
ARTICLE 425-FIXED RESISTANCE AND ELECTRODE INDUSTRIAL PROCESS HEATING EQUIPMENT 425.19 

ARTICLE425 

Fixed Resistance and Electrode Industrial 

Process Heating Equipment 

Part I. General 

425.1 Scope. This article covers fixed indusa-ial process heat­

ing employing electric resistance or eleca-ode heating technol­

ogy. Fo1- the purpo se of this articl e, heatin g equipment include s 
boiler s, eleca-ode boiler s, duct heater s, sa-ip heater s, immer ­

sion heater s, proce ss air heater s, or other fixed electric equ ip­

ment used for indu stria l process heating . This article does not 
apply to heating and room air conditioning for perso nnel 

spaces covered by Article 424, fixed heating equipment for 

pipelines and vesse ls covered by Article 427, indu c tion and 
dielectric heatin g equipment covered by Article 665, industrial 

furnace s incorp orating silicon car bide , molybdenum , or graph ­
ite p1-ocess heating elements, and electric resistance 01· ele c­

trode heating technology covered by 424 .90. 

425.2 Other Articles. Fixed indu str ial pro cess heatin g equ ip­

ment incorporating a h ermeti c refr igerant motor -compressor 
shall also comply with Article 440 . Fixed indu sa-ial pro cess 

heating equipment incorporating moto rs shall also compl y 

with Article 430 . 

425.4 Branch Circuits. 

(A) Branch-Circuit Requirements. An indi vidual bran ch 

circuit shall be permitted to suppl y any volt-ampere or wattage 
rating of fixed indu su-ial pro cess heatin g equipment for which 

the bra nch circuit is rated . 

(B) Branch-Circuit Sizing. Fixed indu str ial process heating 

equipment and motors shall be cons idered con tinuou s loads . 

425.6 Listed Equipment. Fixed indu sa-ial process heating 

equipm ent shall be listed . 

Part II. Installation 

425.8 General. 

(A) Location. Fixed indusa-ial proce ss heating equipment 

shall be access ible . 

(B) Working Space. Working space about elecu-ical enclosures 

for fixed indu sa-ial process heating equipment that require 
exam ination , adjustment, serv icing, or maintenance whil e 

energized shall be access ible , and the work space for perso nnel 

shall comply with 110.2 6 and 110.34, based upon the utili zation 

voltage to gro1md . 

Excef>tion: With special permission, in industrial establishments onl)•, 

where conditions of maintenance and supervision ensure that only 

qualified persons will service the installation , working space less than 

that required in 110. 26 or 110.34 shall be permitted. 

(C) Above Grade Level , Floor, or Work Platform. V\There the 

enclos ure is located above grade, the or a wo1·k platfo1-m, 
all of the following shall apply: 

(1) 

(2) 
The enclosure sha ll be access ible . 
The width of th e wor king space shall be the width of the 

enclosure or a minimum of762 mm (30 in. ), whichever is 

greater . 
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(3) The depth of the workspace shall compl y with 110.26 (A) 

01- 110. 34 based upon the voltage to ground . 
(4) All doors or hin ged panels shall open to at least 

90 degrees . 

425.10 Special Permission. Fixed indusu-ia l process heating 

equipment and systems installed by methods other th an 

covered by this article shall be perm itted only by specia l 

permission. 

425.11 Supply Conductors. Fixed industrial process heating 

equipment requiring suppl y conductors with over 60°C insula­

tion sha ll be clearl y and permanently marked. This markin g 
shall be plainl y visible after installation and shall be perm itted 

to be adjacent to the field connection box. 

425.12 Locations. 

(A) Exposed to Physical Damage. Where to physica l 

damage, fixed indu su-ial pro cess heating equipment shall be 

protected in an approved manner. 

(B) Damp or Wet Locations. Fixed indu str ial process heatin g 

equipm en t installed in damp or wet location s shall be listed fo r 

such location s and shall be constn1cted and insta lled so that 
water or other liquid s cannot enter or accumulate in o r on 

wired sec tion s, electrical componen ts, or duct wor k. 

I nformational Note: See 110.11 for equ ipment exposed to dete ­

riorating · agents. 

425.13 Spacing from Combustible Materials. Fixed industrial 

process heating equ ipm e nt sha ll be insta lled to provide the 

required spac ing between the equipment and adjacent 

combustible material, unl ess it is listed to be installed in direct 
contact with co mbu stible material. 

425.14 Infrared Lamp Industrial Heating Equipment. In 

industt·ia l occupancies, infrared industri al process heating 
equipment lamphold e rs sha ll be permitted to be operated in 

ser ies on circuit5 of over 150 volts to gro und, provided the volt­

age rating of th e lamphold e rs is not less than the circu it volt­

age. 

Each sect ion , pane l, or su-ip carrying a number of infr a red 

lamphold ers, includin g th e term inal wirin g of such sect ion, 
panel, or su·ip, shall be considered as infrared indusu·ial heat­

ing equipment. The terminal connec tion block of eac h assem­

bly sha ll be considered an ind ividual outlet . 

Part III. Control and Protection of Fixed Industrial Process 

Heating Equipment 

425.19 Disconnecting Means. Means sha ll be provided to 

simult aneo usly disconnect th e heate r, motor co na-o ller(s), and 

suppl eme ntar y overcmr ent protecti ve device(s) of al l fixed 

indu str ial process heatin g equ ipment from all un grou nded 

conducto rs. V\There h eating equ ipment is supp lied by more 
than one source, or branch c ircuit , the di sconne ctin g 

means shall be grouped and identified as having multiple 

disconnecting means. Each disconnecting means shall simulta­

neou sly disconnect all ungrounded condu ctors that it con trols. 

The disconnecting mean s spec ified in 425 .19(A) and (B) shall 

have an ampe1-e rati ng not less than 125 percent of the tota l 
load of the motor s and the heaters and shall be capa ble of 

being locked in the open position in comp lian ce with 110.25. 
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425.19 ARTICLE 425- FIXED RESISTANC E AND ELECTRODE INDUSTRIAL PRO CESS HEATING EQUIPMENT 

(A) Heating Equipment with Supplementary O vercurrent 

Protection. The disconnecting means for fixed indu str ial proc­

ess heating equipment with supplementar y overcurrent protec­

tion sha ll be within sight from the supplementary overcurrent 

protective device(s), on the supply side of these devices, if 
fose s, and, in addition, shall comply with either 425 .19(A)(l) 

or (A) (2) . 

(1) Heater Containing No Motor Rated over Ys Horsepower. 

The disconnecting means spec ified in 425 .19 or unit switches 

complying with 425 .19( C) sha ll be permitted to serve as the 

required disconnecting means for both the motor controller(s) 

and heat er under either of the following conditions: 

(1) The disconnecting means provided is also within sight 

from the motor conu·oller(s) and the heater . 

(2) The disconnecting means is capa ble of bein g locked in 

the open position in compliance with 110.2 5. 

(2) Heater Containing a Motor(s) Rat ed over Ys Horsepower . 

The disconnecting means required by 425 .19(A)(l) sha ll be 

permitted to serve as the required disconnecting means for 

both the motor conu·o ller( s) and heater unde1· either of the 

following condit ions: 

(1) The disconnecting means is in sight from the motor 

contro ller( s) and the heater and comp lies with Part IX of 

Article 430 . 

(2) Motor(s) of more than Ya hp and the heater are provided 

with disconnecting means . The disconnecting means 

shal l be permitted to be out of sight from the motor 

controller and sha ll be capa ble of being locked in the 

open position in comp lianc e with 110.2 5 . 

(B) Heating Equipment Without Supplementary O verc urrent 
Protection. 

