t o  prevent abrasion o f  the insulation. A flexible cord us e d  for extern al inte rconn ection as 
m ention e d  in 1 7.1.1 shall be provide d with strain rel i e f  and bushings in accordan ce with 13.2.2 - 1 3.3.9 
unl e s s  the con struction is such that the cord will be protected from str ess  or m otion. If Type  SP- 1 ,  SPT-1, 
SP-2, SPT-2, or othe r  cord lighter  than Type SV is em ploy e d, and if the wall or barrier is of m etal, and is 
such that the cord m ay be su bj e cted  to stre ss or m otion. an insulating bushing shall be provided. 

1 7.1.6 A flexible cord us e d  for exte rn al conn ecti on s  shall be as s e rviceable as the power- supply cord 
and shall be s o  l ocated as to r educe the like lihood of dam age or stre ss. 

1 7.1.7 In sulated wir e s  m ay be bun ched and pass e d  throu gh a single opening in a m etal wall within the 
enclosure of a product. 

17.2 Types of wire 

1 7.2.1 Internal wiring shall con sist of wir e s  of a type or typ e s  that are acceptable for the application, 
when consider ed  with r espect to the t empe rature an d v oltage to which the wirin g is like ly to be subj e ct e d  
and with r espect t o  its exposure t o  oil, grease, o r  othe r  con dition s o f  s er vice t o  which it i s  likely t o  be  
su bj e cted. 

1 7.2.2 Therm oplastic-in sulated wire employ e d  for inte rnal wiring shall be stan dard building wire or 
appliance - wiring m aterial acceptable for the purpos e. 

1 7.3 Splices and co nnectio ns 

17 .3.1 Each splice an d conne cti on shall be m e chanically s e cure and shall prov ide r e liable e l e ctrical 
contact. A soldered  conn e ction shall be m e chanically s e cured be fore be ing solde r ed  if bre aking or 
loos ening of the conne ction m ay res ult in a risk of fire or e l ectric shock. 

1 7.3.2 The requirem ent in 1 7.3.1 will n e cess itat e the us e of a lock washer  or oth e r  eq uival e nt m ean s to 
pre v e nt a wire- bin ding screw or a n ut from becomin g l oos e n e d. 

1 7.3.3 A splice shall be provided  with insulation eq uivalent to that of the wires involved if perman ence  of 
spacin g betwe en the splice an d othe r  m etal parts m ay not be m aintain e d. 

1 7.3.4 Alum inum con ductors, in sulated or un insulated, us e d  as inte rn al wiring, such as for int ernal 
con n e ction betw e e n  current- carrying parts or as motor win dings, shall be t e rminated  by a m ethod 
acceptable for the com bin ation of m etals involved  at th e point of conn e ction. 

17.3.5 With reference to the requirements in 1 7.3.4, a wire-binding screw or a pressure wire connector 
us e d  as a term in ating device shall be acceptable for us e with alum inum u n d e r  the  condition s involved - for 
example, tempe rature, h e at cycling, vibration, and the like. 

17 .3.6 In sulation consisting of two l ay e rs of friction tape, two lay e rs of the rm oplastic tape, or of one lay e r  
of friction tape on top of on e lay e r  of rubbe r  tape, i s  acc e ptable on a splice if the volt age in volve d  i s  l e s s  
than 250 V. I n  determ ining if splice insu lation con s isting o f  coat ed- fabric, therm oplastic o r  othe r  type of 
tubin g is acceptable, con s ide rati on is to be giv e n  to s uch factors as it s die l e ctric properties, h e at- r e s istant 
and m oistu re-res istant characte ristics, and the like. Therm oplastic tape wrapped over a sharp edge is n ot 
acceptable. 

1 7  .3. 7 If stranded  int e rn al wire is conne cted to a wire- bin ding screw, loos e strands of wire shall be  
positiv e ly prevented from contact ing an u n in sulated  liv e part that i s  n ot always o f  the  s am e  polarity as  the 
�ire and from contacting a d e ad m etal p_art. This m ay be_ accomplished by u s e  of a pre ssure  t e rm_i�al 
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connector, s olderin g lug, or crimp ed eyelet, by solderi n g  all strands of the wire together, or by other 
equ ivalent me ans. 

17.3.8 A n omi na l 0.110- in, 0.125 - in ,  0.187- in, 0.205- in, or 0.250-i n wi de  quick- con n e ct t erminal shall 
comply with the require ments for quick- con n e ct terminals, UL 310. Other s izes shall be investigated with 
respect to crimp pullout, enga gement-dis enga gement forces of the con nector and tab, and temp e ra ture 
ri s e s, a ll t e s t s  to be conduct e d  in a ccordance  with the  requi re m e n t s  for quick-connect t e rmina ls, UL 310. 

18  Separation of Circuits 

18.1 Conductors of circuits op e rating at diff e r ent p ot e ntials shall be r e liably s eparat e d  from each othe r  
unless they are  ea ch provided wit h  insulation a cceptable for the  highest potential i nvolved. 

18.2 An insulated conductor shall be relia bly retai n e d  so that it cannot contact an unins ulated live part of 
a circuit op era t in g  at a diff e r ent pot entia l. 

18.3 In a compartment that is inten ded  for the fi eld installation of conductors, and  tha t  conta in s provi sion 
for con nection of Cla ss 2 or Cla s s  3 circuit conductors, a n d  Cla s s  1, power, or lighti n g  circuit con duct ors, 
as defined in the National Electrica l Code, ANSI/NFPA 70, a barrier shall be provided to separa te the 
conductors of the differ ent ci rcuits, or the a rrange ment of the compa rtmen t  shall be  such that a minimum 
spaci n g  of 1/4 in (6.4 mm) can be maintai n e d betw e e n  the conductors of the dif f erent ci rcuits includi ng  the  
conductors t o  be field insta lled. 

19 Capa citors 

19.1 A capacitor provided  as a part of a capaci tor m otor and a capacitor c onnect e d  across the li ne, such 
a s  a capa citor for ra dio- interf e rence e limination or p ower- factor corre ction, shall be hous e d  within an  
enclosure or  container that will protect the p lates a ga inst mecha n ical damage a nd that will prevent the 
emission of fla me or molten materia l resulti ng  from ma lfunction or breakdown of the capacitor. The 
contai ner  shall be of me ta l  p roviding s t r ength a nd prot e ction n ot l e ss  than that of uncoa t e d  st e e l  having a 
thickness  of 0.020 in (0.51 mm). She e t metal having a thickn e s s  l e s s  than 0.026 in (0.66 mm) is not 
recommend ed. 

Exception: The individual container of a capacitor may be of sheet metal less than 0.020 in thick or may be 
of material other than metal if the capacitor is mounted in an enclosure that houses other parts of the 
product and provided that such housing is acceptable for the enclosure of live parts. 

19.2 If a capacitor tha t  is not a part of a capacitor motor or a capacitor- start motor i s  conn ect e d  in a 
p roduct that is inten d e d  to be automatically or remotely controll e d  so that ma lfuncti on or breakdown of the 
capacitor could result i n  a risk of fi re, e l ectric shock, or inj ury to  p e rsons, the rma l  or overcurren t  prot e ction 
shall be provided in the product to prevent such a con dition. 

19.3 A capacitor connect e d  from one side of the  line to the  e n closure of a p roduct shall have a 
capacitance ra tin g  of not more than 0.10 µF. See 46.1.1. 

19.4 If a p roduct employs a combination consisting of a rectifi er a nd an el ectrolyti c capa citor, no risk of 
fire, ele ctri c  s hock, or injury to p e rsons shall r e sult whe n  e ither the r ectifier or the capa citor is short­
circuited. 

19.5 Under both n orma l and abn orma l condit ions of use, a capacitor employing a liqui d di e lectric 
medium more f la mma ble than a s ka rel shall n ot exp e l  the diel ectric medium when tested in a ccorda n ce 
with the applica ble p e rforma n ce require ments in this s tanda rd. 
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19.6 If a product is constructed to be controlled by or operated in conjunction with a capacitor or a 
capacitor/transformer unit, such a capacitor or unit shall be supplied with the product. See 64.1.5. 

20 Grounding 

20.1 General 

20. 1.1 A product shall have provision for grounding. 

Exception No. 1: See 21.3 for double-insulated product. 

Exception No. 2: A hand-held or hand-supported battery-operated product that does not employ an 
integral charger, and is not intended to be recharged outdoors need not have provision for grounding. 

Exception No. 3: A blower-type inflator intended for indoor. residential use only, having a nonmetallic 
enclosure, need not comply with this requirement. 

20.1.2 If a grounding means is provided, it shall be in accordance with 20.1.3 and if the product is cord 
connected, it shall comply with the requirements in 20. 1.5. All exposed dead metal parts and all dead­
metal parts within the enclosure that are exposed to contact during any user servicing operation and are 
likely to become energized shall be reliably connected to the means for grounding. 

20.1.3 The following are acceptable means for grounding: 

a) In a product intended to be permanently connected to the power supply, the equipment 
grounding terminal or lead and the point at which the power-supply wiring system will be 
connected. 

b) In a cord-connected product, the equipment grounding conductor of the power-supply cord. 

20.1.4 The grounding conductor of a supply cord shall be secured to the enclosure of the product by 
means of a separate screw or other equivalent means, intended for that purpose only, 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. Servicing as mentioned in this paragraph includes repair of the 
product by a qualified serviceman. 

20.1.5 The grounding conductor and exposed dead metal parts that are likely to become energized of a 
cord-connected product shall be electrically conductively connected to the grounding member of an 
attachment plug. The grounding member shall be fixed. 

20. 1.6 A separable connection, such as that provided by an attachment plug and a mating connector or 
receptacle, shall be such that the equipment-grounding connection is made before connection to and 
broken after disconnection from the supply conductors. 

Exception: Interlocked plugs, receptacles, and connectors that are not energized when the equipment­
grounding connection is made or broken. 

20.1. 7 If a product is intended to be grounded and is provided with means for separate connection to 
more than one power supply, each such connection shall be provided with a means for grounding. 

20.1.8 The grounding terminal, intended solely for the connection of an equipment-grounding conductor, 
shall be capable of securing a conductor of the size necessary for the application. A connection device 
that depends on solder alone shall not be provided for connecting the equipment-grounding conductor. 
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20.1.9 A wire-binding screw or pressure wire connector intended for the connection of an equipment­
grounding conductor shall be located so that it is unlikely to be removed during servicing of the product. 

20.1.10 With reference to the requirement in 20.1.2, the following dead metal parts are not considered 
likely to become energized: 

a) A small metal part, such as an adhesive-attached foil marking, a screw, a handle, and the like. 
that is: 

1) On the exterior of the enclosure and separated from all electrical components by 
grounding metal, or 

2) Electrically isolated from all electrical components; 

b) A panel, cover, or other metal part that is isolated from all electrical components by a barrier of 
vulcanized fiber, varnished cloth, phenolic composition, or other moisture-resistant insulating 
material not less than 1/32 in (0.80 mm) thick and securely mounted in place; 

c) A panel, cover, or other metal part that does not enclose uninsulated live parts and is electrically 
isolated from other electrical components; and 

d) Cores and assembly screws of a relay, a solenoid, and the like. 

20.2 Grounding identification 

20.2.1 The surface of the insulation of a grounding conductor of a flexible cord shall be green with or 
without one or more yellow stripes. 

20.2.2 The surface of an insulated lead intended solely for the connection of an equipment-grounding 
conductor shall be green with or without one or more yellow stripes, and no other lead shall be so 
identified. 

20.2.3 A wire-binding screw intended for the field connection of an equipment-grounding conductor shall 
have a green-colored head that is hexagonal or slotted, or both or the unit shall be marked at the screw 
with the symbol @ (IEC 417 No. 5019). A pressure wire connector intended for field connection of an 
equipment-grounding conductor shall be plainly identified, such as by being marked "G," "GR." "Ground," 
the symbol @ (JEC 417 No. 5019), or by marking on the wiring diagram provided on the product. 

21 Double Insulation 

21. 1 A cord-connected product may be provided with a system of double insulation that complies with 
the applicable requirements in the Standard for Double Insulation Systems for Use in Electrical 
Equipment, UL 1097 , in lieu of a means for grounding. 

21.2 A double-insulated product shall comply with the requirements in the Standard for Double Insulation 
Systems for Use in Electrical Equipment, UL 1097, and with the applicable requirements in this standard. 

Exception: In measuring leakage current, thermal stabilization is to be obtained by operation under no load 
conditions. 

21.3 A product marked as being provided with double insulation shall not be provided with a means for 
grounding. See 64.1.13. 
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22 Lampholders 

22.1 A lampholder for a low-voltage lamp - for example, a 6-V lamp - shall not be tapped across a part 
of a winding of a motor if the motor is rated more than 230 V. 

22.2 The screw shell of an Edison-base lampholder in permanently connected product. or product 
equipped with a polarized attachment plug shall be connected to the terminal or lead that is intended to be 
connected to the grounded conductor of the power-supply circuit. 

23 Motors 

23.1 Construction 

23.1.1 A motor shall be acceptable for the application, and shall be capable of handling the maximum 
normal load of the product as described in 46.2.1 - 46.2.7 without creating a risk of fire, electric shock, or 
injury to persons. 

23.1.2 A motor winding shall resist the absorption of moisture. 

23.1.3 With reference to the requirement in 23.1.2, film-coated wire is not required to be additionally 
treated to prevent absorption of moisture, but fiber slot liners, cloth coil wrap, and similar moisture­
absorptive materials are to be provided with impregnation or otherwise treated to prevent moisture 
absorption. 

23.2 Overload protection 

23.2.1 A motor shall be provided with thermal protection as described in 23.2.2. 

Exception: A product that is hand-supported and/or attended while in us e is not required to be provided 
with motor protection. This includes a hand-supported and/or attended portable nontank fyp e compressor 
if it complies with Loaded Starting Test, Section '!1_. See also Exc eption No. 4 to 23.2.2. This exc eption 
does not apply to automatically controlled units. such as those that employ pressure switch es, or 
permanently conn ected products that are manually started and operate on continuous duty. 

23.2.2 A product as specified in 23.2.1 shall have motor-overload protection consisting of one of the 
following: 

a) Thermal protection complying with the applicable requirements in either the Standard for 
Overheating Protection for Motors, UL 2111 , or the Standard for Thermally Protected Motors, UL 
1004-3. 

Exception No. 1: For a product that includes a control as sp ecified in 23.2.3, the duration of the 
temperature test and the endurance test, both under locked-rotor conditions, is able to be less than 
that sp ecified, and in no case less than the period of op eration intended for the product. 

Exception No. 2: tn the event that the tim e required to operate a manually reset protective device 
through 10 c of op eration is longer than the time that the product is to be operated during intended 
use, the number of operations of th e device for the temp erature test under locked-rotor conditions 
shall be less than 10 c. In any case, the number of cycles shall not be less than 4 c. 

Exc eption No. 3: A motor intended to move air only, by means of an air-moving fan that is integrally 
attached, keyed, or oth erwise fixed to the motor. is required to have locked-rotor protection only. 
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Exception No. 4: A portable nontank type air compressor that complies with Exception No. 1 to 
23.2.1, but does not start under load when tested in accordance with Loaded Starting Test, Section 
'M, is required to have locked-rotor protection only. 

Exception No. 5: A linear style pump is required to have locked-rotor protection only. 

b) Impedance protection complying with the applicable requirements in either the Standard for 
Overheating Protection for Motors, UL 2111, or the Standard for Impedance Protected Motors, UL 
1004-2, when the motor is tested as used in the product under locked rotor conditions. 

c) Other protection that is shown by test to be equivalent to the protection specified in (a). 

23.2.3 The control mentioned in Exception No. 1 to 23.2.2(a) is a control that positively and reliably limits 
the length of time the product can be operated- for example, a timer. 

23.2.4 For a multispeed motor that employs a separate overload protective device to provide running 
heating protection, the requirement in 23.2.1 applies at all speeds at which the motor is intended to 
operate. 

23.2.5 If a requirement in this standard refers to the horsepower rating of a motor and the motor is not 
rated in horsepower, use is to be made of the appropriate table of the National Electrical Code, 
A NSIINFPA 70, that gives the relationships between horsepower and full-load currents for motors. For a 
universal motor, the table applying to a single-phase, alternating-current motor is to be used if the product 
is marked for use on alternating current only; otherwise the table applying to direct-current motors is to be 
used. 

23.2.6 The motor of a product with load characteristics likely to result in an overload or stalled condition 
that will not be evident to the user shall incorporate thermal or overload protection as specified in 23.2.2 to 
protect the motor against those conditions likely to occur. 

23.2.7 The functioning of a motor-protective device provided as part of a product, whether such device is 
required or not, shall not result in a risk of fire or injury to persons. 

23.2.8 Overload devices employed for running heating protection, other than those that are inherent in a 
motor, shall be located in at least one ungrounded conductor of a single-phase supply system and in each 
ungrounded conductor of a 3-phase supply system. 

23.2.9 Fuses employed for motor-running heating protection shall be located in each ungrounded 
conductor; and in the case of a 3-phase, 3-wire, alternating-current motor, they shall be located in each of 
the three phases. 

23.3 Brushes and brush holders 

23.3. 1 A brush cap shall be recessed, enclosed, or otherwise protected from mechanical damage that 
might occur during use of the product. 

23.3.2 A brush cap that is accessible to the user without the removal of a guard or enclosure shall be 
provided with a positive means that will prevent its disengagement from the brush-holder assembly. Screw 
threads only on the brush cap are not considered a positive means. 

23.3.3 A brush-holder assembly shall be constructed so that when a brush is worn out - no longer 
capable of performing its function - the brush, spring, and other parts of the assembly will be retained to 
the degree necessary to reduce the likelihood of: 

a) Accessible dead metal parts be9oming energized. and 
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b) Live parts becoming accessible. 

24 Overload• or Thermal-Protective Devices 

24.1 An overload- or thermal-protective device shall have a current and voltage rating not less than the 
load that it controls. 

