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INTRODUCTION

1 Scope

1.1 These requirements cover limit controls, furnace fan controls, and other interlocks which are
essentially switches responding to changes in liquid level, pressure, or temperature. Although not limited
to such specific applications, these safety controls include those intended primarily to safeguard heating
appliances, heating systems, processing systems, and air-conditioning and ventilating systems.

1.2 These requirements do not cover thermal protectors for motors and fluorescent-lamp ballasts.

1.3 These controls are for use in ordinary locations. Requirements for the installation and use of limit

as those for

COﬂtrOlS a.re .Ilb:UdCd ;II Stalldaldo Uf uairc I'\‘llatlullal rIIU PIUtC\Jt;UII Aoouu;at;ull, ouuh
Installation of:
Air-Cgnditioning and Ventilating Systems, NFPA 90A-1993,

WarmtAir Heating and Air-Conditioning Systems, NFPA 90B-1993,

Oil-Byrning Equipment, NFPA 31, ANSI Z95.1-1993,

National Fuel Gas Code, NFPA 54-1990,
Oveng and Furnaces, NFPA 86-1990, and
Preveption of Furnace Explosions in Fuel Oil apd“Natural Gas-Fired Watertube Bo
With @One Burner, NFPA 85C-1991.
1.4 These requirements cover equipment rated-hot more than 600 volts and intended for
accordance wjth the requirements of the National Electrical Code, ANSI/NFPA 70.

1.5 A producf that contains features, gharacteristics, components, materials, or systems n
from those coyered by the requirements’in this standard, and that involves a risk of fire or of
or injury to persons shall be evaluated using appropriate additional component ang
requirements fo maintain the level of safety as originally anticipated by the intent of th
product whoge features, characteristics, components, materials, or systems conflict
requirements pr provisions.of this standard does not comply with this standard. Revision o
shall be proposed and-adopted in conformance with the methods employed for developmen
implementation of this-standard.
1.5 revised April 30, 2001

ler Furnaces

installation in

bw or different
electric shock

end-product
s standard. A
with specific
requirements
, revision, and
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2 General

2.1 Units of measurement

2.1.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

2.2 Compone

2.2.1 deleted

2.1.1 revised April 30, 2001

nts
2.2 deleted April 22, 2011

April 22, 2011.

2.2.2 deleted
2.2.3 deleted
2.2.4 deleted
3 Glossary

3.1 Forthe p

3.1A COMP
standard dedi
installed (e.g.
compose a dsg

3.2 CONTR(
the operation

3.3 CONTRC
temperature g
equipment.

3.4 CONTR(
appliances ac
reaching norn
auxiliary equig

April 22, 2011.
April 22, 2011.

April 22, 2011.

irpose of this standard, the following definitions apply)

Cated to the purpose. When incorporated in-a ‘control, equipment otherwise t

vice or fabricated part, such as thermaplastic or copper, are not considered
3.1A addefApril 22, 2011

DL, FAN — An automatic controhresponsive to changes in temperature, inten
pf the fan on forced air appliances.

DL, LIMIT — An automatic safety control responsive to changes in liquid level
nd normally set beyond the operating range for limiting the operation of the

DL, OPERATING — A control, other than a safety control or interlock to start
cordingteload demand and to stop or regulate output on satisfaction of den
al temperature or pressure in the appliances. Operating controls may also a
ment.

DNENT — A device or fabricated part of the control covered by the scope of a safety

pically field

luminaire) is considered to be a compongnt.”Unless otherwise specified, maferials that

components.

led to control

pressure, or
tontrolled

Dr regulate
and or upon
ctuate

3.5 CONTROL, SAFETY or PROTECTIVE — Automatic controls and interlocks (including relays,
switches and other auxiliary equipment used in conjunction therewith to form a safety-control system)

which are inte

nded to prevent unsafe operation of the controlled equipment.
3.5 revised April 22, 2011

3.5A CONTROL, WATER HEATER REGULATING — An automatic control responsive to changes in
temperature, intended to regulate the operation of the water heater and provides protective function.