(1) Without Motor or with Motor Not over Ya Horsepow er. For 

fixed industrial process heating equipment without a motor 

rated over Ya hp, the branch -circuit switch or circuit breaker 

shal l be permitted to serve as the disconnecting means where 

the switch or circuit breaker is within sight from the heater, 

shal l be permitted to be out of sight from the motor controller, 

and shall be capab le of be ing locked in the open position in 

co mpliance with 110.25. 

(2) O ver Ys Hors ep ower. For motor-driven fixed industrial 

process heating equipment with a motor rated over Ya hp, a 

disconnecting means shal l be located within sight from the 

motor conu·o ller or s hall be permitted to be out of sight from 

the motor conu·oller and shall be capab le of being locked in 

the open position in comp lian ce with 110.25. 

(C) Unit Switch(es) as Disconnecting Means. A unit switch(es) 

with a marked "off" position that is part of a fixed heater and 

disconnects all ungrounded conductors sha ll be permitted as 

the disconnecting means required by this article . Th e branch 

circuit switch or circuit breaker, where readily accessible for 

servic ing of the fixed heater, shall be permitted as the other 

disconnecting means . 

425.21 Switch and Circuit Breaker to Be Indicating. Switches 

and circuit break ers used as disconnecting mean s sha ll be of 

the indicating type . 

425.22 

(A) Branch-Circuit Devices. Fixed indu str ial process heating 

equipment other than such motor-operated equipment as 
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required by Articles 430 and 440 to have addit ional overcurrent 

protection sha ll be permitted to be protected against overctll"­

rent where supplied by one of the branch circuits in Arti­

cle 210 . 

(B) Resistance Elements. Resista nce-type heating elements in 

fixed indu su·ial process heating equ ipment shall be protected 

at not more than 60 amperes . Equipment rated more than 

48 amperes and employing suc h e lements shall have the heat ­

ing elements subdivided , and each subdivided load shall not 

exceed 48 amperes . 

Re sistance-type heating elements in fixed indu stria l proc ess 

heating equipment sha ll be permitted to be subd ivided into 

circuit5 not exceeding 120 amperes and protected at not more 

than 150 amperes where one of the following is met: 

(1) Elements are inte gral with and enclosed within a process 

heating surface . 

(2) Elemen ts are completely contained withi n an enclosure 

identified as suitable for this use. 

(3) Element5 are co ntain ed with in an ASME-rated and 

stamped vesse l. 

V\There a subdivided load is less than 48 amperes, the rating 

of the supplementary overcurrent protective dev ice shall 

comply with 425.4(B) . A boiler emp loying res istance -type 

immer sion heating elements contained in an ASME-rated and 

stamped vesse l sha ll be permitted to comply with 425 .72(A) . 

(C) Overcurrent Protective Devices. The supplem e ntary over­

current protective devices for the subdivided load s spec ified in 

425 .22(B) shal l be (1) factmy insta lled within or on the heater 

enclosure or supplied for use with the heater as a separate 

a5sembly by the heater manufacturer ; (2) accessible, but shall 

not be required to be readily accessib le; and (3) suitable for 

branch-circuit protection . 

Informational Nore No. 1: See 240.10. Where cartridge fuses are 
used ro provide this overcurrenr protection, a sing le disconnect­

ing mea ns shall be perm itted ro be used for the severa l subdivi­
ded loads. 

Inform ationa l Nore No. 2: For supplementary over currenr 
protection , see 240.10. 

Informational Nore No. 3: disco nnecting means for cartr idge 
fi.tses in circuirs of any voltage, see 240.40. 

(D) Supplying Supplementary Overcurr ent Protective Devices. 

The conductors supp lyin g the supp leme ntary overcurrent 

protective devices shall be co nsidered branch -circu it conduc­

tors . 

\/\There the heaters are rated 50 kW or more , the conductors 

supplying the supplementa ry overcurrent protective dev ices 

specified in 425 .22(C) s hall be permitted to be sized at not less 

than 100 percent of the nameplate ratin g of the heater, provi­

ded all of the following condi tions are met: 

(1) The heater is marked with a minimum conductor size . 

(2) The conductors are not smaller than the marked mini ­

mum size. 

(3) A temperature-actuated device co ntrols the cyclic opera-

tion of the equipment. 

(E) Conductors for Subdivided Loads. Field -wired conductors 

between the heater and the supp lement ary overcurrent prot ec­

tive devices for fixed industr ial process heati ng equipment shall 

be sized at not less than 125 percent of the load served. The 

supplementary overcurrent protective devices spec ified in 
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ARTICLE 425-FIXED RESISTANCE AND ELECTRODE INDUSTRIAL PROCESS HEATING EQUIPMENT 425.72 

425.22(C) sha ll protect these conductors in accordance with 
240.4 . Where the heatei-s are rated 50 kW or more, the ampac­

ity of field-wired conductors between the heater and the 

supp lementar y overcurrent protective devices sha ll be permit­

ted to be not less than 100 percent of the load of their respec­

tive subd ivided circu its, provided all of the following conditions 

are met: 

(1) The heater is marked with a minimum conductor size . 

(2) The conductors are not smaller than the marked mini­
mum size. 

(3) A temperature-activated device controls the cyclic opera­

tion of the equipment. 

Part IV. Marking of H eating Equipment 

425. 28 Nameplate. 

(A) Marking Required. Fixed industrial process heat ing equ ip­

ment shall be provided with a nameplate identifyin g the manu­
facturei- and the rating in volts and watts or in volts and 

amperes . 

Fixed indu stria l process heating equipment intend ed for use 

on alternating current only, direct current only, or both shall 
be marked to so indi cate . The marking of equipment consist­

ing of motors over Ya hp and other loads shal l specify the rating 

of the motor in volts, amperes, and frequency and the heating 
load in volts and watts or in volts and amperes . 

(B) Locatio n. Thi s nameplate shall be located so as to be 

permanent and shall be visible or accessible after installation . 

425 .29 Marking of Heating Elements. All heating elements 

that are replaceable in the field and are part of industrial proc­

ess heating equipment shall be legib ly ma1·ked with the ratings 
in volts and watts or in volts and amperes . 

425.45 Concealed Fixed Industrial Heating Equipment -

Insp ectio n. Concea led fixed industrial heating equipment 

insta llation s shall be made with due care to prevent damage to 

the heating equipment and sha ll be inspected and approved 
befoi-e heating equipm ent is covei-ed or concealed . 

Part V. Fixed Industrial Process Duct Heate rs 

425.57 General. Part V sha ll apply to any heater mounted in 

the airstream of a forced-air system where the air-moving unit is 

not provided as an inte gral part of the equipment . 

425.58 Identification. Heater s insta lled in an air duct sha ll be 

identified as suita ble for the insta llation. 

425.59 Airflow. Means sha ll be provided to ensure uniform 
airflow over the face of the heater in accordance with the 

manufacntrer's instructions . 

Informational Note: Some heaters installed within 1.2 m (4 ft) 

of the outlet of an air-moving device , elbows, baffle plates , or 
other obstructions in ductwork use turning vanes, pressure 

plates, or other devices on the inlec side of che duce heater to 
ensure an even distribution of air over tl1e face of tl1e hearer. 

425.60 Elevated Inlet Temperature. Duct heaters int ended for 

use with e levated inlet air tempernture sha ll be identified as 
su itable for use at the elevated temperatures . 
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425.63 Fan Circuit Interlock . Means shall be provided to 

ensure that the fan circuit, where present, is ene rgized when 
any heater circu it is energized . However , time- or temperature­

controlled delay in energizing the fan moto r sha ll be permit­

ted . 

425. 64 Limi t Controls. Each duct heater sha ll be provided 

with an integral, au to mati c-reset temperantre-lim iting contro l 

01- contro ller s to de-energ ize the circ uit or circuits . In addition, 

an integral independent supp lem enta ry co ntrol or contro ller s 

shall be provided in each duct heater that disconnects a suffi­
cient number of conductoi-s to interrupt heating ele ment 

current flow. This device shall be manually resettable or 

replaceable . 