24.2 A product employing subdivided circuits within that product feeding two or more power-consuming 
components (for example, motors, motor-control circuits, electric heating elements) that are connected in 
parallel with each other across any pair of main-supply terminals or leads, shall be provided with 
overcurrent protection for the conductors of each terminal circuit in accordance with the National Electrical 
Code, ANSI/NFPA 70. 

24.3 A protective device such as a fuse, the functioning of which requires renewal or replacement, shall 
be in a readily accessible location. A protective device shall be wholly inaccessible from outside the 
product without opening a door or cover. 

Exception: T/Je operating handle of a circuit breaker, the operating button of a manually operable motor 
protector, and similar parts may project outside the enclosure. 

24.4 A fuseholder shall be constructed and installed so that no uninsulated live part other than the screw 
shell or clips will be exposed to contact by persons removing or replacing fuses. The screw shell of a plug­
type fuseholder shall be connected toward the load. 

25 Receptacles 

25.1 A 1 5- or 20-A general-use attachment-plug receptacle in a product provided with a means for 
grounding - a permanently wired product or a cord-connected product with a grounding conductor in the 
cord - shall be of the grounding type. The grounding contact of the receptacle shall be electrically 
connected to dead metal that will be grounded when the product is in use. 

25.2 A general purpose receptacle rated for use on a nominal 120 V circuit shall be of a polarized type. 
The grounded supply conductor shall be connected to the terminal that is substantially white in color or 
otherwise marked to indicate that it is intended for connection to the grounded supply conductor. 

25.3 If a product includes one or more attachment-plug receptacles intended for general use, and if the 
overcurrent protection of the branch circuit to which the product will properly be connected exceeds that 
acceptable for the receptacle or receptacles, each receptacle circuit shall have overcurrent protection of 
the time-delay type rated not more than 20 A provided as a part of the product. 

25.4 A fuseholder provided in accordance with 25. 3 shall be of Type S construction or shall be of the 
Edison-base type with a factory-installed nonremovable Type S adapter. 

25.5 A portable product provided with a general purpose receptacle shall be marked in accordance with 
6 5.19 at the receptacle so that the combined ampacity of the product operated under maximum normal 
load and the equipment connected to the receptacle does not exceed the rating of the product. A general 
purpose receptacle on a portable product shall not increase the risk of fire, electric shock or other injury to 
the user. 

25.6 The face of a general-use receptacle shall: 

a) Be fiush with or project beyond a nonconductive surrounding surface, or 

b) Project at least 0.015 in (0.38 mm) beyond a conductive surrounding surface. 
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25.7 Grou nd-fau lt circu it protection shall be prov ided  for 1 20-V, sing le-phase, 15- and 20-A g en eral-use 
re ceptacl e s  that ar e p ar t  of a product in t e n ded t o  be used ou tdoors. 

26 Switches and Contro ls 

26.1 A swit ch or other control device shall hav e a current and vol tag e  rating n ot le s s  than that of the load 
that it cont rols. 

26.2 W ith reference to the requ irem ent in 26.1, the curren t rating of a switch that controls an inductive  
load other than a motor, such as  a tran sform er or an  e l e ctric- dis charg e- lamp ballast, shall not b e  l e s s  than 
twice the rat e d  full-load cu rr e nt of the tran sform er or ballast u n le s s  the switch has b e e n  inv e s tigat e d  and 
fou n d  accep table for the application. 

26.3 A line-conn ected, single-p ole s witch or an overcurrent ( overload) protective  device of the sing le­
pole typ e othe r  than an au tom ati c control withou t a m ark e d  off position shall be con n e ct e d  to  a t erminal or 
l e ad in t e n ded  for con n e ction to an ungrounded  con du ctor of th e  supply circuit. 

26.4 A s witch or other control shall be guarded or located so that it is n ot likely to be dam ag e d  during u s e  
of the produ ct. A through- cord switch shall not b e  emp loyed u n less: 

a) It can n ot contact the floor during u s e  of the produ ct, or 

b) It has been investigated for such abu s e  as m ay occur during u s e. 

26.5 A switch that controls a m edium - bas e l ampho lder of other than a pi lot or indicating light shall be 
acceptable for use with tu ng s t e n-fi lament  lamps. 

26.6 A m anu ally op erat e d  m otor - control switch shall be provi d ed  in a cord- con n e ct e d  produ ct that 
emp loys a motor rated m ore than 1/3 hp (250 W ou tput). 

27 Spa cings 

27 .1 All u ni n su lated liv e  p arts connected to circuits of diff eren t voltag e  ratings shall be sp aced from each 
other as t houg h  they were p art s of opp osite p olarity in accordance with the  requir emen ts in 27.3 and 27.4, 
and shal l  be judg e d on the  basis of th e  highest vol tag e involv e d. 

27.2 The sp acing between u n insulat e d  live p arts of opp osite polarity and between such p arts and dead 
m e tal that m ay be grounded  in s ervice is n ot sp ecified for p arts of l ow-voltag e circu its. 

27.3 The sp acing be twe e n  a fie ld-wiring t e rm inal an d an y other u n insul at e d  liv e or d e ad m e tal part not of 
the s am e  p olarity shall n ot be l e s s  than the applicabl e valu e  sp e cified in Tabl e 27 .1 . See 13.4.6 and 27. 7. 

27.4 Other  than at wiring t ermin als, the  sp acing betw e e n  u n insu lat e d  liv e p arts of opp osit e polari t y, and 
between an un i nsul ated live p art and a dead m et al p art that is exp osed to contact by persons or that may 
be grounded  shall not b e  l e s s  than the valu e  spe cifi e d  in Tabl e 27 .2 or as provided in Alt ernativ e  Sp acing s 
- Cle aran ces  an d Cre ep ag e  Distan ces,  Se ction 27 A. 

Exception: Spacings m ay be as specified in 27.10. 

27.5 If an u n insu lated live p art is n ot rig idly fixed in pos ition by means other than friction between 
surfaces, or if a m ovable dead metal part is in p roximity to an u ni n su lated live p art, the construction shall 
be such that the required m inimum sp acing will be main t ain e d. 
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Table 27 .1 
Spacings at field-wiring terminals 

Minimum spacings, in (mm) 

Potential 
involved, V 

Between wiring terminals, 
through air, or over surface 

Between terminals and other uninsulated metal parts not always of 
the same polarlty11 

250 or less 

More Ihan 250 

1/4 

112 I 
( 6.4) 

(12.7)' 

114 

112 

Ovor surface 

I 
(6.4) 

(12.7)' 
., Applies to the sum of Iha spacings inYOIYed where an isolated dead part is interposed. 

I 
I 

114 

318 

Through air 

I 
(6.4) 

(9.5) 

b A spacing of not less 1han 3/8 in, through air and oYer surface, is acceptable at wiring terminals in a wiring compar1ment or 
terminal box if the compartment or box is integral with a molar. 

27 .6 In a product incorporating two or more motors of different sizes, the spacings in the product are to 
be judged on the basis of the size of the largest motor in the product. See 27.8. 

27.7 The spacing requirements in 27.3 - 27.6 do not apply to the inherent spacings of a component of a 
product, such as a snap switch; such spacings are lo be judged on the basis of the requirements for the 
component. 

27.8 The spacings in a motor shall comply with the spacing requirements in the Standard for Rotating 
Electrical Machines - General Requirements, UL 1004-1. 

27 .9 Al terminal screws and studs to which connection may be made in the field by means of the wire 
connectors, eyelets, or the like, as described in 1 3.4.6 , spacings shall not be less than those specified in 
Table 27.2 when such connectors. eyelets, or the like are in such position that minimum spacings -
opposite polarity and to dead metal - exist. 

Table 27 .2 
Spacings at other than field-wiring terminals 

Diameter of motor used in product 

7 in (178 mm) or less3 More than 7 in {178 mm)a 

Potontial Over surface Through air Over surface Through air 
involved, 

in (mm) in (mm) in (mm) in (mm) 

0 - 125 3132 (2.41' 3132 (2.4)' 114 (6.4)' 118 (3.2)' 

126- 250 3132 (2.4) 3132 (2.4) 114 (6.4)' 114 (6.4)' 

251 - 600 1/2 (12.7)' 318 (9.5)' 112 (12.7)' 3/8 (9.5)' 
a This is the diameter, measured in the plane of the laminaIions, of the circle circumscribing the stator frame. excluding lugs, fins. 
boxes. and I.he like, used solely for motor mounting. cooling. assembly, or connection. 
b For a motor rated 113 hp (250 W output) or less, these spacings may not be less than 1/16 in (1.6 mm). 

c Film•coated wire is considered to be an uninsulated liYe part. However, a spacing of not less than 3/32 in (2.4 mm) over surface 
and through air between film-coated wire. rigidly supported and held in place on a coil. and a dead metal part is acceptable. 

27 .1 0 If an isolated dead metal part is interposed between or is in close proximity to: 

a) Live parts of opposite polarity. 

b} A live part and an exposed dead metal part, or 

c) A live part and a dead metal part that may be grounded, 
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the sp acing may n ot be le ss than 3/64 in (1.2 mm) between the isolate d dead metal p art and any one of 
the other parts previou s ly me nti oned, p rovi de d the total sp acing between the i s olate d de ad metal p art and 
the two other p arts i s  n ot le ss than the value speci fied i n  Table 27.2. 

27.11 An i n su lati n g  li ni n g  or barrier of vu lcan ized fiber or s imi lar materials e mp loyed where sp acing 
wou ld otherwi se be insufficient s hall n ot be le ss than 1/32 in (0.8 mm) thick, and s hall be so  loc ate d or of 
such material that it will not be adversely affecte d by arcin g, except that vu lcanized fiber n ot le s s  than 1/64 
in (0.4 mm) thick may be used i n  c onju nction with an ai r spacing of n ot le ss than 50 percent of the spacing 
required for air alone. 

Exception: Thinner insulating material may be used, if upon investigation, ii is found to be acceptable for 
the application. 

27.12 An insu lati n g  lining or barrier of polymeric material shall comply with the requ irements for 
insu lating materials as specified in the Stan dard for Polymeric M aterials - U se in E lectrical Equipment 
Evalu ati ons, UL 746C. 

27 A Alternative Spacings - Clearances and Cree page Distances 

27 A.1 As an alternative to the spacin g  require ments in Secti on n._, as app lic able, the spacing 
requirements in the Stan dard for Insu lation Coordin ation Inclu ding Cle arances and Creep age Di stances 
for E lectrical Equipment, UL 840, are to be used. The sp acin g  requi rements of UL 840 shall not be used 
for f ie ld wiring termi n als and sp aci n gs to a de ad metal enclosure. In determining the polluti on de gree and 
over voltage cate gory, the end-use app lic ati on is to be take n into accou nt and is capable of modifying those 
characteristics  gi ven in 27 A.2 and 27 A.3. 

27 A.2 The leve l of pollution for i n door use products, and for p ortable compressors or p aint sprayers not 
intended to be exposed to rain, shall be polluti on degree 2. For outdoor u se products, the leve l of pollution 
shall be p olluti on degree 3. Hermetically sealed or encapsulated enclosures, or coate d pri nte d wiring 
boards in comp li ance with the Printed Wiring Board Coatin g  Performance Te st of the Standard for 
Insu lati on Coordination Inclu di n g  Clearances and Creepage Di stance s for E lectrical Equipment, UL 840, 
s hall be pollution de gree 1. 

27A.3 The equipment s hall be rate d overvoltage c ategory II as defined in the Standard for Insulation 
Coordination Includi n g  Clearances and Creep age Distances for Electrica l Equipment. UL 840. 

27A.4 In orde r to apply Clearance B (contro lled overvoltage) c learances, control of overvoltage s hall be 
achieved by provi di n g  an overvoltage device as an integral p art of the p roduct. 

27 A.5 All pri nte d wi ri n g  boards are considered to have a mi nimum comp arative tracki ng i ndex of 100 
without further i nvesti gati on. 

278 Low Voltage Limited Energy Circuits 

278.1 A low voltage limite d energy (LVLE) circuit is defi ned as a circuit i nvolving a p otenti al of not more 
than 42.4 volts peak or 60 V de with the energy available to the circuit limite d: 

a) By a fu se or non adju stable manually re set circuit protecti ve device that is rate d or set at not 
more than the value specified in Table 278.1; or 

b) So that the current, me asured in ampere s, i s  n ot more than 8 for p otenti als up to 42.4 V pe ak, 
and 150N mo, for potenti als from 30 to 60 V de. 
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27B.2 With reference to the current specified in 27B.1(b), the maximum current is to be measured under 
any condition of loading, including short circuit. The measurement is made using a resistor that is 
continuously readjusted during a 1 -minute period to maintain maximum load current. This current shall not 
exceed the value indicated in 27B.1 (b ). 

Table 27B.1 
Rating for fuse or circuit protective devi c e  

Open-circuit potential, V 

0 - 21.2 (peak) 

21.3 - 42.4 (peak) 

OYer 30 to 60 de only 

Current rating, A 

3.2 

., V "<&I. is defined as the maximum potential ,  in volts, oblained under any condition of load or no load. 

PROTECTION AGAINST INJURY TO PERSONS 

28 General 

28.1 If the operation and maintenance of a product by the user involves the risk of injury to persons, 
protection shall be provided to reduce the risk. 

28.2 When judging a product with respect to the requirement in 28.1 , consideration shall be given to 
reasonably foreseeable misuse of the product. 

28.3 The adequacy of a guard, a release, an interlock, and the like, and whether such a device is 
required, are to be determined from an investigation of the complete product, its operating characteristics, 
and the likelihood of a risk of injury to persons resulting from a cause other than gross negligence. The 
investigation is to include consideration of the results of breakdown or malfunction of any one component; 
but not more than one component at a time, unless one event contributes to another. If the investigation 
shows the breakdown or malfunction of a particular component can result in a risk of injury to persons, that 
component is to be investigated for reliability. 

28.4 Specific constructions, tests, markings, guards, and the like are detailed for some common 
constructions. Specific features and products not covered herein are to be given appropriate 
consideration. See the requirements for marking in Section §§, Cautionary. 

29 Sharp Edges 

29.1 An enclosure, a frame, a guard, a handle, or the like shall not be sufficiently sharp to constitute a 
ri sk of injury to perso n s  in normal main tenance and u s e. 

30 Enclosures and Guards 

30.1 A moving part or high-pressure discharge opening that may cause risk of injury to persons shall be 
enclosed, guarded, located or otherwise arranged to reduce the likelihood of unintentional contact, and 
such a part shall not be contacted by the probe illustrated in Figure 1 2.1. 

Exception No. 1: An opening in the integral enclosure of a motor that is not used in either a hand-held 
product or a hand-supported portion of a product is acceptable if a moving part cannot be contacted by the 
probe illustrated in Figure 12. 2. 
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Exception No. 2: A part or portion of a part that is necessarily exposed to perform the work function need 
not be enclosed but. when necessary, guarding shall be provided. See 30.3. 

30.2 A moving part that may involve a risk of injury to persons shall be considered with respect to: 

a) The degree of exposure necessary to perform the intended function; 

b) The sharpness of the moving part; 

c) The likelihood of unintentional contact therewith; 

d) The speed of the moving part; and 

e) The likelihood that a part of the body would be endangered. or that clothing would be entangled, 
by the moving part. 

These factors are to be considered with respect to both intended operation of the product and reasonably 
foreseeable misuse. 

30.3 Some guards are required to be of the self-restoring type. Other features of guards that are to be 
considered include: 

a) Removability without the use of tools; 

b) Removability for servicing; 

c) Strength and rigidity; 

d) Completeness; 

e) Creation of additional risk of injury to persons such as pinch points, and the necessity for 
additional handling because of the increased need for servicing, such as for cleaning, unjamming, 
and the like; and 

f) Usage - household or commercial. 

30.4 An enclosure or guard over a rotating part shall retain a part that. because of breakage or other 
reasons, may become loose or may separate from a rotating part, and retain a foreign object that may be 
struck and propelled by the rotating part. 

30.5 If complete guarding of a moving part that would obviously cause injury to persons would defeat the 
utility of a product: 

a) A control shall be provided; and 

b) A marking shall be provided in accordance with 65.11. 

30.6 During the examination of a product to determine whether it complies with the requirements in 30.1, 
a part of the enclosure that may be removed without the use of a tool (to attach an accessory, to make an 
operating adjustment, or for other reasons) is to be opened or removed. 

Exception: A part need not be opened or removed provided if is marked in accordance with 65.10. ULN
ORM.C
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31 Materials 

31.1 As a result of the tes ts  in 31.2, t here shall n ot be exp osed movin g  parts that result in a ri sk of injury 
to p e rsons. 

31.2 Guards molded of polymeric mat erial t hat are servin g as protection of movin g  p arts on ly an d n ot 
s e rving as enclosures of insulat e d  or unin sulat e d  live  p arts, s hall have a flammabili ty rating of HB 
mini mum. They shall be s ubject to  mold stress, i mp ac t  an d cold i mp ac t  at min us 35°C (minus 31 °F) as 
sp eci fi e d  in the Standard for Polymeric Materi als-Us e in Electrical Eq uipmen t  Evaluations, UL 746C. 

Exception No. 1: A product m arked in accordance with 65. 13 shall be subject fo fhe cold impact test at 
0°C (32°F) rather than at minus 35°G (minus 31 °F). 

Exception No. 2: A product m arked in accordance with 65. 14 is not required to be subject to the cold 
impact test. 

Exception No. 3: For blower-type inflators intended for indoor, residential use only, a guard covering the 
impeller or fan blades need only be subjected to an imp act of 1 .5 ft-lb (6.67 N). 

31.3 The mat e ri al of a p art - such as an enclosur e ,  a frame, a guard, or the  li ke - t he bre akage or 
deteri orati on of which mi ght result in a ri sk  of inj ury to persons s hall hav e suc h  p rop erties as to meet the 
demand of expec ted loading c onditions. 

31.4 The requi re men t in 31.3 app li e s  to  those portions of a p art adj acen t  to  a movin g  p art consider e d  to 
involv e a ri sk of inj ury to  p e rsons. 