3.5A added April 22, 2011
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3.5B CONTROL, WATER HEATER LIMIT — A manual type control responsive to changes in
temperature, intended to provide protective function of the water heater.

3.6 ELECTR

3.5B added April 22, 2011

ICAL CIRCUITS:

a) High-Voltage Circuit — A circuit involving a potential of not more than 600 volts and having
circuit characteristics in excess of those of a low-voltage or an isolated limited secondary circuit.

b) Low-Voltage Circuit — A circuit involving a potential of not more than 30 volts alternating
current (ac) [42.4 volts peak or direct current (dc)] and supplied by a primary battery or by a
standard Class 2 transformer, or by a combination of transformer and fixed impedance which,

as a
derivi
with t
low-v(

c) Safety-Control Circuit — A circuit involving one or more safety controls.

d) Isq
secon
circuit]

e) Int
releag
specif
part o
of ovg

3.7 INTERLC
proof to the p

3.8 REPEAT]
characteristic.

3.9 SET POI
performs its ir]

3.10 SUPER

d from a source of supply classified as a high-voltage circuit, using resistang
e supply circuit as a means of limiting the voltage and current, is not-¢onsid
Itage nor an isolated limited secondary circuit.)

lated Limited Secondary Circuit — A circuit of limited energy derived from an
dary winding of a transformer having a maximum capacity of 100 volt-amper
secondary voltage not exceeding 1000 volts.

finsically Safe Circuit — A circuit involving equiptent and wiring which is incg
ing sufficient electrical energy under normal.or abnormal conditions to cause

f the equipment or wiring, insulation or_other failure of electrical components
rvoltage, adjustment and maintenance ‘operations, and other similar conditio

DCK — A control to prove the physical state of a required condition, and to fu
imary safety-control circuit. Azlimit control is a type of interlock.

ABILITY — The ability of'a control or interlock to maintain a constant set poir
NT — A predetermined value to which a control or interlock is adjusted and 3
tended funetion.

VISE > F0 sense a condition requiring attention and initiate corrective action

r. (A circuit
e in series
ered to be a

isolated

es and open-

pable of
ignition of a

¢ hazardous atmospheric mixture. Abnormal conditions include accidental damage to any

application
ns.

rnish that

—

t which it

if necessary.

3.11 TOOLS

SPECIAL — Those tools that are not generally available on the open retail narket.

3.12 VENT LIMITING MEANS — A means which limits the flow of fluid from an atmospheric diaphragm

chamber to th

e atmosphere.
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CONSTRUCTION

3A Components

3A.1 General

3A added April 22, 2011

3A.1.1 A component of a product covered by this standard shall:

a) Comply with the requirements for that component as indicated in this standard;

b) Be used in accordance with its rating(s) established for the intended conditions of use;

c) Be
d) Ad

Exception No
specific comp

a) Iny
produl

b) Is

c) Is
used

Exception No|
standard is aq

a) Th
stand

b) TH

used within its established use limitations; and
ditionally comply with the applicable requirements of this standard.

1: A component of a product covered by this standard is not required to
bnent requirement that:

olves a feature or characteristic not required in the application of the compo
Ct, or

superseded by a requirement in this end product'standard, or

separately evaluated when forming part of another component, provided the
Within its established ratings and limitatioris.