425.65 Location of Disconn ec ting Means. Duct heater contro l­
ler equipment sha ll be e ither accessib le with the disconnecting 

means installed at or with in sight from the contro ller or as 

permitted by 425. l 9(A). 

Part VI. Fixed Industrial Process Resistance-Type Boilers 

425.70 Scope. The provis ions in Pa rt VI of this article shall 

apply to boilers emp loying res istance-type heating elements . 

Electrode-type boilers shal l not be cons idered as emp loying 
resistance-type heating elements . See Part VII of this article . 

425.71 Identification. Resistance-type boilers shall be identi­

fied as suitable for the insta llation . 

425 .72 Overcurrent Protection. 

(A) Boiler Employing Resistance-Type Immersion Heating 
Elements in an ASME-Rated and Stamped Vessel. A boiler 

employing resistance-type immer sion heatin g elements 

conta ined in an ASME-rated and stamped vesse l shall have the 

heating elements protected at not more than 150 amperes . 
Such a boiler rated more than 120 amperes shall have the heat ­

ing elements subdi vided into loads not exceed ing 120 ampere s. 

Where a subdiv ided load is less than 120 amperes, the rating of 
the overcurren t protect ive device sha ll comp ly with 425.4(B) . 

(B) Boiler Employing Resistance-Type Heating Elements Rated 
More Than 48 Amperes and Not Contained in an ASME-Rated 

and Stamped Vessel. A boiler employing res ista nce-type heat ­

ing elements not conta ined in an ASME-rated and stamped 

vessel sha ll have the heating e lements protected at not more 
than 60 amperes . Such a bo iler rated more than 48 amperes 

sha ll have the heating e leme n ts subdivided into loads not 

exceed ing 48 amperes . Where a subdiv ided load is less than 
48 amperes, the rating of the overcurrent protective device 

shall comp ly with 425.4(B) . 

(C) Supplementary Overcurrent Protective Devices. The 

supp lementary overcurrent protective devices for the subdivi­

ded load s as required by 425 .72(A ) and (B) shall be as follows: 

(1) Factory- insta lled within or on the boiler enclosure or 

provided as a separate assemb ly by the boiler manufac­

turer . 

(2) Accessible, but need not be readily accessib le . 

(D) Suitable for Branch-Circuit Protection. Where cartr idge 

fuses are used to provide this ove i-cm-rent protection, a single 
disconnecting means sha ll be perm itted for the several subdivi ­

ded circu its. See 240.40 . 
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425.72 ARTICLE 425- FIXED RESISTANC E AND ELECTRODE INDUSTRIAL PRO CESS HEATING EQUIPMENT 

(E) Cond uctors Supplying Supplementary Overcurrent Protec ­

tive Devices. The conducto1-s suppl ying these supplemental) ' 
overcurrent protective devices sha ll be considered bran ch­

circuit cond u ctors . V\There the heaters are rated 50 k\i\T or more, 

the cond uctors supplying the ove1-cm-rent protective device 
speci fied in 424.72(C) shall be permitted to be sized at not less 

than 100 percent of the nameplate rating of the heater, provi­

ded all of the following conditions are met: 

( 1) The heater is marked with a minimum conductor size . 
(2) The cond uctor s are not smaller than the marked mini­

mum size . 

(3) A temperature- or pressure-actuated device controls the 

cyclic operation of the equipment . 

(F) Con d uctors for Subdivided Loads. Field-wired conductors 

between the heater and the supplementa1 y overc urrent protec­

tive device s shall be sized at not less than 125 percent of the 
load served . The supplementar y overcurrent protecti ve devices 

spec ified in 425 .72(C) sha ll protect these conductors in accord­
ance with 240.4. Whe1-e the heaters are rated 50 kW or more, 

the ampacity of field -wired conductors between the heater and 

the supp lementar y overcurrent protective devices shal l be 

permitted to be not less than 100 percent of the load of their 

respective subdivided circuits, provided all of the following 

conditions are met: 

(1) The heater is marked with a minimum cond uctor size . 

(2) The conductors are not smaller than the marked mini­

mum size. 

(3) A temperamre-activated device contro ls the cyclic opera-

tion of the equipment. 

425.73 Overtemperature Limit Control. Each boiler designed 
so d1at in normal operation there is no change in state of the 

heat transfer medium shall be equipped with a temperan1re­
sens itive limiting means. It shall be install ed to limit maximum 

liquid temperamre and sha ll directly or indirectl y disconnect 

all ungrounded conductors to the heating elements . Such 

means sha ll be in addition to a temp eranll'e-1-egulating system 

and other devices protecting the tank against excessive pres­

sure . 

425.74 Overpressure Limit Contro l. Each boiler designed so 
that in normal operation there is a change in state of the heat 

transfer medium from liquid to vapor sha ll be equipped with a 
pressure-sensitive limiting means . It sha ll be insta lled to limit 

maximum pressure and shall direcdy or indirectly disconnect 

all ungrounded conductors to the heating elements . Such 

means sha ll be in addition to a pressure-regulating system and 

od1er devices prote cting the tank against excessive pressure . 

Part VII. Fixed Industrial Process Electrode-Type Boilers 

425.80 Scope . The provisions in Part VII of this article sha ll 

apply to boil ers for operation at 600 volts, nominal, or less, in 

wh ich heat is generated by the passage of current between elec­

trodes through the liquid being heated . 

425.8 1 I dentification. Electrode-type boilers shal l be identified 
as suitable for the instal lation . 

425.82 Branch -Circuit Requrrements . The size of bran ch­

circuit conducto1-s and overcurrent protective devices shall be 

calculated on the basis of 125 percent of the total load (motors 

not included ) . A con tac tor, relay, or other device, listed for 

continuous operation at 100 percent of its rating, shal l be 
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permitted to suppl y its full-rated load . See 210. l 9(A) (1 )(a), 

Exception No. 1. This sectio n shall not apply to conductors 
that form an integral part of an approved boil er. 

\!\There an electrode boiler is rated 50 kW or more , the 

conductors supp lying the boiler e lectrode(s) shall be permitted 
to be sized at not less than 100 percent of d1e nameplate rating 

of the elecu-ode boiler, provided all the following cond ition s 

are met: 

(1) The electrode boiler is marked with a min imum conduc­
tor size. 

(2) The cond uctor s are not smaller than the marked min i­

mum size. 

(3) A temperattu-e- or pressure-acniated switch controls the 

cyclic operation of the equipment. 

425 .83 Overtemperature Limit Contro l. Each boi ler, designed 

so that in normal operation there is no change in state of the 
heat transfer medium, shall be equ ipped with a temperanire­

sens itive limiting means . It shall be insta lled to limit maximum 

liquid temperature and shall directly or indirectly intetTupt all 
current flow through the electrodes . Such means s hall be in 

addition to the temperature regu lating system and other devi­

ces protecting tl1e tank against excessive pre ssu1-e. 

425.84 Overpressure Limit Contro l. Each boiler, designed so 

that in normal operation there is a change in state of the heat 

transfe1- medium from liquid to vapor, shall be equipped with a 
pressure-sensitive limiting mean s. It sha ll be installed to limit 

maximum pre ssure and shal l directl y or indirectl y interrupt a ll 
current flow th1-ough the electrodes . Such means shall be in 

addition to a pressure-regulating system and other devices 

protecting the tank against excessive pressure. 