32 Surface Temperatures 

32.1 During the temp e rature test described in Section �. Temp erature Test, the  temp erature of a 
surfac e  t hat may b e  contac t e d  by the  us e r  s hall not b e  more than t he maxi mum acc ep t ab l e  value specifi e d  
in Tabl e 32.1. 

Exception: The temperature of a compressor head and associated fittings and a motor frame m ay exceed 
the applicable limit specified in Table 32.1 if the product is m arked in accordance with 65.9. 

Table 32.1 
Surface temperature 

Composition of surface" 

Location Metallic Nonmctalllc 

A handle or knob that is grasped for lifting, carrying or holding so·c (122'F) 60'C (140'F) 

A handle or knob that is contacted but docs not involve lifting, 60'C (140'F) as·c (185'F) 
carrying, or holding and othor surfaces subject to contact in 
operation and user maintenance 

A surface subject to casual conlact 70"C (158"F) 95"C (203"F) 
11 A handle, knob, or the like made of a material other than metal. that is plated or clad with metal having a thickness of 0.005 in 
(0.13 mm) or less is judged as nonmetallic part. 

32.2 All values for t e mp e ratures specifi e d  in Tabl e  32.1 are b as e d  on a 25'C (77'F) ambi ent 
temp erature; however, tes ts  may b e  conducted at any ambi ent t e mperature wi thin the ran ge of 20 - 30°C 
(68 - 86°F). 
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33 Stability 

33.1 Overturning of a portable or free-s tanding product, no t s ecured in place, when it is tested as 
described in 33.2 and 33.3, shall not result in a risk o f  injury to persons. 

Exception: A product that is completely hand supported in use need not be tested. 

33.2 The pro duct i s  no t to be energized du ring the s tabi lity test. The tes t  i s  to be conducted un der 
condi tions mos t  li kely to cause the pro duct to o ver turn. The fo llowing conditions are to be such as to res ult 
in the least s tabili ty: 

a) The posi t ion of all doors, drawers, casters, and o ther movable or adj us table parts, including that 
of the supply cord rest ing on the sur face suppor t ing the pro duct; 

b) Connection of or o mission of any attach men t made available by or recommended by the 
manufactur er; 

c) Provision of or o mission of any normal load if the produ ct is in tended to con tain a liquid or other 
mechanical lo ad; an d 

d) Di rection in which the product is t ipped or the supporting su rface is inclin ed. See 33.3. 

33.3 In conducting the s t abili ty test. the pro duct is to be: 

a) Placed on a plane in clined at an ang le of 1 0  degrees fro m the horizontal; or 

b) Tipped through an ang le o f  10 degrees from an at rest po sition on a horizontal plane. 

34 Strength of Handles and Mounting Means 

34.1 A handle or mounting means used to completely suppor t or carry a product shall wi ths tan d  a force 
of four ti mes the weig ht of the pro duct wi thout damag e - to the handle or the moun ting means, i ts securing 
mean s, o r  that portion o f  the enclo sure to whi ch the handle or mounting mean s is attached. 

Exception No. 1: A product that weighs less than 10 lb (4.53 kg) and is completely hand-supported in 
intended use is not required to comply with this requirement. 

Exception No. 2: A handle provided on a unit with wheels with the only intended purpose of pushing or 
pulling the product, as speciried in the manufacturer's instructions, is not required to comply with this 
requirement. 

34.2 To determine whether a pro duct complies with the requirements in 34.1, the weight of the pro du ct 
plus a force o f  three times its weight is to be used. The load i s  to be applied to the pro duct and i t s  
mounting means, o r  when a handle is pres ent, applied o ver a 3 i n  (76.2 mm) wi dth a t  the cen ter o f  the 
handle wi thout clamping. The lo ad is to be s tarted at zero an d gradually increased so that the tes t valu e  
will be reached i n  5 to 1 0  s an d i s  to b e  main t ai ned for 1 min. I f  more than on e han dle i s  furn ished o n  a 
pro duct, an d the pro duct cannot be carri ed by on e handle, the force is to be dis tributed between the 
handl es. The dis tri bu tion of force i s  to be determined by measuring the percentag e  of the pro duct weight 
sustained by each handle wi th  the pro duct in the normal carrying posi t ion. If a pro du ct is fu rnished wi th 
more than on e handle an d can be carried by only on e han dle, each handle  i s  to sus tain the total force. ULN
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35 Rotating or Moving Members 

35.1 A rotating m em ber employed in a product provided with a series m otor shall be con s tructed so as to  
reduce th e likelihood of i t s  break age, or th e releas e or loosening of a par t  that could become a risk of inju ry 
t o  person s. 

35.2 To determine whether a product employing a s eries m otor compli es with the req uirement in 35.1, i t  
i s  to  b e  tested a s  described i n  35.3. A par t that can be com e a risk o f  inj ury to  person s  shall n ot work loose 
as a result of th e test. 

35.3 For the tes t  m en ti oned in 35.2, a product em ploying a series motor is to  be operated for 1 min at th e 
no- load speed resulting from application of 1.3 times rated voltage. 

Exception: Blower-type inflators for indoor, residential use only. need not comply with this requirement. 

35.4 A product with a user-rem ovable rotating part, s ecured by threaded hardware - such as a nut  -
shall be cons tructed so that th e direction of rotation tends to ligh t en th e nut that secures th e rotating part in 
place. 

35.5 Unl ess secured as described in 35.4, a rem ov abl e rotating par t  not in tended to be removed by th e 
user, shall be s ecured by a keyed n ut, a j am nut, a nut locked in place with a pin, or oth er eq uivalent 
means. 

36 Pressure Vessels and Parts Subject to Pressure 

36.1 Pressure vessel 

36.1.1 A pres sure vessel shall be cons t ructed in accordance with th e ASME Boi ler and Press ure Vessel 
Code, Section VIII, Rules for Con struction of Pressure Vessels, Division I, and shall be m arked with th e 
pres sure vessel symbol "U" or "UM" when th e following occurs: 

a) Th e pres sure vessel h as a capacity of m ore th an 30 gal (114 L); or 

b) Th e pres sure vessel is for use with a compressor h aving: 

1) A drive m otor rated m ore th an 3 h p  (2.2 kW output), or 

2) Any m arking indicatin g a rating of m ore than 3 h p  (2.2 kW ou tput). 

36.1.2 A pres sure vessel marked with th e symbol "U" or "UM" shall h ave a workin g  pres s ure not less 
th an th e relief-valve setting to  be provided in the fi nal assem bly. 

36.1.3 A pressure vessel shall com ply with the requirem ents in  36.1.4 - 36.1.9. 

Exception: A pressure vessel marked with the "U" symbol is only required to comply with 36.1.4 - 36.1.8. 

36.1.4 A pressure vessel shall be con s tructed of p late or strip s teel, s tainless s teel, or other ductile 
alloys. 

36.1.5 An opening providing access to  th e in terior of a pres s ure vessel shall h ave t apered threads 
con forming to the S t andard for Pipe Threads, ANSI/ASME B1 .20.1, dry - s eal threads conforming to the 
S t an dard for Pipe Threads, ANSI B1 .20.3, straight-th read O-ring boss type fi tti ngs conform ing to  the 
S oci ety of Autom otive Engineers 1998 H andbook Section J51 4j, or pi pe flan ges conforming to th e 
appropri ate Am eri can N ational S tan dard. 
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36.1.6 A pipe-threaded opening in a pressure vessel shall provide at least the minimum number of 
threads specified in Table 36.1. 

Table 36.1 
Pipe threads for connections 

Trado size of pipe connection, in 

114,318 112, 3/4 1, 1-114, 1-112 2 2-112, 3 

Minimum number of threads engaged 6 6 7 8 8 
by a filling connected to a tank port 

Minimum depth of threaded port in 0.34 (8.9) 0.43 (10.9) 0.61 (15.5) 0.70 (17.8) 1.0 (25.4) 
(mm) 

36.1.7 A saddle-type pressure vessel support or mount provided on the top of a cylindrical horizontal or 
vertical-style pressure vessel for mounting a compressor, motor, or other part shall be welded to the 
pressure vessel. 

36.1.8 When the unit is in its normal operating position, a drain hole shall be provided in the lowest 
portion of a pressure vessel. The hole shall be a threaded hole of not smaller than 114-in NPT and shall be 
provided with a removable plug or piping to a drain cock. T he system shall have provision for gravity or 
pressure drainage of the vessel. 

Exception No. 1: Pressure vessels which have a drain hole located at the maximum of 45° from the lowest 
point of the vessel, comply with the requirement when: 

a) The product is marked in accordance with 65. 15; 

b) The instruction manual informs the user of the way in which to drain the pressure vessel 
properly; and 

c) The product can be tilled so that the drain hole is at the lowest point for complete draining 
without introducing a risk of injury to persons. 

Exception No. 2: As an alternative, pressure vessels may be provided with a drain assembly system, 
(manual or automatic) operated through a valve and tubing assembly where the end of the tubing is 
maintained al the bottom of the vessel. An automatic drain assembly system shall also have the provision 
to manually drain the vessel. See 65.15.1, §§Ji., and 66.10. 

36.1.9 When required by 36.1.3, one sample of the pressure vessel assembly described in 57.1 shall 
comply with the Vibration Test, Section fil'.. A second sample consisting of only the pressure vessel shall 
comply with the Hydrostatic Strength Test, Section fill. 

36.2 Parts subject to pressure 

36.2.1 A part of a product other than a pressure vessel that is subject to air or vapor pressure during 
normal or anticipated abnormal operation shall withstand, without rupture, a pressure corresponding to 
five times: 

a) The start-to-discharge setting of the relief device provided in the system as determined in 
accordance with 37.7, 

b) The maximum pressure that can be developed in the system - but not greater than the relief 
valve setting, or 
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c) The marked max imum pressure to w hich the system may be exposed by an external pressure 
source. 

Exception No. 1: A section of a pressure system constructed of continuous copper or steel tubing or of 
lengths of copper or steel tubing connected by conventional tubing fittings or hard-soldered, brazed, or 
welded joints provided the wall thickness of the tubing is not Jess than the value specified in Table 36. 2. 

I Exception No. 2: Deleted 

Table 36.2 
Wal l  thickness for copper and steel tubing 

Minimum wall 
Outside diameter thickness Maximum pressure to which tubing Is subjected, pslg (mPa) 

;n (mm) ;n (mm) Seamless copper Butt�welded steel Seamless steel 
3/8or (9.5) 0.016 (0.41) 500 (3.45) 600 (4.14) 1000 (6.90) 

smaller 

112 (12.7) 0.016 (0.41) 400 (2.76) 480 (3.31) 800 (5.52) 

518 (15.9) 0.016 (0.41) 320 (2.21) 384 (2.65) 640 (4.42) 

518 (15.9) 0.021 (0.53) 420 (2.90) 504 (3.48) 840 (5.80) 

314 (19.0) 0.021 (0.53) 360 (2.48) 432 (2.98) 720 (4.97) 

314 (19.0) 0.025 (0.64) 420 (2.90) 504 (3.48) 840 (5.80) 

1 (25.4) 0.021 (0.53) 260 (1 .79) 312 (2.15) 520 (3.59) 

1 (25.4) 0.025 (0.64) 320 (2.21) 384 (2.65) 640 (4.42) 

36.2.2 In the even t t hat a test is req uired to determine whether a p ar t  complies wi th  the requ irement in 
36.2.1 , tw o s amp les of the p art are to be subj ected to the hydros tatic streng t h  tes t  described in H ydros t at ic 
Strength Tes t, Sec t ion �- P rior to t he test, p arts molded of polymeric material are to be conditioned in an 
air-circulating oven for 7 h at a temperature of ?O'C (1 58'F) or 10'C (18'F) hig her t han the maximu m  
temp erature measured o n  t h e  p art under n ormal lo ad, w hichever i s  g reater. The s ampl es are to  be 
removed from the oven and cool ed to room temp erature prior to the test. 

36.2.3 A pipe fitt ing, c heck valve, relief valve, or a si milar device that is t hreaded into a pressure vessel 
shall eng ag e t he minimum number of t hreads spec ified in Table 36.1 . 

37 Pressure Relief Means 

37.1 A means for relieving p ress ure s hall be provided for a part in which press ure might be generated by 
an ex ternal source of heat. 

37.2 A means for reli eving pressure - a pressu re relief device, a fu s ible p lug, a soldered j oint. 
nonmetallic tubing, or other eq ui valent means - s hall be emp loyed to comp ly with t he req uirement in 37 .1. 

Exception: Deleted 

37.3 A pressure-relief device is cons idered to be a pres sure-ac tuated valve or rupture member designed 
to relieve excess ive pressures automat ic ally. 

37.4 There s hall be no s hutoff valve between t he press ure-reli ef means and the parts t hat it is intended 
to protect. 
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37.5 A vessel havi ng an insid e d iameter of more th an 3 in (76 mm) and subj ect to air or s team pressure 
g en erated or s t ored within the product shall be protected by a pressure-relief d evice. 

37.6 The star t - t o-d isch arge pressure set t ing of a pres sure-relief d evice shall not be higher than th e 
working pres sure marked on the ASME coded vessel. 

37.7 To determine th e s tar t- to-d isch arge pressure set t ing of a pressure-relief device, each of three 
s amples of the d evice is to be su bj ected three t imes to a gradually increas ing air pressure. The pressure at 
which the d evice beg ins to open is to be record ed. The start- to-di scharg e pressure set t ing of each sample 
is con s idered to be the averag e val ue of the three trials. Th e star t - to-discharg e value mention ed in 37.6 i s  
the h ighest averag e valu e for the three s amples tested. 

37.8 A pressure-relief d evice sh all: 

a) Be connected as cl ose a s  possible to the pressure vessel or par t  of the product that it is in tend ed 
to protect; 

b) Be installed so that it is readily accessible for inspection and repair, and cannot be readi ly 
rendered inoperative so that it will n ot perform i ts intended function; 

c) H ave its disch arge opening located and directed so that: 

1) Operation of the d evice will not d eposit mois ture  on bare live parts or on in sulat ion or 
componen ts d etrimentally affected by m oisture, and 

2) The li kelih ood of scalding persons is reduced; and 

d) Have a discharg e rate ad eq uate to relieve the pres sure. 

37 .9 A pressure-relief d evi ce h aving an adjus ta ble s etting is j udged on the ba sis of th e maximum setting 
u n less the adju s ting means is reliably sea led at a l ower setting. 

38 Pressure-Regulating Control Switches 

38.1 A compressor system with an air -h olding t ank sh all be provided with: 

a) A pressure-regulating control switch tha t compli es with th e requirements in 38.2, to limit 
pressure build - up  within the tank; 

Exception: A switch need not be provided on a product that uses other means of limiting tank 
pressure, such a s  an air dumping valve or a compressor design that inherently limits pressure. 

b) A pressure g aug e or other equ iva len t d evice t o  indicate wh en pres sure is reta ined within the 
t ank. A product with a pressure ind icator that is n ot cali brated in pressure uni t s  shall be marked in 
a ccordance wi th 64.1.9. 

38.2 A pressure-regulating control swi tch d epended upon to limit th e pres sure in a vessel shall: 

a) Comply wi th the applicable requirements i n  UL 353, or the a pplicable requirements for 
refrig eration limiting d evices in UL 873, or the a ppli ca ble requiremen t s  for pressure and fl oa t 
operated devices in UL 508 or UL 873. Comp liance wi th UL 60730-1, and/or the applicable Part 2 
s tandard from the UL 60730 s eries complies wi th the UL 873 requirements. It shall also have a 
maximum pressure sett ing of not more th an 90 percent of th e rating of th e pres sure-relief d evice, or 

b) Prevent the pressure-relief d evice descri bed in 37.8 from operating during or after the test 
d escribed in 38.3. 
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38.3 A pre s sure-regulating control s witch s hal l pe rform under  rat e d  load for 30,000 c of ope ration with no 
shift in calibrati on gre at e r  than 5 pe rcent abov e initi al calibration pre s su re s ettin g. An adju stable pressure­
r e gu lating control s witch i s  to be teste d at its highest pre s sure s etting un l e ss  the adju sting m e an s  i s  
re li abl y s e al ed, to prevent t ampering, at a l ow e r  s ettin g. 

38.4 For a motor-ope rated  compre s s or int ended for u s e  with sprin kler  syste ms, a pressu r e - r egu lating 
control switch s hall perform under  rated  load for 100,000 cycle s  of operation with n o  s hift in cali brati on 
great e r  than 5 pe rcent abov e in iti al cali bration pre s su re s etting. An adju stable pre s sure-regu lati ng control 
switch i s  to be tested at its hi ghe st pre s sure s ettin g unless  the adjusting means is r e li ably s e aled, to 
prev e nt tampe rin g, at a lower s etting. 

39 Switches, Controls, and Interlocks 

39.1 A product shall be con stru cted so as to prevent u nexpected ope ration of any parts capable of 
causing injury to persons. 

39.2 If unintenti onal ope rati on of a switch can result in a risk of injury to pe rsons, the actu ator of the 
switch s hall be  located or gu arde d  so that such ope ration is un li k e ly. 

39.3 The actu ator of a switch may be gu arde d  by rec e s sing, ri bs, barri e rs, or the lik e. 

39.4 A device that automatically starts a produ ct. such as a pre ssure- regu latin g control switch. timer. an 
automati cally re s et ov erload- protectiv e device, or the like, s hal l n ot be e mploy e d  un l ess  it can be 
de monstrated  that automatic st artin g will not pres ent a ri sk  of injury to pe rsons. 

39.5 The requirem e nt in 39.4 will n ec essitate the use  of an int erl ock if moving parts or the li ke  cou ld 
result in a ri sk of injury to persons u pon the automatic starting or re starting of the motor. 

39.6 The actu ator of an inte rlock switch s hall be loc ate d  s o  that u ni ntentional operation i s  unlike ly. Se e 
39.3. 

39.7 Operation of an int e rlock du rin g  u s e  s hall n ot inconv eni ence the ope rator so as to e ncou rage 
delibe rate de f eat of the int e rlock. 