2: A component complying withsa component standard other than thos
ceptable if:

e component also complies-with the applicable component standard as cited
hrd, or

e component standard:

1) Is compatible with the ampacity and overcurrent protection requiremen
National Electrical Code, NFPA 70, where appropriate;

2)_ Considers long-term thermal properties of polymeric insulating material

comply with a

nent in the

component is

e cited in this

in this

S in the

5 in

accordance with the Standard for Polymeric Materials — Long Term Prope

.ty

Evaluations, UL 746B, and

3) Any use limitations of the other component standard is identified and appropriately
accommodated in the end use application. For example, a component used in a
household application, but intended for industrial use and complying with the relevant
component standard may assume user expertise not common in household

applications.
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3A.1.2 A component that is also intended to perform other functions, such as over current protection,
ground-fault circuit-interruption, surge suppression, any other similar functions, or any combination
thereof, shall comply additionally with the requirements of the applicable standard(s) that cover devices
that provide those functions.

Exception: Where these other functions are not required for the application and not identified as part of
markings, instructions, or packaging for the appliance, the additional component standard(s) need not be
applied.

3A.1.3 A component not anticipated by the requirements of this standard, not specifically covered by the
component standards as cited in this standard, and that involves a risk of electric shock, fire, or personal
injury, shall be additionally evaluated in accordance with the applicable standard, and shall comply with

items (b) — (d

3A.1.4 With
performance 1

normal and alpnormal use conditions consistent with the application of UL 353.

3A.1.5 Speci
capabilities. {
temperatures
3A.2 Attachm

3A.2.1 Attach
Receptacles,

3A.2.2 Quick]

conductors, having nominal widths of 2.8, 3.2, 4.8,5.2, and 6.3 mm (0.110, 0.125, 0.187, 0.2

in), intended f
appliance, sha

Exception:
insertion-withd

3A.2.3 Single|
between elec
conductors, (
Component C

3A.2.4 Wire d

£ 2N 1.1

Ul O\ L L,

regard to a component being additionally evaluated, reference t@“\con
equirements in another end product standard is appropriate where thatistand

fic components are incomplete in construction features ‘er/restricted in
uch components are intended for use only under limited conditions, su
hot exceeding specified limits, and shall be used onlyunder those specific ¢

ent plugs, receptacles, connectors, and terminals

ment plugs and receptacles shall comply with the Standard for Attachmeé
L 498. See 3A.2.9.

connect terminals, both connectors and tabs, for use with one or two 22 — 1(

Dr internal wiring connections in‘appliances, or for the field termination of cor
Il comply with the Standard-fer Electrical Quick-Connect Terminals, UL 310.

ther sizes of quick-conhect terminals shall be investigated with respect to
rawal, temperature_rise, and all tests shall be conducted in accordance with

and multipole ‘connectors for use in data, signal, control and power applicati
rical equipment, and that are intended for factory assembly to copper o
r for factory assembly to printed wiring boards, shall comply with the
pnnectors for Data, Signal, Control and Power Applications, UL 1977. See 3

onpectors shall comply with the Standard for Wire Connectors, UL 486A-486

struction and
hrd anticipates

performance
ch as certain
bnditions.

ent Plugs and

AWG copper
05, and 0.250
ductors to the

crimp pull out,
UL 310.

bns within and

copper alloy
Standard for
A.2.9.

B.

3A.2.5 Splicing wire connectors shall comply with the Standard for Splicing Wire Connectors, UL 486C.

3A.2.6 Multi-pole splicing wire connectors that are intended to facilitate the connection of hard-wired
utilization equipment to the branch-circuit conductors of buildings shall comply with the Standard for
Multi-Pole Splicing Wire Connectors, UL 2459. See 3A.2.9.
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3A.2.7 Equipment wiring terminals for use with all alloys of copper, aluminum, or copper-clad aluminum
conductors, shall comply with Standard for Equipment Wiring Terminals for Use with Aluminum and/or
Copper Conductors, UL 486E.

3A.2.8 Terminal blocks shall comply with the Standard for Terminal Blocks, UL 1059, and, if applicable,
be suitably rated for field wiring.

Exception: A fabricated part performing the function of a terminal block need not comply with UL 1059
if the part complies with the requirements of Insulating Material, Section 8; Field Wiring Connections,
Section 10; Current-Carrying Parts, Section 10; and Spacings, Section 18 of this standard. This exception
does not apply to protective conductor terminal blocks.