425.85 Grounding. Boiler s designed such that fau lt currents 
do not pass through the pressure vesse l, and the pressw-e vesse l 

is elecu-ically isolated from the electrodes, all exposed non­

current-carrying metal parts, including the pressure vesse l, 

suppl y, and remrn con nect ing piping , shall be connected to 

the equipment grounding conductor . For all other designs, the 
p1-essure vessel conta ining the e lectrod es shall be iso lated and 

elecu-ically insulated from ground . 

425 .86 Markings. All electrode-type boiler s shall be marked to 

show the following: 

(1) The manufacnu-er's name . 

(2) The rnting in volts, amperes, and kilowatts . 

(3) The electrical su pply required spec ifying frequency, 

number of phases, and number of wires . 

(4) The marking "Electrode-Type Pro cess Heating Boi ler." 
(5) A warn ing marking, "All Power Supp lies Sha ll Be Disco n­

nected Before Servicing, Including Servicing the Pre ssure 
Vessel." 

A field-applied warning marking or label shall comp ly with 

110 .21 (B). The markings sha ll be permanent and located so as 

to be visible after installation . 
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ARTICLE 426-FIXED OUTDOOR ELECTRIC DEICING AND SNOW-MELTING EQUIPMENT 426.21 

ARTICLE426 

Fixed Outdoor Electric Deicing and Snow­

Melting Equipment 

Part I. General 

426.1 Scope . T his article covers fixed outdoor electric deicing 

and snow-melting equipment and the installation of these 

systems. 

(A) Embedded. Embedded in driveways, walks, ste ps, and 

other areas . 

(B) Exposed. Exposed on drainage systems, bridge structures, 
roofs, and other struct ures. 

Informational Note: For furcJ1er information , see ANSI/ IEEE 
515.1-2012, Standard for the Testing, Design, Installation and Mainte­

nance of Electrical Resistance Trace Heating for Commercial Applica­
tions. Also see applicable sections of the IEEE 844/ CSA 293 

series of standards for fixed outdoor elecO"ic deicing and snow­

melring equipmenL 

426.2 Definitions . The definition s in this section shall apply 
only within this article . 

Heating System. A complete system consisting of components 

such as heating elements, fasten ing devices, nonheating circuit 

wiring, leads, temperature controllers, safety signs, junction 
boxes, raceways, and fittings . 

Impedance Heating System. A system in which heat is gener­

ated in an object, such as a pipe, rod, or combination of such 

objects serv ing as a heating element, by causing cmrent to flow 

through such objects by direct connection to an ac voltage 

source from an isolating transfonner . In so me insta llation s the 
object is embedded in the surface to be heated or constitutes 

the exposed component to be heated . 

Resistance Heating Element. A specific separate element to 
generate heat that is embedded in or fastened to the surface to 

be heated . 

Informational Nore: Tubular hearers, str ip hearers, hearing 

cable , hearing tape , and hearing pane ls are examp les of resist­
ance heare rs. 

Skin-Effect Heating System. A system in which heat is gener­

ated on the inner surface of a ferromagneti c enve lop e embed­
ded in or fastened to the surface to be heated. 

Informational Nore: Typically, an e lectrical ly insulated conduc ­
tor is routed through and connected to the enve lope at the 

other end. The enve lope and the electr ically insulated conduc ­
tor are connected to an ac voltage source from an isolating 

O'ansformer. 

426.3 Application of Other Articles. Cord-and-plug-connected 
fixed outdoor electr ic deicing and snow-melting equipment 

intended for specific use and identified as suitable for this use 
shal l be instal led acco1-ding to Article 422 . 

426.4 Continuous Load. Fixed outdoor electric deicing and 

snow-me lting equipment sha ll be considered a continuous 

load. 
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Part II. Installation 

426.10 General. Equipment for outdoor eleco·ic deicing and 
snow melting shall be identified as suitab le for the enviro n­

ment and installed in accordance with the manufacturer's 

instruction s. 

426.11 Use. Electri c heating equipment shall be insta lled in 

such a manner as to be afforded protection from ph ysical 

damage . 

426.12 Thermal Protection. External surfaces of outdoor elec­

tric deicing and snow-melting equipment that operate at 

temperatures exceeding 60°C (140 °F) shall be physically guar­

ded, iso lated, or thermally insulated to pro tect against co ntact 

by personnel in the area . 

426.13 Identification. The presence of outdoor eleco-ic deic­

ing and snow-melting equipment shall be evident by the post­

ing of appropriate caution signs or markings where clearly 

visible . 

426.14 Speci al Permission. Fixed outdoor deicing and snow­

melting equipment employi ng method s of construction o r 

installation other than covered by this article shall be perm itted 

only by spec ial permission . 

Par t III. Resistance Heating Elements 

426.20 Embedded Deicing and Snow-Melting Equipm ent. 

(A) Watt Density. Panels or units shall not exceed 

1300 watts / m2 (120 watts / ft2
) of heated area . 

(B) Spacing. The spac ing between adjacent cab le runs is 

dependent upon the rating of the cable and shall be not less 

than 25 mm (1 in. ) on centers . 

(C) Cover. Units, panels, or cables shall be installed as follows: 

(1) On a substantial co ncrete, masonry , or asphalt at 

least 50 mm (2 in .) thick and have at least 38 mm 

(1 Y; in.) of concrete, masonry , or aspha lt app lied over the 
unit s, panels, 01- cab les; or 

(2) l11ey shal l be permitted to be installed over other iden ti­

fied bases and embedded within 90 mm (3Y; in. ) of 

concrete, masonry, or asphalt but not less than 38 mm 
( 1 Y; in. ) from the top surface; or 

(3) Equipment that has been listed for other forms of instal­
lation shall be installed only in the mann er for which it 

has been identified. 

(D) Secured. Cables, units , and panels shall be secured in 

place by frames or spreaders or other approved means while 

the concrete, masorn)', or asphalt finish is applied . 

(E) Expansion and Contraction. Cables, units, and pane ls shall 

not be instal led whe 1-e they bridge expansio n joint s unless 

provision is made for expa nsion and contrac tion . 

426.21 Exposed Deicing and Snow-Melting Equipment . 

(A) Secured. H eating element assemb lies shall be secu red to 

the surface being heated by identified means. 

(B) Overte mperatu re. Whe1-e the heating e lement is not in 

direct contact with the surfa ce being heated , the design of the 

heater assembly shall be such that its temperature limi tations 

sha ll not be exceeded. 
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426.21 ARTICLE 426-FIXED OUTDOOR ELECTRIC DEICING AND SNOW-MELTING EQUIPMENT 

(C) Expansion and Contraction. Heating elements and assem­

blie s sha ll not be installed where they bridge expansion joints 
unles s provision is made for expansion and contraction . 

(D) Flexural Capability. Where installed on flexible structures, 

the heating elements and assemblies shall have a flexural capa­
bility that is compatible with the structure . 

426.22 Installation of N onheating Leads for Embedded Equip­
ment. 

(A) Grounding Sheath or Braid. Exce pt as permitted under 

426 .22(B), nonheating lead s installed in concrete, masonry, or 

asphalt shall be provided with a grounding sheath or braid in 
accordance with 426 .27 or sha ll be enclosed in rigid metal 

conduit, electrical metallic tubing , intermediate metal conduit, 

or other metal raceways . 

(B) Splice Connections. The splice connection between the 

nonheating lead and heating element, within concrete, 

masonry, or asphalt, shal l be located no less than 25 mm (1 in. ) 
and no more than 150 mm (6 in.) from the metal raceway . The 

length of the nonheating lead from the metal raceway to the 

splice assembly shall be permitted to be provided without a 

grounding shea d1 or braid. Grounding continuity shall be 

maintained . 

(C) Bushings. Insulating bushings shall be used in the 
concrete, masonry, or asphalt where the lead s enter a metal 

raceway. 

(D) Expansion and Contraction. Leads shall be protected 111 

expansion joints in accordance wim 300.4( H) or insta lled in 

accordance wim me manufacturer 's insu·uction s. 