39.8 An i nterl ock s hall n ot be li k e ly to be def e at e d  by materi als that cou ld accu mulat e du rin g  u s e  of the 
produ ct. 

39.9 An interlock shall be such that it can be  def e at e d  re adi ly on ly by: 

a) D amaging the product, 

b) Making wiring con n e ction s or alterati on s, or 

c) Using materi als that are n ot re adily avai lable. 

39.10 If an inte rlock i s  actu ate d  by mov e ment of a guard, the arrange ment s hall be such that the gu ard i s  
i n  place when the inte rlock i s  i n  the position that p e rmits ope rati on of the parts being gu arde d. With the 
gu ard re mov ed, the interlock s hal l comply with the requi rement in 39.6. 

39.11 A product that i s  not hand- su pport e d  an d provi ded with a maintain e d  contact s witch or a s witch 
that can be lock e d  on s hall n ot cr e ate a risk of injury to persons, such as by exce ssiv e trav el ling, when the 
product is in an at rest position and connect e d  to the source of supply with the switch on. 
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39.12 For a produ ct that is n ot hand- support e d  during actu al u s e, the  r equ irem ent in 39.11 will 
n e cess itat e  a m ean s to  pr e vent the product from trave lin g m or e  t han 6 in ches (152 mm) in an y on e 
dir e ction in 15 s wh en th e p rodu ct is placed on a h ardwood surface while en e rgiz e d. 

Exception: Blower-type inflators need not comply with this requirement. 

PERFORMANCE 

40 General 

40.1 Tests ar e to b e  con du ct e d  with th e  p rodu ct conn ect e d  lo a supply circuit of rat e d  fr equ en cy. The 
voltage of th e supply circu it is to  be as in dicat e d  in Tab l e  40.1. For a produ ct rat e d  other than as sp e cifi e d  
in Tab le 40.1, the  voltage of the  supply circuit i s  to  b e  the  m aximum rat e d  voltage. 

Nameplate rating, V 

1 1 0 - 1 20 

200 - 208 

220 - 240 

254 - 277 

440- 480 

550 - 600 

Table 40.1 
Test voltages 

Test voltage 

120 

208 

240 

277 

480 

600 

40.2 A produ ct rat e d  50 - 60 Hz is to b e  t e st e d  at 60 Hz. A product rat e d  50160 Hz is to b e  t e st e d  at both  
50 an d 60 Hz. 

40.3 Deleted 

41 Leakage Current Test 

41.1 T he l eakage curr ent of a cord- conn ect e d  p roduct rat e d  250 V or l e ss, when t e st e d  in accordan ce 
with 41.3 - 41.9 sh al l  n ot be m or e  th an: 

a) 0.5 mA for an un groun ded  (2-wire) produ ct, 

b) 0.5 mA for a grounded (3-wir e) portab l e  produ ct, an d 

Exception: For portable equipment using 1 hp (0. 75 kW) and larger motors, the leakage limit shall 
be 0. 75 mA. 

c) 0.75 mA for a grounded (3 - wir e) stat ion ary or  fixed product. 

41.2 Leakage current r efers to all curr ents, in clu din g capacitively coupled cu rrents, that may b e  
con v e y e d  b e tw e en expos e d  conductive surface s  of a produ ct an d ground or othe r exp os e d  conductive 
surfaces of a produ ct. 

41.3 All exp os e d  con du ctive surface s ar e to  b e  t e st e d  for l eakage curr ents. If simultan e ou s ly acces sible, 
th e le akage currents from exp os e d  con ductive surface s  ar e to  be m e asur e d  to the  grounded supply 
con du ctor individually as w e ll as collective ly, an d from on e surface to  an other. A p art is con s ider e d  to  b e  
an expos e d  surface un l e s s  gu arded by  an en closu re  that complies wit h  the  r equirem ents in fil - 12.7. 
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Surfaces are considered to be simultaneously accessible when they can be readily contacted by one or 
both hands of a person at the same time. T hese measurements do not apply to terminals operating at 
voltages that do not present a risk of electric shock. 

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

41.5 The measurement circuit for leakage current is to be as illustrated in Figure 41. 1. The measurement 
instrument is defined in (a) - (c). 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. 

a} The meter is to have an input impedance of 1500 n resistive shunted by a capacitance of 0.15 
µF. 

b} 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. 

c) Over a frequency range of 0 - 100 kHz, the measurement circuitry is to have a frequency 
response - ratio of indicated to actual value of current - that is equal to the ratio of the impedance 
of a 1500 n resistor shunted by a 0.15 µF capacitor to 1500 n. At an indication of 0.5 or 0. 75 mA, 
the measurement is to have an error of not more than 5 percent at 60 Hz. 
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Leakage-current measurement circuits 
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Product intended for connection to o 3-�ire, grounded neulrol power supply. os illustrated above. 

T12ov 
PRODUCT 

�"" r-1 
240V

�

1 

�OJ'-<>----' 

G �R_O_U_N_D_E_D_S_U_P_PL_Y_C_O_N_D_U_C_TO
-

R
-------<

B 
�<------� 

Product intended for connection to o 3-wire, grounded neutral power supply, as rnustroled above. 

LC300J 

NOTES -
a )  Probe wilh shielded lead. 

b) Separated and used as clip when measuring currents from one part of product to another. 

49 

METER 

INSULATING 
TABLE 

METER 

INSULATING 
TABLE 
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41.6 The met e r  is to be conn ect ed to the access ible part and the  ground ed supply conductor unl e s s  the 
meter  is  b e ing used to m e asure l e akag e betw e e n  tw o parts of a prod uct. 

41.7 A sample product is lo be pr e par ed for l e akag e current measur e me nt as follows: 

a} The s ample is to  be r epr e s e nt ativ e of the  w iring methods, routing, components, compon ent 
location and in stallation, and the like, of a prod ucti on un it; 

b} The grounding conductor is to be open at t h e  att achment plug and the s ample is to be isolated 
from g round; 

c} The s ampl e is to be t e st ed in the as-r ece iv ed condition; 

d} The t e st is to be conduct ed at ambi ent t e mpe rature and hu mid ity; and 

e} The supply voltag e is to  be  adj usted to  rat ed voltag e. 

41.8 The t e st sample is to  be arranged so that all paralle l  g round paths - such as throug h fill and drain 
lines - are eliminated. 

41.9 The l e akag e current t e st s equ ence, w ith r e ference  to the measuring circuit. Figu re 41.1, is to be as 
follows: 

a} With switch S1 open, the product is to  be conn e ct ed to  the m e asuring circuit. L e akag e current is 
to  be me asured using both position s of switch S2, and w ith the product switching d evices  in all the ir 
n ormal operat ing positions. 

b} Swit ch S1 is then to be cl osed energizing the  prod uct, and w ithin 5 s, the leakag e current is to be 
me asured us ing both pos ition s  of switch S2, and w ith the  produ ct switching d evices in  all th e ir 
n ormal operating positions. 

c} The l e akag e curr enl is to be monitored until thermal st abilizat ion. B ot h  posit ion s of switch S2 ar e 
to be us ed in d et e rmining this measur e ment. Thermal stabi lizat ion is to be obtain ed by ope ration as 
in the t e mperatur e t e st. 

42 Leakage Current Test Following Humidity Conditioning 

42.1 A produ ct as d e s cribed in ill shall comply w ith the requir e me nts for l eakag e cu rr e nt, Section i! 
L e akag e Curr ent Test, following exposur e for 48 h to moist air having a r e lative humidity  of 88 ±2 percent 
at a t e mperature of 32.0 ±2.0'C (89.6 ±3.6"F}. The prod uct is to be t e st ed as fo llows: 

a} The product i s  to  be  at a t e mperatur e just above the t e st chamber t e mperatur e  when ii is placed 
in a humid ity chamber. 

b} The product i s  to r e main in the humidity chambe r  for 48 h. 

c} Following this exposure, while still in the t e st chamber, the s ample is to be t e st ed un en e rgized as 
indicat ed in 41.9( a}. 

d} The sample is then to be r e moved from the t e st chamber and t e st ed while en e rgized as 
indicat ed in 41.9( b} and ( c}. until the l e akag e curr e nt has stabiliz ed or d e cr eas ed. 

43 Starting Current Test 

43.1 A produ ct shall start and operat e  normally on a circuit prot e ct ed by an ord inary - n ot t ime-d elay -
fus e having a curre nt rating corr e spond ing to t hat of the bran ch circuit to which the  prod uct s hould be  
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connected. T he performance is unacceptable if the fuse opens or an overload protector provided as part of 
the product trips. 

Exception: A time-delay fuse may be employed if the product is marked in accordance with 64. 1.8. 

43.2 In a test to determine whether a product complies with the requirement in 43.1. the product is to be 
started three times. The product is to be at room temperature at the beginning of the test. Each start of the 
motor is to be made under conditions representing the beginning of normal operation - the beginning of 
the normal operating cycle, in the case of an automatic product - and the motor is to be allowed to come to 
rest between successive starts. The air outlet of a nontank type product is to be blocked. A tank type 
product is to be filled with air to the cut-in pressure of the pressure regulating control. 

44 Loaded Starting Test 

44.1 A portable nontank type air compressor as described in Exception No. 1 to 23.2. 1  and that is not 
provided with motor protection in accordance with 23.2.2 shall start and operate as intended when started 
under loaded conditions as described in 44.2. 

44.2 The product is to be operated with the outlet blocked and then de-energized when the maximum 
amount of air pressure is attained in the compressor assembly. Following this operation, the product is to 
be reenergized. 

45 Input Test 

45.1 The input measured for a product shall not exceed either of the following conditions when the 
product is operated under the condition of maximum normal load as described in 46.2.1 - 46.2.6 and when 
connected to a supply as specified in 40.1: 

a) 1 1 0  percent of the marked rated value: and 

b) The branch circuit rating for permanently connected products or the attachment plug rating for 
cord connected products. 

Exception: If the product is rated in wattage in accordance with 63.2. then it is only required to comply with 
part (a) of this requirement. 

46 Temperature Test 

46.1 Genera l 

46.1.1 A product, when tested under the conditions of maximum normal load as described in 46.2.1 -
46.2.7. shall not reach a temperature high enough to cause a risk of a fire, to damage any materials used, 
or exceed the temperature rises specified in Table 46.1. See Section ;g, Surface Temperature. 

46.1.2 A thermal- or overload-protective device shall not open the circuit during the temperature test. 

46.1.3 All values of temperature rise in Table 46. 1  are based on an assumed ambient temperature of 
25'C (77"F). Tests may be conducted at any ambient temperature within the range of 1 0 - 40'C (50 -
104'F). ULN
ORM.C
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Table 46.1 
Temperature rises 

Material and components 

A. MOTORS 

1 .  Class 105(A) insulation systems on coil windings of a n  a-c motor haYing a frame diameter 
of 7 in (178 mm) or less. not including a universal motor and a vibrator coit",b 

(a) In an open motor and on a vibrator coil: 

thermocouple or resistance method 

(b) In a totally enclosed molar: 

thermocouple or resistance method 

2. Class 105(A) insulation systems on coil windings or an a-c motor ha1o1ing a frame diameter 
of more lhan 7 in (178 mm), of a d-c motor and of a universal motor-1·b 

(a) In an open motor: 

Thermocouple method 

Resisiance method 

(b) In a totally enclosed motor: 

Thermocouple method 

Resistance method 

3. Class 130(8) insulation systems on coil windings of an a-c motor ha11lng a frame diameter 
of 7 in (178 mm) or less. not including a universal moto�1> 

(a) In an open motor: 

Thermocouple or resistance method 

(b) In a totally enclosed molor: 

Thermocouple or resistance me1hod 

4.  Class 130(6) insulation systems on coil windings of an a-c motor ha,..ing a frame diameter 
of more than 7 In (178 mm). of a d-<: motor. and of a universal motor'·b 

(a) In an open motor: 

Thermocouple method 

Resistance method 

(b) In a totally enclosed motor: 

Thermocouple method 

Resislance method 

5. Class 155(F) insulation systems on coil windings of an a•c motor having a frame diameter 
of 7 In (178 mm) or less (not including a universal motor) and on vibrator coils. 

(a) In an open motor andfor vibrator coils (thermocouple or resistance method) 

(b) In a totally enclosed motor (thermocouple or resistance mc1hod) 

6. Class 155(F) insulation sys1ems on coil windings of an a•c motor having a frame diameter 
of more than 7 in (178 mm) and of a d-c motor and a uni1Jersal motor. 

(a) In an open motor. 

Thermocouple method 

Resistance method 

(b) In a totally enclosed motor, 

Thermocouple method 

Resistance method 

Table 46.1 Continued on Next Page 

APRIL 16, 2025 

"C "F 

75 135 

80 144 

65 117  

75 135 

70 126 

80 144 

95 171 

100 180 

85 153 

95 171 

90 162 

10-0 180 

120 216 

125 225 

110 198 

120 216 

115 207 

125 225 
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Table 46.1 Continued 

Material and components 

7. Clas.s 180 (H) insulation systems on coil windings of ac motors having a frame diameter of 
7 inches (178 mm) or less-not including a unrl/ersal motor. 

(a) In an open motor: 

Thermocouple meIhod or Resistance melhod 

(b) In a totally enclosed motor: 

Thermocouple meIhod or Resistance method 

8. Class 180 (H) insutalion systems on coil windings of ac de motors having a frame diamo-ter 
of more than 7 inches (178 mm) of a de molor, and a universal motor: 

(a) l n  an open motor: 

Thermocouple method 

Resistance melhod 

(b) In a totally enclosed motor: 

Thermocouple method 

Resistance method 

11. Class 220 (R) insulation systems on coil windings of ac motors having a frame diameIer of 
7 Inches (178 mm) or less-not including a universal motor: 

(a) In an open motor: 

Thermocouple melhod or Resistance melhod 

(b) In a totally enclosed motor: 

Thermocouple method or Resistance melhod 

12 Class 220 (R) insulalion systems on coil windings of ac motors having a frame diameter of 
more than 7 inches (178 mm). of a de motor. and a universal motor: 

(a) In an open motor: 

Thermocouple meIhod 

Resistance method 

(b) In a totally enclosed motor; 

Thermocouple melhod 

B. COMPONENTS 

1. Capacitors: 

(a) Electrolylicc 

(b) Other typesd 

2. Fuses0 

3. Relay, solenoid, and coils (except motor coil windings and transformers) with 

(a) Class 105(A} insulated systems 

Thermocouple melhod 

Resistance method 

(b) Class 130(8) insulation systems 

Thermocouple method 

4. Sealing Compound 

5. Transformers 

Table 46.1 Continued on Next Page 
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oc OF 

135 243 

140 252 

125 225 

135 243 

130 234 

140 252 

165 297 

170 306 

155 279 

165 297 

160 288 

40 72 

65 117 

65 117 

65 117 

85 153 

85 153 

40 104 
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Table 46.1 Continued 

Material and components 

(a) Class 155(F) insulation systems: 

Thermocouple method 

Resistance method 

(b) Class 180(H) insulation systems: 

Thermocouple method 

Resistance method 

APRIL 16, 2025 

oc Of 

110 198 

115 207 

125 225 

135 243 

C. CONDUCTORS 

1 .  Rubber- or thermoplastic insulated wires and cordse,t 

D. ELECTRICAL INSULATION - GENERAL 

1. Fiber employed as electrical insulation 

2. Phenolic composition employed as electrical insulation or as a part the deterioration of 
which could result in a risk of fire or electric shock• 

(a) Laminated 

(b) Mol<led 

3. Varnished-cloth insulation 

E. SURFACES 

1 .  A surface upon which a product i s  placed or  mounte-d in service, and a surface that i s  
adjacent to the product vlhen i t  is so  placed or  mounte& 

2. Any point within a terminal box or wiring compartment of a permanently connected product 
in which power-supply conductors are lo be oonnected, including such conductors 
themselves. unless the product is marked in aCC01dance with 64.2.1 

3. Wood or other combustible material, including 1he inside surface of the test enclosure and 
the surface supporting the product 

35 63 

65 117 

100 180 

125 225 

60 108 

65 117 

35 63 

65 117 

"At a point on the surface of a coil whore the temperature is affected by an external source of heat the temperature rise measured 
by a thermocouple may be greater than the limit specified, if the temperature, as measured by lhe resistance method, is not 
greater than that specified. The temperature measured by means of a thermocouple is able lo be greater than 1he specified yalue 
by: 

1 .  s�c (9°F) for Class 105{A) insulation systems on coil windings of alternaling-current motors having a diameter of 7 in (178 
mm) or less, open type, 

2. 10°C (18°F) for Crass 130(8) insulation systems on coil windings of alternating-current motors having a diameter of 7 In or 
less. open type. 

3. 1s�c (27°F) for crass 105(A) insulation systems on coil windings of alternating-current motors having a diameter of more 
than 7 in, open type. 

4. 2o�c (36°F) for Class 130(8) insulation systems on coil windings of altemating-current motors haYing a diameter of more 
than 7 in, open type. 

b See note a to Table 27.2. 

c For an electrolytic capacitor that is physically integral with or attached to a motor. the maximum temperature rise on insulating 
material integral with the capacitor enclosure is not more than 65*C (117°F). 
" A  capacitor is to be judged on the basis of its marked temperature limit when it operates at a temperalUre rise of more lhan 65°C 
(117°F). 
ij A ruse that has been investigate<!, and found lo comply with requirements for use at a higher temperature is able to be used at 
that temperature. 
f A rubber-Insulated conductor within a motor. a rubber-insulated motor lead. an-d a rubber-insulated conductor of a flexible cord 
entering a molor is able to be subjected to a higher temperature when the conductor is provided wilh slee1Jing or a braid that has 
been invesligated and found to comply with requiremen1s for use at !he higher temperature. This does not apply to thermoplastic­
insulated wires or cords. 
!i See 46.1.14 and 46.1 . 15. 
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46.1.4 For the temperature test, the voltage of a direct-current supply circuit is to be 115 V or 230 V, and 
that of an alternating-current circuit is to be 120 V or 240 V. depending on whether the product has a 
nominal voltage rating of 115 V or 230 V. 