3A.2.9 Femal

interrupt currg
load, when e
interrupt the G

plug.

3A.2.10 Bond
equipment, sh

3A.3 Batterie

dCV;\.’CO (ouuh Ao IC\;C'JtG\;:CO Al Id bUIIIICbtUIO) that arc ;Iltclldcd, Ul that LILAJ
nt in the end product, shall be suitably rated for current interruption of the“g
aluated with its mating plug or connector. For example, a connector.that c
urrent of a motor load shall have a suitable horsepower rating when tested

ing devices, ground clamps, grounding and bonding bushings and locknut

all comply with the Standard for Grounding and Bonding Equipment, UL 467.

5 and battery chargers

3A.3.1 A lithiim ion (Li-On) single cell battery shall comply with the requirements for sec
cells in the Stpndard for Lithium Batteries, UL 1642. A lithitsm ion muiltiple cell battery, an
battery pack, $hall comply with the applicable requirements for secondary lithium cells or b
the Standard jfor Household and Commercial Batteries,"UL 2054.

3A.3.2 Rechdrgeable nickel cadmium (Ni-Cad)-eells and battery packs shall comply with
construction and performance requirements ef.this standard.

fay be used, to

pecific type of
an be used to
with its mating

s, and similar

ondary lithium

d a lithium ion
httery packs in

the applicable

3A.3.3 Rechargeable nickel metal-hydride (Ni-MH) battery cells and packs shall comply with the

construction
cells or batter

d performance requirements of this standard, or the applicable requirements
packs in the Standard for Household and Commercial Batteries, UL 2054.

for secondary
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3A.4 Electrical boxes and raceways

3A.4.1 Electrical boxes and the associated bushings and fittings, and raceways, of the types specified in
Chapter 3 of the National Electrical Code, NFPA 70 and that comply with one of the following standards:

a) Standard for Metallic Outlet Boxes, UL 514A;

b) Standard for Conduit, Tubing, and Cable Fittings, UL 514B,;

c) Standard for Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C; or

d) Standard for Cover Plates for Flush-Mounted Wiring Devices, UL 514D.

3A5 CapacitJ)rs and filters

3A5.1 A cap
Suppressors f

3A.5.2 Electrpmagnetic interference filters with integral enclosures shall comply with thg

Electromagne
3A.5.3 delete]
3A.5A Surge
3A.5A.1 Surg
comply with th
through 3A.5A
Exception: T
3A.5A.2 Typdg

a) M4
worKif

b) M4

3A.5 revised November 8, 2011
heitor located in the line voltage circuit shall comply with the Standard for C
pr Radio- and Television-Type Appliances, UL 1414.
ic Interference Filters, UL 1283.

¢l November 8, 2011.

Protective Devices
3A.5A added November 8, 2011

e Protective Devices (SPDs), including air gaps and metal oxide varistors
e requirements in the Standard forSurge Protective Devices, UL 1449. Parag
.6 are applicable.

hese requirements do net.apply to SPDs located in a Class 2 circuit.

1, 2, or 3 SPDs and Type 1, 2 or 3 Component Assemblies SPDs shall:

intain a Maximum Continuous Operating Voltage (MCOV) rating equal to or
g voltage of-the circuit connected, and

intain_the’ appropriate Type Rating for the application in accordance with Tal

apacitors and

Standard for

(MOVs), shall
raphs 3A.5A.2

greater than

ble 3A.1.



https://ulnorm.com/api/?name=UL 353 2011.pdf

8B LIMIT CONTROLS - UL 353

NOVEMBER 8, 2011

Table 3A.1
Type 1, 2, or 3 Ratings

Application Type Rating
Line side of service equipment 1
Load side of service equipment or feeder circuit applications lor2
Branch circuit or control circuit applications lor2or3

3A.5A.3 Type 4 or Type 5 discrete component SPDs and Type 4 component assemblies shall have a
Maximum Continuous Operating Voltage (MCOV) rating equal to or greater than the phase-to-phase

(line-to-line) voltage of the system supply.