(E) Emerging from Grade. Expo sed nonheating leads shall be 

protected by raceways or omer identified mean s. 

(F) Leads injunction Boxes. Not less than 150 mm (6 in.) of 

free nonheating lead sha ll be within the junction box. 

426.23 Installation of Nonheating Leads for Exposed Equip­

ment. 

(A) Nonheating Leads . Power supp ly nonheating lead s (cold 
lead s) for resistance elements shall be identified for me 

temperature encountered . Not less than 150 mm (6 in .) of 

nonheating leads sha ll be provided within the junctio n box. 
Prea ssem bled factory-supplied and field-assembled nonheating 

leads on approved heaters shal l be permitted to be shortened if 

the markings spec ified in 426 .25 are retained . 

(B) Protection. Nonheating power supply lead s shall be 

enclosed in a rigid conduit, intermediate metal cond uit, electri­

cal metallic tubing, or other approved means . 

426.24 Electrical Connection. 

(A) Heating Element Connections. Electr ical connections, 

od1er than facto1-y connections of heating elements to nonheat­
ing elements embedded in concrete, masorn -y, or aspha lt or on 

exposed surface s, sha ll be made wid1 insulated connectors 

identifi ed for the use. 

(B) Circuit Connections. Splices and terminations at the end 

of me nonheating lead s, other man the heating element end, 

shall be installed in a box or fitting in accordance with 110.14 

and 300.15. 

426.25 Marking. Each factory-assembled heating unit shall be 

legib ly marked within 75 mm (3 in.) of eac h end of the 
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nonheating lead s with me permanent identification symbol, 

catalog munbe1·, and ratings in volts and watts or in volts and 
amperes . 

426.26 Corrosion Protection. Ferrou s and nonferrous metal 

raceways, cable armor, cable sheath s, boxe s, fittings, suppor ts, 
and support hardware shall be permitted to be installed in 

concrete or in direct contact wid1 d1e eard1, or in areas subject 

to severe corrosive influence s, where made of material suitable 
for the condition, or where provided wim corrosion protection 

identified as suitable for the condition. 

426.27 Grounding Braid or Sheath. Grounding mean s, su ch as 

copper braid , metal sheam, or omer approved means, shall be 

provided as part of the heated section of the cab le, panel, or 

unit. 

426.28 Ground-Fault Protection of Equipment. Ground-fault 

protection of equipment shall be provided for fixed ou tdoor 

electric deicing and snow-melting equipment. 

Part IV. Impedance H eating 

426.30 Personnel Protection. Expo sed e lements of impedance 

heating systems shall be physically guarded, isolated, or mer­

mally insulated with a weatherproof jacket to protect against 
contact by personnel in th e area . 

426.31 Isolation Transformer. An isolation transformer wim a 

grounded sh ield bet\vee n the prinlary and seconda1-y windings 
shall be used to isolate the disu-ibution system from me heating 

system. 

426.32 Voltage Limitations. The seconda ry wind ing of d1e 
isolation transformer connected to the impedance heating 

elements shall not have an output voltage greater than 30 volts 

ac. 

426.33 Induced Currents. All current -can-ying components 

shall be insta lled in accordance with 300.20. 

Part V. Skin-Effect Heating 

426.40 Conductor Ampacity. The current through the electr i­

cally insulated conductor inside the ferromagnetic envelope 

shall be permitted to exceed the ampacity values shown in 

Table 310.16, provided it is identified as suitabl e for this use . 

426.41 Pull Boxes. Where pull boxes are used, they shall be 

accessible without excavation by location in suitable vaults or 

abovegrade. Outdoor pull boxe s shall be of watertight 
consu-uction . 

426.42 Single Conductor in Enclosure. The provis ions of 

300 .20 sha ll not app ly to the insta llation of a single conductor 
in a ferromagnetic envelope (meta l enclosure) . 

426.43 Corrosion Protection. Ferromagnetic enve lopes, 

ferrous or nonferrous metal raceways, boxes, fittings, supports, 

and s upport hardware shall be permitted to be insta lled in 

concrete or in direct contact with the earth, or in areas subjec­

ted to severe cot-rosive influen ces, where made of material suit­
able for the condition, or where provided with corros ion 

protection identified a5 suitable for the cond ition . Corrosion 

protection sha ll maintain the original wall thickness of me 
ferromagnetic envelope . 
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ARTICLE 427 - FIXED ELECTRI C HEATING EQUIPMENT FOR PIPELINES AND VESSELS 427.4 

426.44 Equipment Grounding Conductor . The ferromagnetic 

enve lope shall be connected to an equipment gro undin g 
cond uctor at both ends; and, in add ition , it shall be permitted 

to be connected to an equipment gro undin g conductor at 

intermediate points as required by its de sign . 

Section 250.30 shall not appl y to the installation of skin­

effect heating system s. 

Part VI. Control and Protection 

426.50 Disconnecting Means. 

(A) Disconnection. All fixed outdoor deicing and snow­

mel ting equipment shall be provided with a means for simulta ­
neous disconnection from all ungro unded cond uctors . v\There 

readily access ible to the user of the equipment, the branc h­

circuit switch or circuit break er shall be permitted to serve as 

the disconnecting means . The d isconnecting means shal l be of 

the indi cating type and be capable of being locked in the open 

(off) position . 

(B) Cord-and-Plug-Connected Equipment. The factory­
insta lled attachment plug of co rd-and-p lug-connected eq uip­

men t rated 20 amperes or less and 150 vol ts or less to gro und 

shall be perm itted to be the disconnecting means . 

426.51 Controllers. 

(A) Temperature Controller with "Off' ' Position. 

Temp erat ure-co ntrolled switch ing device s that indi cate an "off" 
position and that in ter rupt lin e current shall open all ungroun­

ded conductors when the control device is in the "off' position . 

These dev ices sha ll not be permitted to serve as the disconnect­

ing means unle ss they are capa ble of be ing locked in the open 

position in co mpli a nce with 110.25. 

(B) Temp erature Controller Without "Off" Position. Temper­

attire cont rolled switch ing devices that do no t have an "off' 

position shall not be required to open all ung ro unded cond uc­

tors and sh a ll not be permitted to serve as the disco nnecting 
means . 

(C) Remote Temperature Controller. Rem ote contro lled 

temperattu-e-actt 1ated devices shall not be re quir ed to meet the 
requirements of 426 .5 l (A) . These devices sha ll not be perm it­

ted to ser ve as the disconnecting means . 

(D) Combined Switching Devices . Switching devices cons isting 
of com bined temperatt1re-actuated devices and manual ly 

contro lled switches that serve both as the contro ller and the 
disconnecting means shall comp ly with all of the following 

condit ions: 

(1) Open all ungrounded conductoi-s wh en manuall y placed 
in the "off' ' position 

(2) Be so designed that the circuit cannot b e energized auto­

matica lly if the device has been manually placed in the 
"off'' position 

(3) Be capable of bein g locked in the open position in 

comp liance with 110.2 5 

426.54 Cord-and-Plug-Connected Deicing and Snow-Melting 

Equipment. Cord-and-p lug-connected deicing and snow­

melting equ ipment sha ll be listed . 

2020 Edition NATIONAL ELECT RICAL CODE 

ARTICLE427 

Fixed Electric Heating Equipment for 

Pipelines and Vessels 

Part I. General 

427.1 Scope. This article covers elecu-ically ene rg ized h eati ng 

systems and the insta lla tion of the se syste ms used with pipelines 

and vessels . 

Informational Note: For further informat ion, see ANSI/ LEEE 
515-2017, Standard.for the Testing, Design, Installation and Maint,e­

nance of Electrical Resi5tance 11·ace Heating.for Industrial Aj1f1lications. 