46.1.5 A product having a single frequency rating is to be tested at that frequency. A product rated ac/dc 
or dc-60 Hz is to be tested on direct current or 60-Hz alternating current, whichever results in higher 
temperatures. A product rated 50160 Hz alternating current is to be tested on either 50-Hz or 60-Hz 
alternating current, whichever results in higher temperatures. A product rated 25 - 60 Hz or 50 -60 Hz is 
to be tested on 60-Hz alternating current. 

46.1.6 If a product incorporates a reel for the power-supply cord, one-third of the length of the cord is to 
be unreeled for the temperature test. 

46.1. 7 For a product that is obviously not intended for continuous operation, the probable intermittent or 
short-time operation of the product is to be taken into consideration when conducting the temperature test. 
In addition, the requirements in 46.1.8 - 46.1.13 shall apply. 

46.1.8 An inOator default duty cycle rate is 15 min on, 5 min off. 

Exception: Commercial inflators employing a timer circuit fhat positively and reliably limits fhe length of 
time the product can operate shall be operated for the maximum preset duration of operation, followed by 
a period of 5 min "'off'. Following the "off' period, normal load is applied again. This mode of cycling shall 
be repeated five times. Temperatures shall be measured at the end of the 5th cycle of operation. 

46.1.9 For inflator products employing a timer, the "on· cycle can be adjusted based upon information 
provided by the manufacturer, see 46.1.11, but shall never be less than the maximum timer adjustment. 
The ·•off' period shall not exceed 5 min. 

46.1.1 O For inflater products employing a momentary contact switch, the "on" cycle can be adjusted 
based upon information provided by the manufacturer, see 46.1.11, but shall never be less than 3 min. The 
"off' period shall not exceed 5 min. 

46. 1.11 For inflater products, if a manufacturer specifies a duty cycle less than that described in 46. 1.8, 
46.1.9, or 46.1.10, documentation shall be provided listing the innatable products that the inflator is 
intended or recommended to be used with. This list shall include the inflatable products expected inflation 
time. This information shall be used to establish a realistic and appropriate duty cycle within the 
parameters described in 46.1.8 - 46.1.10. 

46.1.12 An inOator product intended for use with a duty cycle as outlined in 46.1.11, shall be marked with 
the duty cycle. See 65.20. 

46.1.13 An inflater product intended for use with a duty cycle as outlined in 46.1.11, shall indicate the 
duty cycle in the operating instructions. See 67.7. 

46.1.14 A small. cord-connected product of the hand-supported type shall not attain a temperature of 
more than 125•c (257 °F) on any exterior surface that may be laid on flammable material or against which 
nammable material may be laid, and there shall be no emission of smoke or molten material. 

46.1.15 To determine whether a product complies with the requirement in 46.1.8, the product is to be 
operated at the voltage and frequency specified in 46.1.4 and 46. 1.5 until constant temperatures are 
attained. The product may be stationary during the test, and simulation of actual service conditions need 
not be attempted. 
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46.1.1 6  A short length of rubber- or thermoplastic-insulated flexible cord exposed to a temperature of 
more than 60°C (140"F), such as at terminals, is acceptable if supplementary heat-resistant insulation of 
adequate dielectric strength is employed on the individual conductors of the cord to prevent deterioration 
of the conductor insulation. 

46.1.17 With reference to those tests that are to be continued until constant temperatures are attained, 
thermal equilibrium is considered to exist when three successive readings taken at intervals of 10 percent 
of the previously elapsed duration of the test. but not less than 5-min intervals, indicate no change. 

46.1.18 Coil winding temperatures are to be measured by thenmocouples or by using the change-of­
resistance method, whichever is appropriate. For a thermocouple measured temperature of a coil of an 
alternating-current motor having a diameter of 7 in (178 mm) or less and a universal motor - see items 1 
and 3 in Table 46.1 - the thermocouple is to be mounted on the integrally applied insulation on the 
conductor. For any other motor, the thenmocouple may be applied on the outer surface of a wrap that is not 
more than 1 132 in (0.8 mm) thick and consists of cotton, paper, rayon, or the like. 

46.1.19 Thermocouples are to consist of wires not larger than 24 AWG (0.21 mm2) and not smaller than 
30 AWG (0.05 mm2). Whenever referee temperature measurements by thermocouples are necessary, 
thermocouples consisting of 30 AWG iron and constantan wire and a potentiometer-type instrument are to 
be used. The thermocouple wire is to conform with the requirements specified 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. 

46.1.20 When using the resistance method, the windings are to be at room temperature at the start of 
the test, and the temperature rise of a winding is to be calculated using the formula: 

in which: 

Llt = the temperature rise in °C, 

R = the resistance of the coil in ohms at the end of the test. 

r = the resistance of the coil in ohms at the beginning of the test, 

t1 = the initial room temperature in "Cat the time resistance ·r· is being measured (which is also the 
initial coil temperature), 

t2 = the room temperature in °Cat the end of the test, and 

k = 234.5 for copper and 225.0 for electrical conductor grade (EC) aluminum; values of the 
constant for other conductors are to be determined. 

46.2 Maximum normal load 

46.2.1 Maximum normal load is considered to be the load that approximates as closely as possible the 
most severe conditions of normal use. It is not a deliberate overtoad except as the conditions of actual use 
are likely to be somewhat more severe than the maximum load conditions that are recommended by the 
manufacturer of the product. A product having features not contemplated in these test procedures may be 
tested as necessary to meet the intent of these requirements. 

46.2.2 The temperature tests on a nonpneumatic paint sprayer are to be conducted with the product 
spraying water, oil, or some other liquid representative of actual use. If the paint pump is separate from the 
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spray gun, the sprayer is to be operated continuou s ly, with the s pray gu n adju sted to resu lt in m aximum 
load, u ntil con stant temperatures are attain ed. A paint pum p  t hat is integral with the spray gun is to be 
operated for the m aximum number of cycles pos s ible in 1 h. E ach cycle is to consist of continu ou s 
sprayin g until the reservoir is em pty or continuou s  spraying for 5 m in, whichever is shorter, followed by a 1 
m in off period for refi lling. The reservoir is to be the largest availabl e  for the product. If an acces sory is 
recomm end ed, such as a paint s iphon tu be, that will permit operation without a reservoir attached. the on 
period of the cycle is to be 5 min. 

46.2.3 A pigment d ispenser is to be operated continuou sly until temperatures becom e con stant. Paint 
pigm ent or 10W30 oil is to be u s ed as the dis pen sing m ed ium. 

46.2.4 A paint m ixer is to be operated u ntil temperatures becom e constant. The m ixer is to be load ed 
with the maximum number and s iz e  of fu ll paint cans. If the m ixer has t im er, the m ixer is to  be operated for 
cont inuou s  cycles con s isting of m ixing for the maximum time perm itted by the timer followed by 1 m in off. 
If the m ixer has n o  t im er, ii is to be operated for continuous cycles consist ing of 1 0 m in on and 1 m in off. 

46.2.5 A t ank-type compressor is t o  be operated cont inuou s ly until con st ant tem peratures have been 
attained. The tank is to be m aintained at a valu e m idway between the pres sure controller's cut - in and cut­
out pressure. 

46.2.6 A compressor or vacuum pum p other than the tank type, is lo be operated continu ou sl y if possibl e  
- without pressure switches cyclin g - u ntil con stant tem peratures are reached, with the air intake or 
d ischarge adj usted sufficiently to cause a m aximum w attage in put to the produ ct. 

Exception: A linear style compressor and/or vacuum pump shall be tested continuously under both the 
blocked outlet (compressor} or inlet (vacuum pump) and also the open outlet or inlet depending upon 
which condition represents the most severe conditions of normal use, for example, highest temperatures 
during Temperature Test, Section 1§. or highest current draw during Input Test, Section 1Q. 

46.2.7 A perm an ently in stalled product is to be mounted in the intend ed manner in a n ominal 318- in thick, 
black- painted pl ywood corn er alcove consist ing of a fl oor, a 90-degree wall an gle form ed by two vertical 
plyw ood sheets, and an 8-ft (2.4-m) high ceiling with all su rfaces of the alcove extend ing not less than 2 ft 
(61 0 mm) beyond the physical limit s  of the product. The product is to  be localed as clos e to  the walls and 
l o  the floor or ceiling as its construction will permit unl es s  m arked in accord ance w ith 64.2.3. 

47 Grounding Continuity Test 

47.1 The resistance between the point of connection of the equ ipm ent - grounding m eans at or within the 
product and an y other point in the grounding circuit of the product shall n ot be m ore than 0.1 0 as 
d eterm ined by an ohmmeter or other equivalent m ean s. 

47.2 If un acceptable results are obs erved with an ohmmeter, a low voltage cu rrent sou rce can be 
employed. W ith the low voltage cu rrent s ou rce, an altern at in g current of 25 A ( for 15 A maximum rated 
prod ucts)  from a power s upply of 12 V or less is to be passed for one m inute  m in imum. The cu rrent shall 
be passed from the point of conn ect ion of the equ ipm ent grounding m eans to  the m etal part in the 
grounding ci rcu it und er test. The resulting d rop in potent ial is meas ured between the two points. The 
power cord resistance is not included in the measurement. 

48 Dielectric Voltage Withstand Test 

48.1 A product shall w ithstand for 1 m in without breakd own the applicat ion of a 60-Hz ess ent ially 
sinus oid al potential between live part s  and d ead metal parts, between circu it s that are d ifferent potent ials 
and are not electrically conn ected, or between live p arts of opposite polarity for a test on a capacitor as 
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men tion e d  in (c), with  the  produ ct at th e  maximu m op erating t e mp e rature reached in n ormal u s e. T he t e s t  
pot e ntial s hall be: 

a) On e t hou s an d  volt s for a p roduct e mploying a motor rat e d  1/2 hp (373 W ou tput) or less an d 250 
Var le ss;  

b) On e t hou s and volts plus twice the  rat e d  voltage for a produ ct e mp loyin g a motor rat e d  at more 
than 1/2 hp or more than 250 V; or 

c) On e thou s an d  volts p lu s  twice rat e d  voltage be twe e n  the  t e rminals of a cap acitor u s e d  for radi o­
in t e rference e limination or arc suppression. 

48.2 The t e s t  pot e ntial for the s e condary circu it of a product e mp loy ing a tran s former or au to-transformer 
shal l  be: 

a) On e thou s an d  volts plus twice t he op eratin g voltage if the s e condary op erat e s  at 251 - 600 V; 

b) On e thou s an d  volts if t h e  s e condary op e rat e s  at 51 - 250 V; or 

c) Five hundred volts if the  s e con dary op erat e s  al 50 Var  l e s s. 

Exception: This does not apply if the secondary circuit is supplied from a Class 2 transformer. 

48.3 To de t e rmine whether  a p roduct complies  with the  requirements in 48.1 and 48.2, the p roduct is to  
b e  t e st e d  by means  of a 500 VA or  large r  tran s former, having an  ou tput voltage that i s  e s s e nt ially 
sinu soidal an d can be varie d. The app lied pot en t ial is to be increas e d  from z e ro u ntil t h e  requ ired t e s t  
valu e i s  r e ache d  and i s  lo  b e  held a t  that valu e for 1 min. T h e  incre as e in t he app lied pot e ntial i s  to  be a t  a 
substantially un iform rate and as rapid as consiste n t  with its valu e be ing correct ly indicat e d  by a voltmeter. 

Exception: A 500 VA or larger capacity transformer need not be used if the transformer is provided with a 
voltmeter to measure directly the applied output potential. 

49 Resistance to Moisture Test 

49.1 A p rodu ct i n t e nded  for outdoor u s e  and n ot marked in accordance with  65.13 s hall be con dition e d  
a s  de scribed i n  49.3 a n d  49.4. There shall be n o  obviou s welling o f  any el ectrical comp on e nt, an d n o  
wal e r  s hall e n t e r  a compartmen t  that hou s e s  f i e ld-installed wiring. Followin g t h e  l e st, t he produ ct: 

a) S hall comp ly with the  die l e ct ric voltage with stand require men t s  in S e ction '!!!, Die l ectric Volt age 
W ithstand Test; and 

b) Shall: 

1) For a cord-con n e ct e d  produ ct rat e d  250 V or l e s s, comp ly wit h  t he l e akage curre n t  
requirements a s  de scribed i n  S e ct ion 11, L e akage Curre n t  Test. 

2) F or a cord-con n e ct e d  p rodu ct rat e d  more than 250 V and a p e rman ently-conn e ct e d  
p roduct, have a n  insu lation r esistance betwe e n  cu rrent-carrying p art s an d expos e d  dead 
metal p arts of n ot less than 50,000 0. S e e  49.2. 

49.2 Insu lati on r e s istance is to be measu red by means  of a hi gh r e s is tance voltm e t e r  u s in g a 250-V 
direct - cu rrent circuit. 

49.3 The product is to be su bj e ct e d  to a wat e r  spray as de scribed in 49.4. The l e akage curren t  or 
insu lation r e s istance, as app licable, is then  to be m e asu red, fo llowing which th e  product is to be t e s t e d  for 
die l ect ric voltage withstand in accordance  with 48.1. 
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49.4 The rain t e s t  app aratus is to consis t  of thr e e  spray h e ads moun t e d  in a water s upp ly pipe rack as 
illustrat e d  in Figur e 49.1. The spray h e ads ar e lo be con s truct e d  in accordan ce wi th  the de tails illus trat e d  
in Figure 49.2. The water pr e s s ur e  for all t e s t s  i s  to  b e  main t ain e d a t  5 ps i  (34.5 Pa) a t  e ach spray he ad. 
The distance be twe en the cent er n ozzl e an d the product is to be approximat e ly 5 ft ( 1 .5 m). The product is 
to  be brought in to the focal ar e a  of lhe thr e e  spray h e ads in such a pos ition an d un der such con ditions as 
ar e most lik e ly to r e sult in entrance of water in to  the en closure. The spray is to be dir e ct e d  at a 45 degr e e  
an gle to  the v er t ical toward the product. The total exp osur e  i s  to  b e  for 1 h. 

49.5 W ith  r e ference to  the  t e s t  d e scribed in 49.4, it may be n e c e s sary to  op erat e the product in various 
positions or un der various modes  of op erat ion, or mor e  than on e s amp le may be t e s l ed  if all ernal e  mode s  
ar e p oss ible. The product may b e  de - en ergiz e d  i f  mor e adv er s e  con ditions could r e s ult. 
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Figure 49.2 

Spray-head assembly 
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50 Paint Entry Test 

50.1 To det ermin e whether a p aint sprayer or compr essor comp li es with the r equirements in 9.9, the 
product shall be  subj e ct e d  to the  t es t  descri bed i n  50.2 an d 50.3. During the  t est, the l e akage curr ent  of a 
cord- conn ec t ed  product rat e d  250 V or l ess shall comply wi th the  r equir ements in 11.J.. At the  comple tion 
of the t est :  

a) There shall be  no evidence o f  the tracer dye on uninsulat e d  liv e p arts of any p roduct, an d 

b) Each p roduct shall comply wi th  the  r equir e ments in 49.1 ( a) an d ( b). 

50.2 A p ai nt sprayer or compressor is to be placed in a thre e wall al cov e with an upp e r  closure. The 
alcov e is to be 2 ft (0.61 m) wide. 2 ft  de ep, an d 4 ft ( 1 .22 m) high. A compr essor is to be placed on the  
floor with the s urface most susceptible to  p aint  entry lo cat e d  parallel to  an d 1 8  in  (457 mm) from the front 
of the alcov e. An in t e gral p aint sprayer or s ep arat e  spray gun, if provi ded, is to be placed at the c en t e r  of 
the alcov e with the tip of the spray tip lo cat e d  2 ft abov e the floor an d 1 ft (0.30 m) from the front of the 
alcove. The discharge is to be aimed into a corner. 

50.3 The unit is to be fill e d  with water contai ning a tracer dye and op erat e d  for 20 c. Each cycle is to 
consist of contin uous spraying unti l the unit is e mpt y, followed by 1 min off to p ermit a r efilling of the uni t .  

51 Test on Switches and Controls 

51.1 A switch or o ther  device that con trols a solenoid. a r e lay coil, or the li ke, an d that has not b e en 
pr eviously foun d to be acceptable for the  purpos e shall perform acceptably when subj e ct e d  to an ov erload 
t es t  consisting of 50 c of op eration as describ ed  in 51.2. There shall be no e l e ctrical or me chanical 
br e akdown of the  device or undue burning or pitting of the contacts as a r es ult of the t est, an d the fus e in 
the gro un din g conn ection shall no t open. 

51.2 To de t ermine  whether a switch or other device complies wi th the requir e men t  in fil.J_. the product is 
to be conn ect e d  to a s upp ly circuit o f  rat e d  fr equency an d 1 1 0  p ercent of maximum rat e d  voltage. The lo ad 
on the device being t e s t e d  is to be the s ame as that whi ch it is in t en d e d  to control i n  normal s e rvice. 
Durin g  the t est, expos e d  d e ad me tal p arts of the product ar e to be conn ect e d  to ground through a 3-A p lug 
fus e. The device is to be operat e d  at a rat e  of not more  than 1 0  c p er min. excep t that a fast er rat e of 
op eration may be e mploy ed  i f  agr e e able to thos e conc ern e d. 

51.3 A switch or other device that controls a mo tor of a product, unless it has be en fo und to be  
acceptable for the application or  is  in t erlo cked so that i t  wi ll n ev er br eak the locked-ro tor motor curr ent. 
shall p erform acceptably when subj e ct e d  to a t es t  consisting of 50 c o f  op e ration, makin g an d br e aking the 
lo cked-rotor current of the p ro duct. There shall be  no e le ctrical or  me chani cal br e akdo wn o f  the device or 
undue pittin g  or burning of the cont acts, and the fus e in the gro un ding connection shall not op e n. 