3A.5A.4 Typs
in accordanc

4 or Type 5 discrete component SPDs and Type 4 Component. Assemblies
with (@) or (b) or (c):

e SPD can be considered when_determining the required SPD ratings. The (
Peak Current (A,) rating of the . SPD may be less than that defined in Table
rating is equal to or is greaterthan the surge current parameters determine b
ccounts for fixed series impedance inherent in the circuit. [The calculated A, |
to V, plivided by the combined known impedance inherent in the circuit plus 2 ohm
anticipated source impedance].

c) A
Nomi
voltag

Type 5 discrete.component SPD or Type 4 component assemblies shall be r
e of the-eifcuit connected.

Exceftion:_,For SPDs used in other than across-the-line applications such as acros

al Discharge:Current, NDC (In) in accordance with Table 3A.2, based on the

fgcted to all the

V may have a

shall be rated

be used in

bther”
b) in
, or

gs the contacts

ance in series
Dperating Duty
3A.2 provided
y a calculation
ould be equal
5, which is the

hted with a
e working

S the contacts

of a switehing relay or in a non-isolated electronic circuit, the additional circuit imped

ance in series

with the SPD can be considered when determining the required SPD ratings.

The Nominal

Discharge Current rating, 1,, of the SPD may be less than that defined Table 3A.2 provided the I,
rating is equal to or is greater than the surge current parameters determine by a calculation that
accounts for fixed series impedance inherent in the circuit. [The calculated I, would be equal to
V), divided by the combined known impedance inherent in the circuit plus 2 ohms, which is the

anticipated source impedance].
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Table 3A.2
Required Ratings of Type 4 or 5 SPDs

the phase-to-ph
b Typical examp|
voltage values g

overcurrent prot

Category Il - Di
supply level, Ca
Category Il - Lo

.
Category | - Sig
controls, signalin

re appropriate for the expected applications of the products covered.
Category IV - Pmary Supply Circuit Level. Overhead lines and cable systems including, distribution and its ass

SPD Circuit Characteristic Required ratings of Type 4 or 5 SPDs
Phase-to-Ground Voltage, Vac 2 Operating Duty Cycle Peak
by Overvoltage Category © Minimum Operating Duty Qurren_t or Minimum
Cycle Peak voltage Nominal Discharge Current,
[ Il 1] \Y (kVp)(1.2 x 50 ps) NDC (In) A
50 - - - 0.33 165
100 50 - - 0.50 250
150 100 50 - 0.80 400
300 150 100 50 15 750
600 300 150 100 25 1250
- 600 300 150 4.0 2000
- - 600 300 6.0 3000
@ For ungroundegd systems or systems with one phase grounded, the phase-to-ground voltage is considered to e the same as

se voltage for the purposes of using this table.
es of categories for products are given below. Users of this standard will need té-establish that

bctive equipment (equipment installed at the service entrance).
stribution Circuit Level. Fixed wiring and associated equipment (not electrical loads) connected f{
egory V.
d Circuit Level. Appliances and portable equipment and the liké connected to the distribution l¢

al Circuit Level. Special equipment or parts of equipment,Such as low-voltage electronic logic d
g and power limited (per NEC Article 725) circuits confiected to the load level, Category II.

o the primary
vel, Category

ystems, remote

rated impulse

ciated

3A.5A.5 Elect
subjected to g
defined by thg
with the SPD
alternate SPD
Protective Ra
rated SPD cal

Exception: I
tested with th

3A.5A.6 SPD
circuits.