Also see app licable seccions of che LEEE 844/ CSA 293 series 

of standards for alternate techno logies for fixed elecu ·ic heating 
equipment for p ipelines and vessels. 

427.2 Definitions. The defin itions in this sectio n shall a ppl y 

only with in this article . 

Impedance Heating System. A system in which heat is ge ne r­
ated in a pipeline or vesse l wall by causing current to flow 

through the pipeline or vessel wall by direct conn ection to an 
ac vo ltage source fro m a dual -windin g u-ansfor me i-. 

Induction Heating System. A system in which heat is generated 

in a pipeline or vesse l wall by indu cin g current a nd hysteres is 

effect in the pipeline or vesse l wall from an external iso lated ac 

field source . 

Pipeline . A length of pip e includi ng pumps, valves, flan ges, 

conu-o l devices, strainer s, and/ o r simil ar eq uipment fo r 

conveying fluid s. 

Resistance Heating Element. A spec ific sepa rate element to 

generate heat that is appli ed to the pipel ine or vesse l exte rna lly 
or int erna lly. 

Informational Note: Tubu lar heate rs, strip heate rs, heating 

cab le, heating tape, heating b lankets, and immer sion heaters 
are examp les of resiscance heater s. 

Skin-Effect Heating System . A system in whi ch h eat is ge ner­

ated on the inner surface of a ferromagnetic envelope attached 

to a pipeline or vesse l, or both. 

Informational Note: Typically, an e lectr ically insulated conduc­
tor is routed through and co nnecced tO the enve lope at d1e 

od1er end. The enve lope and the electr ica lly insulated conduc­
tor are connected to an ac voltage source from a dua l-winding 

transformer . 

Vessel. A conta iner such as a barre l, drum, or tank fo r ho lding 

flui ds or other material . 

427.3 Application of Other Articles. Cord-connec ted pipe 

heating asse mblie s intended for spe cific use and identified as 

suitable for this use shall be installed accord ing to Article 422 . 

427.4 Continuous Load. Fixed e lecu-ic heatin g equipm e nt fo r 

pipelines and vesse ls shall be considered co ntinu ous load . 
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427.10 ARTICLE 427 - FIXED ELECTRI C HEATING EQUIPMENT FOR PIPELINES AND VESSELS 

Part II. Installation 

427.10 General. Equipment for pipelin e and vessel e lectric 
heatin g shall be identified as bein g suitable for (1) the chemi­

cal, therma l, and physical environment and (2) installation in 
accordance with the manufactu rer's drawings and insu-uctions . 

427.11 Use. Electr ic heatin g equipment sha ll b e insta lled in 

such a mann er as to b e afforded protection from physical 

damage . 

427.12 Thermal Protection. External surface s of pipeline and 

vessel heatin g eq uipment that operate at temperatures exceed­

ing 60°C ( l 40°F) shall be physically guarded, isolated, or ther­

mally insulated to protect aga inst contac t by personne l in the 

are a. 

427.13 Identification . The presence of electrically heated 
pipelines, vesse ls, or both , shall b e evident by the posting of 

appropriate caution signs or markin gs at inter vals not exceed­

ing 6 m (20 ft) along the pipeline or vessel and on or adjacent 

to equipment in the piping system that require s period ic servic­

ing. 

Part III. Resistance Heating Elements 

427.14 Secured. Heating element assembli es sha ll be secured 
to the surfac e bein g heated by means o ther than the thermal 

insulation. 

427.15 Not in Direct Contact. Where d1e heating element is 
not in direct contact with the pipeline or vesse l bein g heated, 

mean s shall be provided to prevent overtem perature of the 

heating element unle ss the design of the heat ing a5sembly is 
such that its temperature limitations will not be exceeded . 

427.16 Expansion and Contraction. Heating elements and 

assem blies sha ll not be insta lled where they brid ge expans ion 
joints unle ss provis ions are made for expans ion and cont rac­

tion. 

427.17 Flexural Capability. \i\lhere installed on flexib le pipe­

line s, the heatin g elements and assem blies s ha ll have a fl exura l 

capa bilit y that is compatible with the pipeline . 

427.18 Power Supply Leads. 

(A) Nonheating Leads. Power suppl y non.heat ing leads (co ld 

leads) for resistance elements shall be suitable for the tempera­

tu1·e enco unte1·ed. Not less than 150 mm (6 in .) of nonheating 
leads shall be provided within the jun ction box. Preassem bled 

factory-supplied and field -assembled nonheating lead s on 

approved heaters sha ll be pe1-mitted to be shortened if the 
markin gs spec ified in 427 .20 are reta ined . 

(B) Power Supply Leads Protection. Nonheating power suppl y 

leads shall be protected where they emerge from electrically 
heated pipel ine or vesse l hea tin g uni ts by rigid metal cond uit , 

intermediate metal cond uit , electrica l metallic n1bing, or other 

raceways identified as suitable for the app licat ion. 

(C) Interconnecting Leads. Interconnecting nonheati ng leads 

connecting portions of the heating system shal l be permitted to 

be covered by thermal insulation in the same manner as the 
heaters . 

427.19 Electrical Connections. 

(A) Nonh eatin g Interconnections. Nonheat ing inter co nn ec­
tions, where required under the r mal insulation , sha ll be made 

with insulated connectors identified as suitabl e for this use . 

(B) Circuit Connections. Spli ces and terminations outside the 

thermal ins ulati o n shal l be insta lled in a box or fittin g in 

accordance with 110.14 and 300.1 5. 

427.20 Marking . Each factory-assembled heating unit sha ll be 
legibly marked within 75 mm (3 in. ) of the term inatio n end of 

all nonheating leads with the perman ent identification symbol, 

catalog number, and ra tings in volts and watts or in vol ts and 

amperes . 

427.22 Ground-Fault Protection of Equipment. Ground-fault 

protection of equ ipmen t shall be provided for elecu· ic heat 
tracing and heating pane ls . This requireme nt shall not app ly in 

indu str ia l establishments where there is alarm indicatio n of 

gro und fau lts and the fo llowing cond itions apply : 

(1) Cond ition s of mai n tenance and superv ision ensure that 

on ly qualified persons serv ice the insta Ued systems. 

(2) Contin ued circuit operation is necessary for safe opera-

tion of equipment or processes . 

427.23 Grounded Conductive Covering. Elect r ic hea ting 

equipment shall b e listed and have a grounde d conductive 

covering in accordance with 427.23(A) or (B). The conductive 

cove1-ing shall provide an effective g1·ound-fau lt current path 

for operation of gro und "fau l t protection equi pm en t. 

(A) Heating Wires or Cables. H eating wires or cables shall 

have a gro unded cond u ctive cover ing that surround s the heat­
ing element and bus wires, if any, and their e lectr ical insula­

tion. 

(B) Heating Panels. H eatin g pane ls sh all h ave a grou nded 
cond uctive cove rin g over the heatin g e lement and it5 e lectr ical 

insulation on the side oppos ite the side attac hed to the surface 

to be heated . 

Par t IV. Impedance H eati ng 

427.25 Personnel Protection. All access ible exte rnal surfa ces 

of the pipeline, vessel, or both, bein g he ated shall be physica lly 

guarded, isolated, or m ermally insulated (with a weatherproof 
jacket for outside insta lla tions) to protect against contact by 

personnel in the area . 

427.26 Isolation Transfo r mer. A dual-w inding transfo rm er 

with a gro und ed shi eld between the primary and seco ndary 

windings sha ll b e used to isolate the distr ibuti on syste m from 

the heating system. 

427.27 Voltage Limitations. The seco ndar y wind ing of d1e 

iso lation transformer conn ected to the pipelin e or vessel being 

heated shall not have an output vol tage greater than 30 volts 
ac . 