51.4 To d e t e rmin e  whether a s witch or o ther  contro l device co mp lies wi th the  r equirement in 51.3, the 
product is to be conn e ct e d  to a grounded supply circuit of rat e d  frequency an d maximum rat e d  volt age -
s e e  46.1.4 and 46.1.5 - with  the  ro tor of the  motor locked in position. During the t est, expos e d  d e ad me tal 
p arts of the product are to be conn e ct e d  to ground t hrough a 3 -A plug fuse ,  and the  connection is to be  
such that an y single-pole, current-rupturing device will be locat e d  in  the  ungrounded conductor of  the  
supply circuit. If the p roduct is int ended for us e on  dir e ct current or  on dir ect curr ent as we ll as alternating 
curre nt, the expos e d  dead me tal p arts of the product ar e to be  conn ec t ed  so as to be  posit ive with r esp e ct 
to a singl e-pole, curr ent -rupturin g con trol device. The device is to be op erat e d  at a rat e  not mor e  than 1 0  c 
p er min, except  that a fast er rat e of op e ration may be e mp loyed  if agre e able to thos e concern e d. 
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52 Strain Relief Test 

52.1 The strain reli ef means provided on an attached flexible cord, fl exible con duit, or armored cable, 
when tested in accordance with 52.2, shall withstand for 1 min without displacement a direct pull of 35 lbf 
(156 N) a ppli ed to  the cord, wit h  the con n ections within the product disconn ected. 

52.2 A 35-lb (15.9 kg) weight is t o  be suspended on the cord and s upported by the product s o  that the 
strain-reli ef means wi ll be stressed from any ang le th at the constr uction of the product permits. The strai n  
relief i s  not accept able if, at the  point of di sconn ection of the  con ductors, there is such movement of the 
cord as to i ndicate that stress would have resulted on the conn ecti ons. 

53 Push-Back Strain Relief Test 

53.1 A product wit h  a non- detachable cord is to be tested in accordance with 53.2 without occurrence of 
any  of the conditi ons specified i n  13.2.2. 

53.2 The supply cord or lead i s  to be held 1 in (25.4 mm) from the point where the cord or lead emerg es 
from the product and  is then to  be pushed ba ck i nto  the product. W hen a remova bl e bushing which 
extends further than 1 in is pres ent, it is to be removed prior to the test. W hen the bushing is an integral 
part of the cord, then the test is to  be carried out by holding the bushing. The cord or lead is to  be pushed 
back into the product in  1-i nch i n crements unti l the cord buck les or the force to  push the cord into the 
product exceeds 6 lbf (26.7 N). The supply cord or lea d within the product is to be manipul ated t o  
determine compli ance with 1 3.2.2. 

54 Abnormal Operation Test 

54.1 If a product employs a semi con ductor device, a capacitor. or a combin ation of both, a ri sk of fi re, 
electric s hock, or i nj ury to persons shall n ot result when either the semicon ductor device or the capacitor is 
s hort- or open- circuited. 

Exception: The test is not required: 

a) If circuit analysis indicates that a risk of fire, electric shock, or injury to persons is not likely as a 
result of the open circuiting or short circuiting of a semiconductor device or capacitor. 

b) For components whose failure may result in an increased risk of fire or electric shock and that 
have previously been investigated and found suitable for the application. 

54.2 In a test to  determi n e  whether a product compli es wit h  54.1, the product i s  to be conn ected to  a 
grounded supply of rated frequency and maximum r ated voltag e operating at n o  load with the s hort- or 
open-ci rcuited condition int roduced. Only one abnormal condition is to be si mulated at a t ime. 

54.3 During the tests descri bed in  54.2, the product is to be conn ected in  series with a n ontime-dela y  
fuse representative of the maximum current that could b e  pa ssed i n  the circuit b y  the branch circuit 
prot ective device. The maximum current rati ng shall be based on the maximum current rating that can be 
accommodated by the fus eholder of the branch circu it to which the product could proper ly be con nected, 
in accordance with the National El ectri cal Cod e, ANSIINFPA 70. 

54.4 Exposed dead met al pa rts of the product are t o  be conn ected to g round throug h a 3-A fuse, and the 
test i s  to  be continued until ult imate results are obtain ed. The results are unacceptabl e if the fuse opens 
duri ng the test. If the product is provi ded with a momentary-contact s witch having no provisi on for being 
locked on, and if there is in dication of ma lfunction of the product such as emi s sion of s moke, failure t o  
operate i n  the inten ded mann er, or other indicati on, the test i s  to  b e  discontinued when the malfunction 
becomes evident. 
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55 Accelerated Aging Test 

55.1 A rubber or neoprene compound forming a part that is depended upon for protection from rain shall 
have physical properties as noted in Table 55.1 before and after aging. 

55.2 The test procedure for determining whether a part complies with the requirement in 55.1 depends 
upon the material of which it is composed, its size and shape, the application in the product, and other 
factors. The test procedure may include visual inspection for cracks, deformation, and the like after 
accelerated aging, as well as comparison of hardness, tensile strength, and elongation before and after 
accelerated aging. 

55.3 With reference to the requirements in 55.1 and 55.2, a part of rubber or neoprene, if tested to 
compare its tensile strength and elongation before and after accelerated aging, is acceptable if these 
properties are not less than the minimum values specified in the Table 55.1 , corresponding to the 
temperature of the component during the temperature test. 

Temperature of component during 
temperature tost 

oc OF 
60 or less 140 or less 

61 - 75 142 - 167 

76 - 90 169- 194 

91 - 105 196 - 221 

Table 55.1 
Accelerated aging test 

Accoloratod aging procedure 

Ajr oven aging for 70 h at 100°c 

Air oven aging for 168 h at 100°C 

Air oven aging for 168 h at 121.0 ±1 .0"C 
(249.8 ±1.8°F) 
Afr oven aging for 168 h at 136.0 ±1.0°C 
(276.8 ±1.8"F) 

56 Permanence of Marking Tests 

Minimum acceptable percent of 
unaged value for samples 

Tonsllo strength Elongation 

60 6-0 
50 5-0 
50 5-0 

50 5-0 

56.1 A marking that is required to be permanent shall be molded, die-stamped, paint-stenciled, stamped 
or etched metal that is permanently secured, or indelibly stamped lettering on a pressure-sensitive label 
that complies with the requirements in the Standard for Marking and Labeling Systems, UL 969. Ordinary 
usage, handling, storage, and the like of a product are considered in the determination of the permanence 
of a marking. 

56.2 In addition to complying with the requirement in 56.1 and, after being tested as described in 56.6 , a 
tag used for a cautionary marking in accordance with 65.5 is considered to be permanently affixed to a 
power-supply cord or hose if there is no: 

a} Tearing at any point for more than 1116 in (1.6 mm}. 

b} Movement of the tag more than 1/2 in (12. 7 mm} along the length of the power-supply cord or 
hose, 

Exception: A tag applied to a /Jose may move more than 112 in provided a Mting on each end of the 
hose prevents the tag from sliding off. 

c} Shrinkage, wrinkling, cracking, or other deformation that renders the marking illegible, or 

d} Visible curling or loosening around the edges of a tag with an adhesive back. 
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Exception: A tag used for a cautionary marking complying with the applicable requirements in the 
Standard for Marking and Labeling Systems - Flag Labels, Flag Tags, Wrap-Around Labels and Related 
Products, ANSI/CAN/UL 969A. is not required to comply with this requirement. With respect to a tag 
applied to a hose, the exception in (b) above is also applicable. 

56.3 Nine samples of a cord or hose tag are to be tested as described in 56.6. Each sample is to consist 
of a length of power-supply cord or hose to which the tag has been attached in the intended manner. If the 
tag is secured by an adhesive, the test is to be conducted no sooner than 24 h after application of the tag. 
Three samples are to be tested as received; the additional samples are to be conditioned as described in 
56.4 and 56.5 prior to testing. 

56.4 Three samples are to be conditioned for 240 h in an air-circulating oven maintained at a uniform 
temperature of 87.0 ±1.0'C (1 88.6 ±1.8'F). Following removal from the oven, the samples are to remain at 
a temperature of 23.0 ±2.0'C (7 3.4 ±3.6 "F) and a relative humidity of 50 ±5 percent for 30 min before 
testing. 

56.5 Three additional samples are to be conditioned for 72 h at a temperature of 32.0 ±2.0'C 
(89.6 ±3.6 'F) and a relative humidity of 85 ±5 percent. The samples are to be tested within 1 min after 
expo su re. 

56.6 Each sample power-supply cord or hose with attached tag is to be tightly suspended and clamped 
at each end in a vertical plane with the attachment plug on a cord pointing upward. A 5-lb (22.2-N) force is 
to be applied for 1 min at the uppermost comer of the tag farthest from the cord or hose and within 1 14 in 
(6.4 mm) of the vertical edge of the tag. The force is to be applied vertically downward in a direction 
parallel to the major axis of the cord or hose. Following the test, the sample shall comply with the 
requirements in 56.2. Manipulation of the tag, such as straightening by hand, is permitted. 

57 Vibration Test 

57.1 With reference to 36.1.9, a sample pressure vessel assembly is to be placed on a vibration table in 
its normal upright position and not secured in place. Loose restraint shall be used to limit the area of travel. 
For an assembly provided with a mounting means intended to support a motor, compressor, or a similar 
device, a load equal to the maximum load that the tank is to support in normal use shall be secured to the 
intended mounting surface. The load is to be imposed by the heaviest motor, compressor, controls, and 
piping that are to be supported by the tank or by weights representing an equivalent load secured in 
position to simulate the actual construction. An assembly with wheels is to be tested with the wheels in 
place. 

57.2 The test apparatus is to consist of a vibration table that provides continuous circular motion with a 
total displacement of 1 inch (25.4 mm) in a vertical plane with the table level at all times. The speed of the 
apparatus is to be adjusted so that the vibration frequency generates a 1/16-in (1.6-mm) vertical 
displacement of the pressure vessel assembly from the table. 

57.3 During the test, the pressure vessel assembly is to be rotated 90 degrees from the initial position so 
that the sample is subjected to both longitudinal and transverse circular vibration. The sample is to be 
subjected to vibration in each position for 3-1 /2 h - 7 h of total vibration time. After making the change in 
position of the sample - 90-degree rotation - the speed of the test apparatus is to be readjusted to 
maintain a 1/16-in (1 .6-mm) tank displacement. 

57. 4  After completion of the test, the pressure vessel assembly shall not show visual evidence of 
cracking or other indication of vessel or support damage. Damage to a wheel or mounting shall not result 
in a risk of fire, electric shock, or injury to persons. The pressure vessel shall withstand a hydrostatic 
strength test as described in 57.5. 

ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 1
45

0 2
02

5

https://ulnorm.com/api/?name=UL 1450 2025.pdf


66 UL 1450 APRIL 16, 2025 

57 .5 A hydrostatic strength test is to be conducted by filling the pressure vessel with water so as to 
exclude all air, connecting the pressure vessel to a hydraulic pump, and gradually increasing the pressure 
to 1-112 times the relief valve setting. The sample shall not leak. The pressure is then to be gradually 
increased to five times the relief valve setting and held at that value for 1 min. The sample shall not 
rupture. 

58 Hydrostatic Strength Test 

58.1 With reference to 36.1.9, 36.2.1, and 36.2.2, a hydrostatic strength test is to be conducted by filling 
the sample with water, oil or some other liquid representative of actual use so as to exclude all air, 
connecting the sample to a hydraulic pump, gradually increasing the pressure to the specified test value, 
and holding ii for a period of 1 min. As a result of the test: 

a) A pressure vessel shall withstand without leakage or rupture a pressure of five times the relief 
valve setting, or 

b} A part, other than a pressure vessel, that is subject to pressure shall withstand without rupture a 
test pressure of five times the value specified in 36.2.1. 

Exception: Rupture of a nonmetallic fluid transfer line and its connections, or at a gasket complies with the 
requirements when repeated tests conducted with media they are intended to contain show no evidence of 
resulting in a risk of electric shock or injury to persons. 

MANUFACTURING AND PRODUCTION TESTS 

59 Dielectric Voltage Withstand 

59.1 Each product shall withstand without electrical breakdown, as a routine production-line test, the 
application of a 40 - 70 Hz or a direct current potential: 

a) Between the primary wiring, including connected components, and accessible dead metal parts 
that are likely to become energized, and 

b) Between primary wiring and accessible low-voltage metal parts, including terminals. 

59.2 The production-line test shall be in accordance with either Condition A or Condition B of Table 59.1. 

59.3 The product may be in a heated or unheated condition for the test. 

Rating of motor in product 

112 hp (373 W ou1put) or 
less and 250 Vor less 
More than 1 /2 hp or more 
than 250 V 

Table 59.1 
Production-line test conditions 

Condition A 
Potential, V Potential, V Potential, V 

ae de Time, s ae 
1000 1400 60 1200 

1000+2V' 1400•2.SV' 60 1200•2.4V' 

3 V = maximum marked voltage but not less than 120 V. 

Condition B 
Potential, V 

de Time, s 
1700 1 

1700+3.4V' 1 

59.4 The test is to be conducted when the product is complete - fully assembled. It is not intended that 
the product be unwired, modified, or disassembled for the test. 
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Exception No. 1: A part such as a snap cover or a friction -fit knob that would interfere with the 
performance of the test need not be in place. 

Exception No. 2: The test may be performed before final assembly if the test represents that for the 
completed product. 

Exception No. 3: The test may be conducted before a so/id-state component that can be damaged by the 
dielectric potential is electrically connected. However, a random sampling of each day's production is to be 
tested at the potential specified in � but the circuitry may be rearranged for the test to reduce the 
likelihood of so/id-state-component damage while retaining representative dielectric stress of the circuit. 

59.5 The test equipment shall have 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. When an alternating-current test 
potential is applied, the test equipment shall include a transformer having an essentially sinusoidal output. 

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

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

a) A voltmeter in the primary circuit or in a tertiary winding circuit. 

b) A selector switch marked to indicate the test potential, or 

c) A marking in a readily visible location to indicate the test potential of equipment having a single 
test potential output. If marking is used without an indicating voltmeter, the equipment shall include 
a positive means, such as a power-on lamp to indicate that the manually reset switch has been 
reset following a tripout. 

59.8 Test equipment other than that described in 59.5 - 59.7 may be used if found to accomplish the 
intended factory control. 

59.9 During the test. the primary switch is to be in the on position, both sides of the primary circuit of the 
product 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. 

Exception No. 1: A product - resistive, high -impedance winding, and the like - having circuitry not subject 
to excessive secondary-voltage buildup in case of electrical breakdown during the test may be tested: 

a) With a single-pole primary switch, if used, in the off position, or 

b) 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. 

Exception No. 2: 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. 

60 Ground ing C ontinuity 

60.1 Each product that has a power-supply cord having a grounding conductor shall be tested, as a 
routine production-line test, to determine that grounding continuity exists between the grounding blade of 
the attachment plug and the accessible dead metal parts of the product that are likely to become 
en ergized. 
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60.2 On ly a s ingle tes t  n eed be conducted if the accessible metal s el ected is conductively connected by 
design to  all other acces sible metal. 

60.3 Any indicating device, such as an ohm meter, a battery - and -buzzer combination, or the like, m ay be 
used to  determine compliance with the grounding con t inu ity requ irem en t in 60.1 . 

61 Pressure Vessel Assembly 

61.1 Each pressure vessel m anufactured shall be visu ally examined for qu ality of welds, pipe connection 
fittings, an d gen eral ass embly det ails. 

61.2 Each n on-ASME coded vessel an d ASME ves sel coded "UM" s hall be tested as des cribed in 61.3 
and shall show no evidence of permanent deformation or external leakage. 

61.3 The tes t  is to be conducted on a fu lly assembled vessel after all fabri cation, inclu ding the 
at tachmen t of s addles, legs, wheel su pports, fitt ings, or the like, has been completed. F or the test, the 
vessel i s  l o  be filled with water to exclu de all air an d then su bj ected to the test pres sure s pecified in 61.4 
for a period of 20 s min imum. The pressure shall be m aintained for a longer period if n ecess ary to  
complete the  inspection for leaks. 

Exception: The production-line testing may be conducted using an aerostatic pressure if: 

a) Acceptable protection for personnel conducting the test is provided, and 

b) Suitable means for detection of external leakage is provided. 

61.4 The test pressure for a non-ASME coded vessel is to be 1-1/2 limes the s tart- to-discharge sett ing of 
t he pressure relief dev ice. The test pressure for an ASME vessel coded "UM" is to be 1.3 t imes the rated 
working pres sure of the vessel. 

62 Start-to-Discharge of Pressure-Relief Device 

62.1 Each non-ASME coded pressure-relief dev ice s hall be tested by the manufacturer for the start - to­
discharge press ure by subjecting t he pressure-relief device to a gradu ally increasing air pressure u n t il the 
device begin s to  open. The s tart- to- discharge pressure shall be in the ran ge of 90 to  100 percen t of its 
ass ign ed s tart- to- discharge pressure sett ing. 

RATING 

63 Details 

63.1 A product shall be rated in volts, in frequ ency - expressed in on e of the following terms: her tz, Hz, 
cycles - per- s econd, cps, cycl es/second, c/s, ac- dc, or ac on ly an d, other than as n oted in 63.2, in am peres. 
The frequ en cy m ay be expressed as __ /de - for example, 60/dc - if a un iversal motor n ameplate 
serves as t he produ ct rating m arking. If a product is in ten ded for u s e  on a polyphase circu it, the num ber of 
phases s hall be included in the ratin g. 