ronic safety controls shall, in addition-ta'the requirements noted in 3A.5A.2 ar
subsequent transient overvoltage \test sequence in the end-use equipment
b Standard for Tests for Safety<Related Controls Employing Solid-State De
installed as intended. To minimize testing of the end-use equipment inv
s sources or types, the SRD with the highest Measured Limited Voltage rat|
ing, as applicable, shall.be tested in the transient overvoltage test sequencs
N represent multiple alternate SPDs sources or types.

the electronic safety control complies with the transient overvoltage test |
b SPD removed, the SPD need only comply with 3A.5A.2 and 3A.5A.3

5 are not)permitted to be used between line / mains / non-Class 2 circuitg

3A.5A.7 Disct
non-insulated

- , bes: " " SN

live conductive parts. Spacings betwee

the spacing requirements of this standard.

H

d 3A.5A.3, be
application as
ices, UL 991,

blving multiple

ng or Voltage
. The highest

brogram when

and Class 2

" be considered
n discrete SPDs and metal parts shall comply with
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3A.6 Gaskets and seals

3A.6.1 Gaskets and seals shall comply with the Standard for Gaskets and Seals, UL 157. Also, the
requirements of Section 41, Volume Change test, and Section 42, Weight loss test, are applicable, as

appropriate.

3A.7 Insulation systems

3A.7.1 Materials used in an insulation system that operates above Class 105 (A) temperatures shall
comply with the Standard for Systems of Insulating Materials — General, UL 1446.

3A.7.2 All insulation systems employing integral ground insulation shall comply with the requirements

L1l 1446

specified in th
3A.8 Overcur
3A.8.1 Fuses
248-1, and th

another appro

3A.8.2 Circuif
Switches and

Exception: G
Breakers For

3A.8.3 Circuif
electrical shod

[« al af (el 4 £1 Lot Mot P o
SLLANuaAaru 1ur Iy ottilio U iriouratiny viattrialo JUTICTrar, UL L5550V,

rent protection
shall comply with the Standard for Low-Voltage Fuses — Part 1: General Req
e applicable Part 2 (e.g. UL 248-5). Defined use fuses that comply with

priate standard for the fuse are considered to comply with thiswequirement.

breakers shall comply with the Standard for Molded-Case Circuit Breakers,
Circuit-Breaker Enclosures, UL 489.

ircuit breakers used in telecommunications circuitry that comply with the Stan
Use in Communications Equipment, UL 489A~need not comply with UL 489

breakers having integral ground fault, circuit interrupter capability for prot|
k shall additionally comply with the Standard for Ground-Fault Circuit-Interru

3A.8.4 Supplémentary protectors shall comply-with the Standard for Supplementary Proteg

Electrical Equ

3A.8.5 Fusing
Resistors for

pment, UL 1077.

resistors shall comply ‘with the Standard for Fusing Resistors and Tempe
Radio- and Television-Type Appliances, UL 1412.

uirements, UL
JL 248-1 and

Molded-Case

Hard for Circuit

ection against

pters, UL 943.

tors for Use in

rature-Limited
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3A.9 Marking

and labeling systems

3A.9.1 A marking and labeling system shall comply with Standard for Marking and Labeling Systems, UL
969, under the specified environmental conditions.

Exception: A marking or labeling system that complies with Section 47 of this standard is considered to
fulfill the requirement.

3A.10 Power

supplies

3A.10.1 A Class 2 power supply shall comply with one of the following:

a) Th

b) Th
60950
requir

3A.10.2 A no
a) Th

b) Th
6095(

3A.11 Printed

3A.11.1 Print
Boards, UL 74

Exception: A
requirements
bond between
coming in con

Stalldald fUI C:aoo 2 PUVVUI Ull;to
-1, with an output marked “Class 2", or that complies with the limited power
ements and is marked “LPS”.
n-Class 2 power supply shall comply with one of the following:

e Standard for Power Units Other Than Class 2, UL 1012; or

1.

wiring boards

bd wiring boards, including the coatings, shall comply with the Standard for
6.