Exception No. 1: Jn industrial establishments, the isolation transformer 

connected to the pipeline or vessel being heated shall be permitted to 

have an output voltage greater than 30 but not more than 80 volts ac 

to ground where all of the fallowing conditions apply: 

( 1) Conditions of guarding, maintenance, and supervision ensure 

that only qualified persons have access to the installed systems. 

(2) Groundfault protection of equipment is provided. 
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Exception No. 2: In industrial establishments, the isolation transformer 

connected to the pipeline or vessel being heated shall be permitted to 

have an <Yl.ltput voltage not greater than 132 volts ac to grmmd where 

all of the fallowing conditions apply: 

( 1) Conditions of guarding, maintenance, and supervision ensure 

that only qualified persons service the installed systems. 

(2) Ground-fault protection of equipment is provided. 

(3) The pipeline or vessel being heated is completely enclosed in a 

grounded metal enclosure. 

( 4) The transformer secondary connections to the pipeline or vessel 

being heated are completely enclosed in a grounded metal mesh or 

metal enclosure. 

427.28 Induced Currents. All cun-ent-carrying components 
shall be insta lled in accordance with 300.20. 

427.29 Grouncling. The pipeline, vesse l, or both, that is being 

heated and operating at a voltage greater than 30 but not more 

than 80 shal l be grounded at designated points . 

427.30 Secondary Conductor Sizing. The ampacity of the 

conducto1-s connected to the second at)' of the transformer 
shal l be at least 100 percent of the total load of the heater. 

Part V. Induction Heating 

427.35 Scope. Thi s part covers the installati on of line 

frequency indu ction heating equipment and accessories for 

pipel.ines and vesse ls. 

Informationa l Note: See Article 66.5 for other applications. 

427.36 Personnel Protection. Indu ction coils that operate or 
may operate at a vo ltage greater than 30 volts ac shall be 

enclosed in a n onmeta llic or sp lit metallic enclosure, isolated, 

or made inaccessible by location to protect personnel in the 
area . 

427.37 Induced Current. Induction co ils shall be prevented 

from inducing circu lating currents in surround ing metallic 
equipment, supports, or su-u ctures by shielding , isolation, or 

insu lation of the current paths. Stray current paths shall be 

bonded to prevent arcing . 

Part VI. Skin-Effect Heating 

427.45 Conductor Ampacity. The ampacity of the elecu-ically 

insulated conductor inside the ferromagnetic envelope shall be 

permitted to exceed the values g iven in Table 310.16, provided 
it is identified as suitable for this use. 

427.46 Pull Boxes. Pull boxes for pulling the electrically insu­

lated conductor in the ferromagnetic enve lop e shal l be permit­
ted to be buried under d1e thermal insulation , provided their 

locations are indicated by permanent markings on the insula­

tion jacket surface and on drawings . For outdoor installations, 

pull boxes sha ll be of watertight consu-uct ion. 

427.47 Single Conductor in Enclosure. The provisions of 
300.20 shall not apply to the insta llation of a single conductor 

in a ferromagnetic envelope (meta l enclosure). 

427.48 Grouncling. The ferromagnetic enve lop e shall be 

grounded at both ends, and, in addition, it sha ll b e permitted 

to be grounded at interm ediate points as required by its design . 

The ferromagnetic enve lop e shall be bonded at all join t5 to 
ensure electrica l cont inui ty. 

2020 Edition NATIONAL ELECTRICAL CODE 

The provisions of 250.30 shall not app ly to the installatio n of 

skin-effect heating systems. 

Informational Note: See Article 250 for grounding methods. 

Part VII. Control and Protection 

427 .55 Disconnecting Means. 

(A) Switch or Circuit Breaker. Means sha ll be provided to 
simu ltaneous ly disconnect all fixed electric pipeline or vessel 

heating equipment fro m all ungrounded conductors . The 

branch-circuit switch or circ uit breake r, where readil y access i­
ble to the user of the equipment, shall be permitted to serve as 

the disconnecting means . The disconnecting means shall be of 

the indi cating type and sha ll be capable of being locked in me 
open (off) position . The disconnect ing means shall be insta lled 

in accordance with 110.2 5. 

(B) Cord-and-Plug-Connected Equipment. The factory­

instal led attachment plug of cord-and-p lug-connected equip­

ment rated 20 amperes or less and 150 volts or less to gro und 

shall be permitted to be the disconnecting means. 

427 .56 Controls. 

(A) Temperature Control with "Off" Position. Temperan ire ­

controlled switching devices that indic ate an "off' position and 
that interrupt lin e current sha ll open all ungrounded condu c­

tors when the control device is in th is "off' position. These 

devices shall not be permitted to serve as the disconnecting 

means unless capable of bein g locked in the open posit ion. 

(B) Temperature Control Without "Off'' Position. Temp era­
ture conu·o lled S\vitching devices that do not have an "off' posi­

tion sha ll not be required to open a ll ungrounded conductors 

and sha ll not be permitted to se1ve as the disconnecting mean s. 

(C) Remote Temperatur e Controller. Remote co nu-olled 

temperature-actuated devices shal l not be required to meet the 

requirement5 of 427.56(A) and (B) . These devices sha ll not be 

permitted to serve as the disconnecting means. 

(D) Combined Switching Devices. Switching devices consisting 

of combined temperature-actuated devices and manually 

conu-o lled switches that se1ve both as the conu-ollers and th e 
disconnecting means shall comp ly with a ll the following condi­

tions: 

(1) Open all ungrotmded conductors when man ually placed 

in the "off" position 

(2) Be designed so tha t the circu it cannot be ene rgized auto­
matically if the device has been manuall y placed in the 

"off' position 

(3) Be capab le of being locked in the open position 

427.57 Overcurrent Protection. Heati ng equ ipment shall be 

considered protected aga inst overcurrent where supp lied by a 
branch circuit as specified in 210.20 and 210.24. 
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430.1 ARTICLE 430-MOTORS, MOTOR CIRCUITS , AND CONTROLLER S 

ARTICLE 430 

Motors, Motor Circuits, and Controllers 

Part I. General 

430.1 Scope . Thi s article covers motors, motor branch-c ircuit 

and feede1- conductors and their protection, motor overload 
protection , motor contro l circuits, motor contro llers, and 

motor contr ol centers . 

Informational Note No. 1: Insta llation requirements for motor 

contro l centers are cove red in 110.26(E ). Air-conditioning and 

refrigerating equipment are covered in Article 440. 

Informationa l Note No. 2: Figure 430.l is for information only. 

430.2 Definitions. The definitions in this section shall apply 
only within this article . 

Controller . Any switch or device that is normally used to start 

and stop a mot or by making and breaking the motor circu it 
current. 

General, 430.1 through 430.18 
Motor Circuit Conductors , 430.21 through 430.29 
Motor and Branch-Circuit Overload Protection , 430.31 

through 430.44 
Motor Branch-Circuit Short-Circui t and Ground-Fault 

Protection, 430.51 through 430.58 
Motor Feeder Short-Circuit and Ground-Fault Protection, 

430.61 through 430.63 
Motor Control Circuits , 430.71 through 430.75 
Motor Controllers, 430.81 through 430.90 
Motor Control Centers, 430.92 through 430.99 

Disconnecting Means, 430.101 through 430. 113 
Adjustable-Speed Drive Systems, 430.120 through 430.131 
Over 1000 Volts, Nominal , 430.221 through 430.227 
Protection of Live Parts- All Voltages, 430.231 

through 430.233 
Grounding- All Voltages, 430.241 through 430.246 

Tables, Tables 430.247 through 430.252 

Part I 
Part II 
Part Ill 

Part IV 

PartV 

Part VI 
Part VII 
Part VIII 
Part IX 

PartX 
Part XI 
Part XII 

Part XIII 
Part XIV 
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430.23 and Article 4 70 

Electronically Protected (as applied to motors). A motor that is 

provided with electronic control that is an integral part of the 
motor and protects the mot or aga inst dangerou s over hea ting 

due to failure of the e lectron ic contro l, ove rload and failure to 

start . 