63.2 Instead of the ampere rating m en t ion ed in 63.1 , a product may be rated in wat ts if the full- load 
power factor is 0.80 or m ore or if the rating of a cord-con n ected produ ct is 50 W or less. ULN
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MARKING 

64 Details 

64.1 General 

64.1.1 A product s hall be l egibly and perman ently marked where ii will be r ead ily visible - aft e r  
installat ion in the case  of a permanently c onnect ed applianc e - but not on a re movable part of the product, 
suc h  as on the blad e s  of an attachment plug, with t he following: 

a) The manu factur er's name, trad e name, trad e mark, or other d e scriptive markings by w hich the  
organizat ion r e spons ible for t he product may be  id entifi ed; 

Exception: The manufacturer's identification may be in a traceable code if the product is identified 
by a brand or trademark owned by a private labeler. 

b) The d at e  or other  d ating period of manufacture not exce eding any thr e e  c ons ecutive months. 
The d al e  c od e  shall n ot r epeat in l e s s  than 20 y e ars; 

Exception: The date of manufacture may be abbreviated or in an established or otherwise 
acceptable code. 

c) A d istinctive cat alog number or the  equivalent; and 

d) The e lectrical rating. A product int ended for c onnection l o  a 120/240 V, 3 - wir e, s ingle - phas e 
power s ource s hall be marked "3-wire," 

64.1.2 A product that e mploys  a s in gle  motor as its only e lectric- e nergy-consuming component n e ed not 
s how the e l ectrical rating giv en on the motor namepl at e e ls ewhere  on the product if this nameplat e  is 
permanent and r e adi ly visible aft e r  the motor has b e e n  installed in the product. 

64.1.3 If the motor n ame plat e of a dual-voltage motor is e mploy ed lo giv e the  e lectrical rating of the  
product as  provid ed in 64.1.2, the  product s hall be add it ionally and permanent ly marked to ind icat e the 
voltage for which ii is  intend ed when s hipped from the  factory. If the product employs  an attachment plug, 
instructi on s s hall be provid ed to ind ic at e th e  type of plug that s hould be us ed if th e  product is reconn ected 
for the alt ern at e  voltage. 

64.1.4 If a manufacturer produc e s  or ass e mble s  product s at more than on e factory, e ach finished 
product shall hav e  a d istinctive permanent marking by me ans of w hich it may be id entified as the product 
of a particular factory. 

64.1.5 A capacitor or capacitor transformer unit, as d e scribed in 1 9.6, that is not phy s ically a part of a 
product shall be permanent ly marked with an id e nt ification symbol; this symbol shall also appear on the 
n ameplat e  of the  motor. 

64.1.6 A product that is packaged with an attachm ent as a compl et e  unit s hall be marked in a mann e r  
that will id entify the att achment. The id e ntification o f  the attachment shall appear in al least on e o f  the  
following locations: 

a) On the product; 

b) On the  attac hment; or 

c) On the  package housing t he product. 
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64.1.7 If the d e sign of a produ ct con t e mplat e s  cl e an in g  or s e rvicing, such as the r e place men t  of a pilot 
lamp or a fu s e, by the u s e r, an d if such cl e aning or s ervicing would involve the exposu re of a normally 
e n clos e d  or prot e ct e d  live par t to u n in t e n t ional con tact, the product shall be plain ly and pe rman e n t ly 
marked to indicate that such s ervi cin g or cleaning be don e with the  product discon n e ct e d  from the su pply 
circuit. 

64.1.8 A produ ct that will not s tart and attain n ormal ru n n in g  s p e e d  when con n e ct e d  to a circu it prot e ct e d  
by an ordinary - n ot a time - de lay - fus e a s  spe cif i ed in t h e  Exception to  43.1 shall b e  plain ly and 
perman e n t ly marked with the w ords: "If con n ec t ed  to a circu it prot ec t ed  by fu s e s, u s e  time - de lay fu s e s  
with this product," or with an equival e n t  w ording. 

64.1.9 A compre s sor sys t e m  with an air-holdin g tank that is provided with a pressure in dica tor n ot 
calibrat e d  in pr e s sure u n its shall be pe rman e n t ly marked to defi n e  the signi fican ce of the markings on the 
gauge. 

64.1.10 A compre s s or that  w e ighs 20 lb (9.07 kg) or more and that  has not been subj e ct e d  to  a paint­
en t ry t e s t  in accordance with Exce pt ion N o. 2( b) to 9.9 shall be marke d: "Do n ot carry while pain t ing," or 
with an equivalent wording. 

64.1.11 A compressor or pu mp, to which a spray gu n is in t e n d ed  to be con n e ct e d  by at l e as t  15 ft (4.57 
m) of s eparat e ly available hos e and that has n ot b e e n  subj e ct e d  to  a pain t - e n try t e s t  in accordan ce 
Exce ption N o. 2( a) of 9.9 shall be marke d: "Us e a minimu m  of 15 ft of hos e when con n e cting the spray 
gun to the compressor" or with an equivalent wording. 

64.1.12 A produ ct that is in t e n ded for in s tallation or u s e  in a commercial garage or the  like and that 
in corporat e s  arci ng  or sparking par ts  shall be perman en t ly marke d  with the followin g  s ta te men t: "This 
equ ipmen t  in corporat e s  parts, such as s n ap switch e s, r e ce ptacles, and the like that t e n d  to  produ ce arcs 
or sparks and, there fore. when  locat e d  in a garage, it should be in a room or e n closu re  provided  for the 
purpos e, or shou ld b e  18 in (457 mm) or mor e above the floor." 

Exception: A product in which arcing or sparking parts are located at l east 18 in above a floor n e ed not b e  
marked. 

64.1.13 A product shall not b e  marke d  with a dou bl e  in s ulation symbol - a square within a square - the  
words "Double Insu lation", or  the equivalen t  un l e ss  it complie s  wi th  the  applicable requ ire men t s  i n  the 
S tandard for Dou ble  Insu lation Sys t e ms for U s e  in  Electrical Equipment, UL 1097. 

64.2 Permanently conn e ct ed produ cts 

64.2.1 If any poi n t  w ithin a t e rmin al box or wiring compartme n t  of a pe rman e n t ly con n ec t ed  produ ct in 
which the pow e r- s upply conductors are in t e nded  to be con n e ct e d, including s uch conductors thems e lv e s, 
attains a t e mpe ratur e ris e of more than 35°C (63°F) during the t e mpe rature t e st, the product shall b e  
pe rman e n t ly marke d  "For su pply con n e ct ion, u s e  w ir e s  acceptable for a t  least  ... C ( ... F)," or with an 
equ ival e n t  stat ement ,  an d the t e mperature valu e shall be in accordan ce with Table 64.1 . This s tat e me n t  
shall be locat e d  a t  o r  n ear t h e  point w h e r e  the  su pply con n e ctions are t o  be made, and shall be cle arly 
visible both dur in g and aft e r  in s tallation of the product. 
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Table 64.1 
Outlet-box m arking 

Temperature rise attained during test in terminal box or 
compartment 

36 - 50
°

C 

I 
(64 - 90"FI 

51 - 65"C (91 - 117"F) 

71 

Temperature marking 

1s·c 

I 
(167°F) 

90"C (194"F) 

64.2.2 A product intended for permanent connection to a wiring system other than rigid metal conduit or 
armored cable shall be permanently marked to indicate the system or systems for which it is acceptable. 
The marking shall be located so that it will be visible when power-supply connections to the product are 
being made. 

64.2.3 If a specific spacing is necessary between a permanently-installed product and the surfaces of the 
test alcove described in 46.2.7 to prevent the attainment of excessive temperatures within the product or 
an adjacent surface, the product shall be permanently marked in a location that will be readily visible after 
installation "Mount at least ... inches from side walls (and floor or ceiling)." See 67.5. 

64.2.4 Deleted 

64.3 Cord-connected products 

64.3.1 If a product is provided with a power-supply cord 18 in (457 mm) or less long or with a motor­
attachment plug in accordance with 13.1.8 and 1 3.1.9, a statement advising of the availability of an 
extension cord and the importance of using such a cord shall be marked on the product. 

Exception: As an alternative to marking, the required statements may be contained in the operating 
instructions. See 67.3. 

64.4 Househo ld type products 

64.4.1 A product evaluated in accordance with the Exceptions to 9.4 shall be marked "Household Use 
Only" or the equivalent. The lettering shall not be less than 3/32 in (2.4 mm) high. 

64.4.2 A carton (individual marketing container) for a product evaluated in accordance with the 
Exceptions to 9.4 shall be marked "Household Use Only" or the equivalent. The marking shall: 

a) Be located on at least one outside surface, and 

b) Appear in lettering not less than the height specified in Table 64.2. 

Table 64.2 
Lettering height 

Smallest dimonsion of the carton panol to be marked in Inches (mm) 

More than Less than or equal to 

0 6 (152) 

6 (152) 10 (254) 

10 (254) -

Minimum height of lettering In Inches 
(mm) 

118 (3.2) 

3116 (4.8) 

114 (6.4) 
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65 Cautionary 

65.1 A product having a hidden or unexpected risk of injury to persons shall be marked to inform the user 
of the risk. 

65.2 A cautionary marking shall be permanent and legible and shall be located on a permanent part of 
the product. 

65.3 A cautionary marking intended to instruct the operator shall be legible and visible from the position 
normally assumed by the operator when starting the product or from the position normally assumed for the 
specific operation involved. Other such markings for servicing or making settings and adjustments shall be 
legible and visible lo the individual when such work is being accomplished. 

65.4 A cautionary marking on a paint sprayer or paint gun shall be in lettering raised not less than 0.020 
in (0.51 mm) above the surrounding surface, or of a similar type not likely lo become unreadable with 
several layers of paint covering it. 

Exception: The cautionary marking on a paint sprayer having a motor rated 3 hp (2.2 kW output) or less 
may be on a tag if the lag complies with the requirements in 65.5. 

65.5 A tag used for a cautionary marking in accordance with the Exception to 65.4 or 65.12 shall: 

a} Be permanently affixed to a hose or an attached power-supply cord, 

b} Be located not more than 6 in (152.4 mm) from the attachment plug, if on a cord, 

c) Be made of substantial material such as cloth, plastic, or the equivalent that provides the 
necessary mechanical strength and prevents easy removal, and 

d} Comply with the requirements in 56.2 - 56.6. The tag shall be of a size that facilitates legibility of 
the required markings, and all exposed surfaces shall have a clear plastic overlay, or the 
equivalent, to protect the markings. The tag shall be either of the following forms: 

1) A flag-type tag having a hole to permit securement to the power-supply cord or hose by a 
plastic strap or equivalent means. The strap shall not be removable without cutting; or 

2) A flag-type tag with a adhesive back. The tag is to be wrapped tightly once around and is 
to adhere to the supply cord or hose. The ends of the tag are to adhere to each other and 
project as a flag. The required markings are to be positioned on the projecting flag portion of 
the tag. 

65.6 A marking intended to inform the user of a risk of injury to persons shall be prefixed by a signal word 
"CAUTION." "WARNING," or "DANGER." Upper case letters shall not be less than 0.08 0 in (2.0 mm} high. 
The signal word shall be more prominent than any other required marking on the product. 

Exception: For products on which space precludes the full size marking and for products requiring 
languages in addition to English, upper case letters shall not be less than 0.060 in (1.5 mm) high and 
legible from a safe viewing distance. 

65.7 In the event that, when energized, a product has a part or function that involves a risk of injury to 
persons, a switch that controls the motor that drives the part shall have a plainly marked off position. The 
symbols shown in Figure 65.1 comply with the requirement when the user instruction manual identifies the 
symbols. 

Exception: A momentary-contact switch without a locking feature need not be marked. 
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Figure 65.1 

On and off symbols 

0 
S3486 

JEC Publication 417, Symbols 5007 and 5008. 

6 5.8 A product having provisions for two or more separate connections to a branch circuit or other 
power-supply source shall be permanently marked with the word "CAUTION" and the following or the 
equivalent: "This product has more than one connection to the source of supply. To reduce the risk of 
electrical shock, disconnect all such connections before servicing." The marking shall be located at each 
point of connection, and shall be readily visible after installation of the product. 

6 5.9 A compressor having a head or associated fittings and a motor frame that may: 

a) Be contacted by the user, and 

b) Attain a temperature that exceeds the applicable limit specified in Table 3 2.1 shall be 
permanently marked with the word "WA RNING" and the following or the equivalent: "Hot Surface -
To reduce the risk of bums, do not touch." T he marking shall be located on or adjacent to the hot 
surfaces. 

65.1 O A part of an enclosure as described in the Exception to 3 0.6 shall be marked to indicate that such 
servicing is to be done with the product disconnected from the supply circuit. 

6 5.11 If complete guarding of a moving part that would obviously cause injury to persons would defeat 
the utility of a product a marking shall be provided warning the user of the potential risk of injury. 

6 5.12 A compressor or attachment shall be provided with the following markings as applicable. The 
pressure value to be indicated shall be the maximum rated operating pressure. Upon investigation, other 
markings may be found to be necessary: 

ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 1
45

0 2
02

5

https://ulnorm.com/api/?name=UL 1450 2025.pdf


74 UL 1450 APRIL 16, 2025 

a) On a compressor without a pressure r e gulator: "CAUTION" and the foll owin g or equivalent: 
"Risk of Bursting - Us e on ly r e comm ended air - handling p arts acceptable for pressures not J ess 
than _ ps i;" 

b) On a compressor with a pressure r e gulator: "CAUTION" an d the following or eq uivalent: "Risk of 
Bursting - Do n ot adj ust r egulator to r es ult in outp ut pressure gr e at er than m ark e d  m aximum 
pressure of attachm ent;" or 

c) On a compressor cap able of obtaining pressures higher than 50 psi (344.7 Pa): "WARNING" and 
the following or eq uivalent: "Risk of Inj ury - Do n ot dir e ct air str e am at body." 

65.13 A p ortable compr essor or p aint spray er n ot int ended  to  be expos e d  to rain shall be mark e d  with 
the  word "CAUTION" and the following or eq uivalent: "To r e duce the risk of e l e ctric shock, do n ot expos e  
t o  rain. Stor e in do ors." 

65.14 A product int ended for indoor us e on ly shall be m ark e d  with the word "CAUTION" and the 
followin g or equivalent: "To Re duce the Risk of Electric Shock or Injury. Us e Indoors On ly." in letter h e ight 
not l ess than 3/32 in (2.4 mm). This m arking shall also be included in  the instruction m anual in accordance 
with 66.8. 

65.15 A product construct e d  in accordance with Except ion N o. 1 to 36.1.8 shall be m ark e d  adj acent to 
the drain hol e and v isible while the product is in  use with the word "CAUTION" and the foll owin g or 
equivalent: "Risk of Burst ing - Tilt tank to  drain." 

65.15.1 A product construct e d  with a door to gain access to a tank drain ass em bly in accordance  with 
Ex ception N o. 2 of 36.1.8 shall be m ark e d  on the door p an e l  with the word "CAUTION" and the fo llowing 
or eq uivalent: "Risk of B urstin g - Open D oor To Access Drain Assembly." 

65.16 A compressor shall be p erman ent ly marked with the word "WARNING" and the following or 
equivalent: "Risk of Fire or Explos ion - Spray ar e a  m ust be  well  v entilat e d. Do n ot smoke while spray ing 
or spray where sp ark or flam e is pres ent. K e ep compressors as far from spraying ar e a  as possible." 

Exception: A compressor: 

a) Having a threaded coupling other than size 1/4 - 18 in accordance with the American National 
Standard for straight pipe threads for mechanical joints, ANSI/ASME 81.20. 1, (NPSM), and 

b) Thal is not intended to operate a spray gun is not required to be marked. 

65.17 A p aint spray er shall be p erman e nt ly m ark e d  with the word "WARNING" an d e ither the t ext 
sp e cified in 65.16 or the following or equivalent: "Risk of Exp losion - Do n ot spray flamm able liq uids." 

65.18 W ith r e fer ence to the  r equir em e nt in 65.6, a m arking that com bines two or more app licable 
m arkings n e e d  n ot include the s ignal word m or e  than on ce. 

65.19 W ith r ef er ence  t o  25.5, a portable product provide d  with a gen eral p urpos e r e c eptacle shall be 
m ark e d  " __ Amps Maximum" at the r e ceptacle so that the com bined ampacity of the product op erat e d  
under m aximum n orm al l oad an d t h e  eq uipm e nt conne ct e d  to t h e  r ec eptacle does not exc e e d  t h e  rating of 
the product. 

65.20 A product int ended for us e with a duty cycle as described in 46.1. 7 s hall be m ark e d  with the duty 
cycle. 
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65.21 Linear pumps intended for use in aerating s eptic tanks, f ishponds, and s imil ar applications, shall 
be marked with the foll owing wording or the equ iv alent: "WARNING - To prevent electrical shock from 
back-s iphoning, locat e the pump above the water level." 

65.22 A n itrogen generator shall be perman ently marked with the word "WARNING" and the following or 
equ iv alent: "To reduce the risk of asphyxiation or fi re, install the n it rogen gen erator in  a well ventilated 
area, and/or provide for exhaust ventilation of the waste gas and 02 monitoring.• 

INSTRUCTION MANUAL 

66 General 

66.1 A product shall be provided with legible instru ctions pertaining to: 

a) Its operation and instal lati on, 

b) Us er- mainten an ce and storage, and, as applicable, 

c) Groun din g or dou ble insu lation. 

66.2 The caution ary prefix "WARNING" required in 69.1, an d all u pper- case text in dicated in 67.1 - 70.1 
shall be entirely in u pper- case letters or otherwise emphasized to distin gu ish them from the rest of the text. 

66.3 The text of all requ ired instru ctions shall be in the words s pecified or words that are equ ivalent, 
cl ear, an d u n derstan dable. 

Exception: If a product is such that the specified wording is unnecessary or conflicting, the wording may be 
omitted or modified, as appropriate. 

66.4 Instru ctions or illustrations shall be provided to identify important parts of the product, such as a 
pressure regu lator. An illustrat ion may be used with a requ ired instru ction to clarify the intent, but shall not 
replace the written inst ru ction. 

66.5 Wording in parentheses in Sect ions fil - ZQ is explan atory, in dicating options, altern atives, or cross­
referen ces. Wherever the words "the (or this) product" are used, the name of the specific product may be 
su bstituted in the f inal text. 

66.6 A produ ct evalu ated in accordan ce with the Exceptions to  9.4 shall have the statement "H ousehold 
Us e On ly" or the equ ivalent appearing in the instru ct ion manu al. 