Part-Winding Motors. A part-winding start induction or 

synchro nous mot or is one that is arranged for starting by first 

energizing part of its pi-imary (armau.u-e) windin g and, subse­
quently, energ izing the remain der of this winding in one or 

more steps . A standard part-winding start induction moto r is 
arranged so that one-half of its pr ima ry winding ca n b e ene1-­

gized initi a lly, and, subseq uent ly, the remain ing half can be 

energized, both halves then carryi ng equal curren t. 

Informationa l Note: A he rmeti c refrigerant motor -compressor is 

not cons idered a sta ndard part-winding start induction motor. 

System Isolation Equipment. A redundantly m onit Ned, 

remote ly operated co ntactor- isolatin g system , packaged to 

provide the disconnection / isolatio n function, capable of ver ifi­

able operation from multiple remote location s by means of 
lockout switche s, each having the capa bi lity of bein g padl ocked 

in the "off' (open) position . 

Valve Actuator Motor (VAM) Assemblies. A manufactured 

assem bly, used to operate a valve, co nsisting of an actuator 

motor and other components such a5 co ntro llers, torq ue 

switches, limit switch es, and overload protection . 

Informational Note: VAMs typically have short-time du ty and 

high-torqu e characteristics. 

430.4 Part-Wmding Motors. VIThere sepa rate overload devices 

are used with a standard part-winding start induction motor, 

each half of the motor win din g shall be indi vidually protected 
in accordance with 430 .32 and 430.37 with a trip current one­

half that specified . 

Each motor-winding co nn ection shall have branc h-circuit 
short-circuit and gro und -fault protection rated at not mo re 

than one-half that spec ified by 430 .52. 

Exception: A short-circuit and ground-fault protective device shall be 

permitted for both windings if the device will allow the motor to start. 

Where time-delay (dual-element) fiises are used, they shall be permitted 

to have a rating not exceeding 150 percent of the mol<Jr full-load 

current. 

430.5 Other Articles. Moto rs and contro ller s sha ll a lso co mply 

with the app licable provis ions of Tab le 430 .5. 

430.6 Ampacity and Motor Rating Determination. The size of 

conductor s suppl ying equipme nt covered by Art icle 430 shall 

be selected from the ampacity table s in acco rdan ce with 310 .15 
or sha ll be calcu lated in acco rdance with 310.1 4( B) . Where 

flexible cord is used, the size of th e conductor sha ll be selected 

in accoi-dance with 400.5 . Th e required ampac ity and moto 1-
ratings shall be determined as spec ified in 430 .6(A), (B), (C), 

and (D) . 

(A) General Motor Appli cations. For general motor app lica­
tions, curre nt ratings sha ll be determined based on 

430 .6(A) (1) and (A) (2) . 
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ARTICLE 430- MOTORS, MOTOR CIRCUITS , AND CONTROLLERS 430.6 

Table 430.5 Other Articles 

Equipment / Occupancy 

Air-conditioning and refr igera ting 
equipmen t 

Capacitors 

Commerc ial garages; aircraft hangars; 

motor fuel dispensing facifaies; bu lk 
storage plants; spray appli cation , 
dipping, and coating processes; and 

inhal ation anes the tizing locations 

Cranes and hoists 
Elec tr ically driven or con trolled irrigation 

machines 
Elevators , dumbwaiters, escalators, 

moving walks, wheelchair lifts, and 

sta irway cha ir lifts 

Fire pump s 

Hazardo us (classified) loca tions 
Indu str ial machinery 

Motion picture projectors 

Motion picrure and te levision studi os and 
similar loca tions 

Resist0rs and react0rs 
Theaters, audience areas of motion 

pictur e and te levision studios, and 

similar loca tions 
Transformers and transformer vaults 

Article 

440 

5ll, 513, 514, 515, 5 l 6, 
and 517 Part IV 

610 
675 

620 

695 
500-503, 505, and 506 

670 

530 

470 

450 

(1) Table Values. Other than for motors built for low speeds 

(less than 1200 RPM) or high torques, and for multispeed 

motors, the value s given in Table 430.247, Table 430.248, Table 

430.249, and Tab le 430.250 shall b e used to determine the 
ampacity of cond u ctors or ampere ratings of switches, branch­

circuit short-c ircuit and gro undcfault protection, instead of the 

actua l current rnting marked on the motor nameplate . 'i\There a 
motor is marked in amperes, but not horsepower, the horse­

power rating sha ll be assumed to be that corresponding to the 

value given in Table 430.247, Tabl e 430.248, Table 430.249, and 
Tabl e 430.250, int erpo lated if necessary. Motors built for low 

speeds (less than 1200 RPM) or high torques may have higher 

full-load currents, and multispeed motors will have full-load 
current varying with speed, in which case the nameplate 

curr ent ratings shall be used . 

Exception No. 1: Multispeed motors shall be in accordance with 

430.22(B) and 430.52. 

l!.xception No. 2: For equipment that employs a shaded-pole or 

permanent-split capacitor-type Jan or blower motor that is marked with 

the motor type, the full load current /or such motor marked on the 

nameplate of the equipment in which the Jan or blower motor is 

employed shall be used instead of the h01·sepower rating to determine the 

ampacity or rating of the disconnecting means, the branch-circuit 

conductors, the controlle1; the /Jranch-circuit short-circuit and ground­

Jault protection, and the separate ove1·load protection. 17iis marking on 

the equipment nameplate shall not be less than the CU?'rent marked on 

the Jan or blower motor nameplate. 

Exception No. 3: For a listed motON>/Jmited appliance that is marked 

with both motor horsepower and full-load current, the motor full -wad 

current mmked on the nameplate of the appliance shall be used instead 

of the horsepower rating on the appliance nameplate to determine the 

ampacity or rating of the disconnecting means, the branch-circuit 
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Section 

460.8, 460.9 

540.ll and 540.20 

520.48 

conductors, the controlle1; the branch-circuit short-circuit and ground­

fau/J, protection, and any separate overload protection. 

(2) Nameplate Values. Separate motor over load protection 

shall be based on the motor namep late current rating. 

(B) Torque Motors. For torque motors, the rated current shall 

b e locked- rotor current , and this nam eplate curren t shal l be 

used to determine the ampacity of the branch-ci1-cu it conduc­
tors covered in 430.22 and 430.24, the ampere rating of the 

mot or overload protection, and the ampere rating of moto r 

branch-circuit short-c ircuit and g1-ound-fau lt protection in 
accordance with 430.52 (B). 

In formationa l Note: For motor comro llers and disconnecting 

means, see 430.83(0 ) and 430.110. 

(C) Alternating-Current Adjustable Voltage Motors . For 

motors used in alternat ing-current, adjustable voltage, varia ble 

torque drive systems, the ampacity of cond uctors, or amper e 

rat ings of switches, branch-circuit short-c ircuit and gro und ­

fau lt protection, and so forth, sha ll be based on the maximum 

operating current marked on the moto r or contro l namepl ate, 

or both. If the maximum o pera ting current does not appea r on 

the nameplate, the ampacity determination shal l be based on 
150 percent of the val ues g iven in Table 430.249 and Table 

430.250. 

(D) Valve Actuator Motor Assemblies. Fo1- valve actuato 1-

motor assem blie s (VAMs), th e rated curr ent shall be the nam e­

plate full-load curren t, and this current shall be used to deter­

mine the maximum ratin g or sett ing of the mo to r branch­
circuit short-circuit and ground -fault protective device and the 

am pacity of the condu ctors. 
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