66.7 With reference to the requ irement in 7.3, a tank-type compressor that does n ot employ a pressure 
vessel marked with the code symbol of "U" or "UM" of the American Society of Mechanical Engineers 
(ASME) shall n ot inclu de reference to a horsepower rating of more than 3 hp (2.23 kW output) on the 
product or in the instru ct ion manual provided with the produ ct. 

66.8 A product marked in accordance with 65.14 s hall have the statement "For Indoor Us e Only" or the 
equ iv alent appearing in the instru ct ion manu al. 

66.9 A product marked in  accordan ce with 65.15.1 shall have the statement "CAUTION - Ris k of 
Bursting - Open Door To Access Drain Assembly." or the equ ivalent appeari n g  in the instru ct ion manu al. 

66.10 A product evaluated in accordan ce with the Exception No. 2 to 36.1.8 shall include instru ctions in 
the manu al on how to manu ally drain the system in the event of malfu n ction of the automatic drain system. 
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67 Operating and Installation Instructions 

67 .1 The operating and installation instructions shall include all information needed to operate and install 
the product as intended. 

67.2 Deleted 

67 .3 With reference to the Exception to 64.3.1 , a statement advising of the availability of an acceptable 
extension cord and the importance of using such a cord included in the operating and installation 
instructions is an acceptable alternative to the marking on the product. When the extension cord is not 
furnished by the manufacturer with the product. the instructions shall specify the type, electrical rating, and 
maximum length of the extension cord to be used with the product. 

67.4 Instructions shall be provided with a product that is intended to be secured in place to indicate when 
it is necessary to fasten equipment to a floor or other part of a building in order to obtain proper stability. 

67 .5 A statement equivalent to that required in 6 4.2.3 shall also be included in the operating and 
installation instructions. 

67 .6 A product provided with a 2-blade polarized attachment plug shall be provided with the following 
instructions or the equivalent: This appliance has a polarized plug (one blade is wider than the other). This 
plug will fit in a polarized outlet only one way. If the plug does not fit fully in the outlet, reverse the plug. If it 
still does not fit, contact a qualified electrician to install the proper outlet. Do not change the plug in any 
way. 

67.7 A product intended for use with a duty cycle as described in 46.1.7 shall indicate the duty cycle in 
the operating instructions. 

67 .8 Deleted 

67 .9 For linear pumps intended to aerate septic tanks, fishponds, and similar applications, the 
installation instructions shall contain a statement regarding the installation of the pump above the water 
level. 

67 .10 A nitrogen generator shall be provided with installation and maintenance instructions that includes 
the following items: 

a) Detailed instructions for properly installing the unit. 

b) If the air compressor is provided separately, detailed instructions for properly connecting the air 
compressor to the nitrogen generator unit. 

c) Detailed instructions for maintaining the unit including maintenance required to maintain the 
desired level of nitrogen within the system. 

d) Reference to the need for proper ventilation and installation in accordance with OSHA 
regulations to avoid an excessive concentration of oxygen in an area. 

68 User-Maintenance Instructions 

68.1 User-maintenance instructions shall include: 

a) Instructions for cleaning and user maintenance operations recommended by the manufacturer, 
such as lubrication or nonlubrication; and a statement to the user that any other servicing should be 
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performed by an authorized service representative or that the product has no user serviceable 
parts. 

b) For a product employing an automatically reset thermal limiter, which shuts off the entire 
product. instructions to the user of what to expect in the event the thermal limiter operates. 

c) Specific instructions for the proper method of cord storage, total product storage, and the like 
when the product is not in use; and for cord care while in use (such as for hand-supported 
products, untwisting, or the like). 

69 Grounding Instructions 

69.1 The grounding instructions shall include those instructions in (a) - (e) applicable to the product. The 
applicable instructions in (a) - (e) are able to be included in the operating instructions. See 66.2 and 66.3. 

Exception: For high -pressure paint spraying products, the applicable grounding instrnctions in (a) - (e) 
shall be provided in the important safety instructions specified in Important Safety /nstrnctions. Section 
SA16. 

a) For all grounded, cord-connected products: 

GROUNDING INSTRUCTIONS 

This product must be grounded. In the event of an electrical short circuit, grounding reduces the 
risk of electric shock by providing an escape wire for the electric current. This product is equipped 
with a cord having a grounding wire with an appropriate grounding plug. The plug must be plugged 
into an outlet that is properly installed and grounded in accordance with all local codes and 
ordinances. 

WARNING - Improper installation of the grounding plug is able to result in a risk of electric shock. 
When repair or replacement of the cord or plug is required, do not connect the grounding wire to 
either flat blade terminal. The wire with insulation having an outer surface that is green with or 
without yellow stripes is the grounding wire. 

Substitution of the signal word "DANGER" for 'WARNING- is not prohibited when the risk 
associated with the product is such that a situation exists which if not avoided will result in death or 
serious injury. 

Check with a qualified electrician or serviceman when the grounding instructions are not 
completely understood, or when in doubt as to whether the product is properly grounded. Do not 
modify the plug provided; if it does not fit the outlet, have the proper outlet installed by a qualified 
electrician. 

b) For a grounded, cord-connected product rated less than 15 A and intended for use on a nominal 
120-V supply circuit. the instructions in either (1) or (2): 

1) This product is for use on a nominal 120-V circuit, and has a grounding plug similar to the 
plug illustrated in sketch A in Figure 69.1. A temporary adapter similar to the adapter 
illustrated in sketches B and C may be used to connect this plug to a 2-pole receptacle as 
shown in sketch B when a properly grounded outlet is not available. The temporary adapter 
shall be used only until a properly grounded outlet (sketch A) is installed by a qualified 
electrician. The green colored rigid ear, lug, or similar part extending from the adapter must 
be connected to a permanent ground such as a properly grounded outlet box cover. 
Whenever the adapter is used. ii must be held in place by a metal screw. 

ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 1
45

0 2
02

5

https://ulnorm.com/api/?name=UL 1450 2025.pdf


78 UL 1450 APRIL 16, 2025 

2) Th is p roduct is for u s e  on a n omin al 120 -V ci rcu it an d h as a groun din g plug si milar to the 
plug i llu s t rated in sketch A in Figu re 69.1 . On ly connect th e product to  an ou tlet h aving the 
s ame configu ration as the plug. Do not use an adapter with this produ ct. 

Exception: A high -pressure airless paint sprayer. as defined in 2. 7, shall have the 
instructions specified in (2). An adapter shall not be used for a high- pressure airless paint 
sprayer. 

c) For all other grou n ded, cord-connected p roducts: 

Thi s p roduct i s  for use on a circu i t  h aving a n omin al ratin g  more th an 120 V (or "This p roduct is 
rated more than 15 A and is for use on a ci rcu it h aving a n omin al rati ng  of 120 \/") an d is factor y­
equ ipped w ith a sp ecific el ectric cord and plug for connection to a p roper electric circuit. On ly 
connect th e product to an ou tlet h aving the s ame confi gu ration as the p lu g. Do not u s e  an adapter 
with this p roduct. When th e produ ct mu s t  be reconnected for use on a differen t type of electric 
circui t ,  th e reconn ection shall be made by qu alified service p ersonn el. 

d) For a permanently connected produ ct: 

GROUNDING INSTRUCTIONS 

Thi s p roduct mu s t  be connected t o  a groun ded, metallic, perman ent w irin g sys tem, or an 
equ ipment- groundin g  termin al or lead on th e p roduct. 

e) Extens ion Cords: 

Use only  a 3-w ire extens ion cord that h as a 3 - bl ade groun din g p lu g, an d a 3 - s lot recep tacle that 
accept s  th e p lu g  on the p roduct. Make sure your exten sion cord i s  not damaged. When u si ng  an 
extens ion cord, be sure to  u s e  on e h eavy en ou gh to  carry the current you r  product draws. For 
length s l ess th an _ ft, _ AWG exten sion cords sh all be used. An u n dersized cord resu lts in a 
drop i n  li n e  voltage an d loss of power and overh eatin g. (NOTE: Table 69.1 sh ows th e correct s ize  
to  u s e  dep ending on  cord len gth and namep late ampere rating. When in dou bt, u s e  th e n ext 
heavier gauge. Th e s maller the gau ge number, th e h eavi er th e cord.) 

Exception: A 2 -conductor or 3 -conductor extension cord may be used for a double -insulated or 2-
wire product. 

AA200 
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Table 69.1 
Minimum gauge for extension cords 

I Voltage Length of cord in ft 

�::��
e 

I 120V 25 ft 50 ft 100 ft 150 ft 200 ft 250 ft 300ft 400ft 500ft 
Range I 240V 50 ft 100 ft 200 ft 300ft 400 ft 500 ft 600ft 800ft 1000 ft 
0 - 2  1 8  18  18 1 6  1 6  1 4  14 12 12 

2 - 3  1 8  18  1 6  14 14 12 12 10 10 

3 - 4  18 18  1 6  14 12 12 10 10 8 

4 - 5  1 8  1 8  1 4  1 2  12 10 10 8 8 

5 - 6  1 8  1 6  14 12 10 10 8 8 6 

6 - 8  18 16  12  1 0  1 0  8 6 6 6 

8 - 10 18 14 12 10 8 8 6 6 4 

1 0 - 12 16 14 10 8 8 6 6 4 4 

1 2 - 14 16 12 10 8 6 6 6 4 2 

1 4 - 16 16 12 10 8 6 6 4 4 2 

1 6 - 18 14 12 8 8 6 4 4 2 2 

1 8 - 20 14 12 8 6 6 4 4 2 2 

70 Double-Insulation Instructions 

70.1 T he instructions for a double-insulated, cord-connected product shall include the following, or the 
following may be included in the user-maintenance instructions: 

SERVICING OF A DOUBLE-INSULATED PRODUCT 

In a double-insulated product, two systems of insulation are provided instead of grounding. No 
grounding means is provided on a double-insulated product. nor should a means for grounding be 
added to the product. Servicing of a double-insulated product requires extreme care and 
knowledge of the system, and should be done only by qualified service personnel. Replacement 
parts for a double-insulated product must be identical to those parts in the product. 

A double-insulated product is marked with the words "DOUBLE INSULATION" or "DOUBLE 
INSULATED." T he symbol 

may also be marked on the product. 

BATTERY-OPERATED PRODUCTS 

71 Scope 

Section 71 reinstated from revisions dated August 21 ,  2019 

71.1 T hese requirements cover battery-operated products. Such a product shall comply with the 
requirements in Sections 1 - � and §. 9.6 - 9.10, and Sections 1Q. 1.4 - �. �- �- and � - �­
supplemented, and in some cases amended by Sections ?1. and U-
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72 Construction 

Section 72 reinstated from revisions dated August 21. 2019 

72.1 The battery of a battery-operated product shall be encased or enclosed to resist breakage of the 
battery case and reduce the risk of explosion. 

72.2 A lead for a battery shall have ampacity acceptable for the application. It shall be resistant to acids 
and alkalies depending upon the type battery employed, and shall be able to withstand flexing, handling, 
and impact at temperatures between 54°C (129°F) and minus 35°C (minus 31° F). The minimum insulation 
thickness shall be as specified in Table 72.1. 

Table 72.1 
Thickness of battery-lead insulation 

Conductor size Thickness of insulation 

AWG (mm2} In (mm) 

8 - 2  (8.4 - 33.6) 1/16 (1.6) 

1 - 410 (53.5 - 107.2) 5164 (2.0) 

72.3 A battery-operated product shall be equipped with a battery connector or the like located so as to 
have the same degree of protection required by U-

72.4 The connector mentioned in 72.3 shall be permanently secured either to the product or to the 
battery enclosure. The length of cable attached to the plug that fits into the connector shall not be so short 
that it interferes with the disconnecting operation or places stress on terminals. 

72.5 Live parts shall be recessed from the face of a connector to reduce the likelihood of short circuiting. 

72.6 A battery connector shall be rated or evaluated for use in the application. 

72.7 The removable portion of a connector shall be provided with means for being grasped to permit 
removal. 

72.8 If pressure may build up or if the accumulation of an explosive hydrogen-air mixture is possible in a 
lead-acid battery compartment, the battery compartment shall be vented. 

72.9 Cells employing metal containers. such as alkaline batteries, shall be insulated from each other and 
from a metal tray or metal battery compartment. Insulation of wood or other material shall be: 

a) Treated or painted to reduce deterioration by the battery electrolyte, unless it is inherently 
resistant to such deterioration; and 

b) Constructed to withstand the effects of operation and maintenance of the product. 

72.1 0 The cells shall be connected so that the nominal potential between any two adjacent cells will be 
not more than 24 V. 

72.1 1 Movement of a battery within a product is not acceptable if such movement may cause a risk of fire 
or electric shock. 

ULN
ORM.C

OM : C
lick

 to
 vi

ew
 th

e f
ull

 PDF of
 U

L 1
45

0 2
02

5

https://ulnorm.com/api/?name=UL 1450 2025.pdf


APRIL 16, 2025 UL 1450 81 

73 Performance 

Section 73 reinstated from revisions dated August 21 ,  2019 

73.1 The horizontal top surface of a metal enclosure for lead-acid batteries shall have strength and 
rigidity so that. in conjunction with an air spacing provided between it and the battery terminals. the battery 
terminals will not be short-circuited when a force of 250 lb (1100 N) is applied to the top surface. In lieu of 
the spacing, insulation to reduce the likelihood of short-circuiting of the battery terminals may be provided 
as part of the enclosure or secured to the inner surface of an enclosure. 

73.2 With reference to the requirement in 73.1 , the 250-lb (1100-N) force is to be applied through a 13-
1/2 in (343 mm) diameter rigid plate, regardless of the area of the cover. 

73.3 A battery-operated product shall withstand without breakdown for 1 min the application of a 60
-
Hz 

essentially sinusoidal potential of 240 V between current-carrying parts and accessible dead metal parts 
with the product at the temperature reached during the temperature test. 

73.4 To determine whether a battery-operated product complies with the requirement in 73.3 , it is to be 
tested as described in 48.3. 
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No Text on This Page 
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SUPPLEMENT SA - HIGH-PRESSURE PAINT SPRAYING PRODUCTS 

INTRODUCTION 

SA1 Scope 

83 

SA 1.1 This Supplement covers high-pressure airless paint sprayers. This Supplement also covers hand­
held high-pressure paint sprayers in the applicable requirements in Sections SA4, SAS, SA6 , SA7, SA8, 
SA9. SA12, SA13 . SA14, SA15. and SA16. The requirements in this Supplement are in addition to the 
requirements in Sections 1 - U 

CONSTRUCTION 

SA2 General 

SA2.1 All arcing parts in a high-pressure airless paint sprayer pump assembly shall be enclosed. 

Exception No. 1: When a high-pressure airless paint sprayer is intended for use with only water-based 
spraying and cleaning materials and marked in accordance with Exception No. 1 to SA13.6, this 
requirement does not apply. 

Exception No. 2: When a high- pressure airless paint sprayer is intended for use with spraying and 
cleaning materials with a flashpoint of 38°C (100°F) or higher (for example, mineral spirits) and is marked 
in accordance with Exception No. 2 to SA 13.6, this requirement does not apply. 

SA2.2 A high-pressure airless paint sprayer shall be provided with grounding and shall not be a double­
insulated product. 

SA2.3 A part of a high-pressure airless paint sprayer that is subject to liquid pressure during normal or 
anticipated abnormal operation shall be tested in accordance with Parts Subject to Pressure. Section 36.2. 
based upon four times. rather than five times. the maximum developable pressure of the system as 
measured on three as-received high-pressure paint spraying products. The pressure is to be determined: 

a) At the discharge while continuously spraying water with the unit's controls set at the maximum 
levels with the most severe spray tip configuration as specified by the manufacturer, or 

b) With the outlet at the pump blocked. 

There shall not be rupture of internal pressurized parts and there shall not be leakage from an unintended 
path or rupture of the spray gun assembly as a result of the test. 

SA2.4 A high-pressure airless paint sprayer shall be provided with a manually operated valve or similar 
device that allows for the release of pressure within the system. 

SA3 Hoses 

SA3.1 General 

SA3.1.1 A high-pressure airless paint sprayer shall be provided with a hose assembly having a minimum 
length of 25 ft (7.62 m). 

Exception: A minimum length of hose is not required for a high-pressure airless paint sprayer if it: 

a) Complies with Paint Entry Test, Section §AL 

b) Employs a pump assembly complying with the requirements for hazardous locations in 
accordance with the Standard for Nonincendive Electrical Equipment for Use in Class I and II, 
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Division 2, and Class ff/, Divisions 1 and 2 Hazardous (Classified) Loc ations, ANSIIISA-12.12.01-
2000, or 

c) Is intended for use with only water-based spraying and cleaning m aterials and m arked in 
accordance with Exception No. 1 to SA13.6. 

SA3.1.2 The hose shall have the appropriate flexibility, durability, and strength for the intended 
application. A hose shall be provided with a hose guard at each end of the hose. 

SA3.1.3 The materials employed in a hose shall comply with Solvent Exposure Tests, Section SA 10.11, 
when exposed to the paints and solvents specified by the manufacturer for the high-pressure airless paint 
sprayer in the operating instructions. 

SA3.1.4 The hose shall comply with Hose Tests, Section SA 10, and shall be marked in accordance with 
Details, Section SA 12. 

SA3.2 Electrical bonding 

SA3.2. 1 A hose, hose assembly, and spray gun assembly shall be constructed to provide electrical 
bonding to dissipate static electricity from the tip of the spray gun through the spray gun assembly and the 
couplings at the ends of the hose to the pump assembly. The spray gun assembly shall also provide an 
external means to dissipate static electricity during the cleaning process when spraying into a metal 
container. 

SA3.2.2 A hose assembly shall have metallic couplings. 

PROTECTION AGAINST INJURY TO PERSONS 

SA4 Trigger Guard 

SA4.1 The spray gun of a high-pressure paint spraying product shall be provided with a trigger guard to 
reduce the risk of inadvertent operation of the trigger. See Figure SA4.1 for an example. A paint reservoir 
that reduces the risk of inadvertent operation of the trigger on a hand-held high-pressure paint sprayer 
meets the intent of this requirement. 
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