printed-wiring board in a Class-2 nonsafety circuit is not required to comply wi
n the UL 796 if the board is-separated from parts of other circuits such that Ig
the foil conductor and. the base material will not result in the foil conductors (
tact with parts of other circuits of the control or of the end-use product.

e Standard for Information Technology Equipment, Part 1. General Requirenpents, UL

source (LPS)

e Standard for Information Technology Equipment/Part 1: General Requirements, UL

Printed-Wiring

th the bonding
osening of the
br components
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3A.12 Semiconductors

3A.12.1 A power switching semiconductor device that is relied upon to provide isolation to ground shall
comply with the Standard of Safety for Electrically Isolated Semiconductor Devices, UL 1557. The
dielectric voltage withstand tests required by UL 1557 shall be conducted applying the criteria of section
32 of this standard.

3A.12.2 An optical isolator that is relied upon to provide isolation between primary and secondary circuits
or between other circuits as required by this end product standard shall comply with the Standard for
Safety for Optical Isolators, UL 1577. The dielectric voltage withstand tests required by UL 1577 shall be
conducted applying the criteria of section 32 of this standard.

3A 13 S | ol o (P H (P L | Al Ll il
. uppl reinarirourativurt, irtouratiny Juoriiiiyo, altu dootTITIvTy aluo

3A.13.1 The fequirements for supplemental insulation (e.g. tape, sleeving or tubing) shall cpmply with the
following:

a) Ingulating tape shall comply with the Standard for Polyvinyl Chloride} Polyethyléne, and
Rubbér Insulating Tape, UL 510;

b) Slgeving shall comply with the Standard for Coated Electrical Sleeving, UL 144[1;
c) Tuping shall comply with the Standard for Extruded Yasulating Tubing, UL 224.

3A.13.2 Wire|positioning devices shall comply with sections™8 and 20. A device that complies with the
Standard for Rositioning Devices, UL 1565, is considered“o comply with this requirement.

3A.13.3 Insulgting bushings that comply with 3A.1¢cand the Standard for Insulating Bushingp, UL 635, are
considered to|comply with the requirements of this' Standard. Tests specified in this standdrd (e.g. Strain
Relief Test) shall be performed, as required,st6-confirm the combination of the insulating byshing and the
supporting pafts are suitable.

3A.14 Valves|(electrically operated).and solenoids

3A.14.1 Electyically operated valyes shall comply with the:

a) Standard for Electrically Operated Valves, UL 429; or

Requifements, UL 60730-1; and the Standard for Automatic Electrical Controls for[Household
and Similar Use, Part 2: Particular Requirements for Electrically Operated Water Malves,
Including Mechanical Requirements, UL 60730-2-8.

b) Stjndard for Automatic Electrical Controls for Household and Similar Use, Part|1: General

3A.14.2 Solenoids shall comply with the applicable construction and performance requirements of this
standard.
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4 General

4.1 A component of a control shall be used in accordance with 3A.1.
4.1 revised April 22, 2011

4.2 A safety control incorporating a transformer, relay, or the like, shall be supplied by a circuit consisting
of a two-wire, one-side grounded system having a voltage rating of not more than a nominal 120 volts. A
switch or protective device shall be in the circuit electrically connected to the ungrounded supply
conductor.

4.3 A control shall withstand without damage or shift of calibration in excess of limits specified in 29.1.5
— 29.1.9, the effects of overriding temperature or pressure on the sensing element when tested in

accordance
4.4 Switch cq
supervising a
compartment

Exception No

gas-containing compartment of a control intended for use only in an intrinsically safe circu

Exception No
than 125 volt
so that only o

4.5 A temper
self-contained

4.6 The upwa
percent of the|

4.7 As an altg
position upon

AT : -
Uriesc TCUUITTSTTICTItS.

ntacts, a resistance heating element, or an item that may arc or glow in
flammable gas shall not be located in a compartment containing the gal
hat may contain gas in case of the rupture of a bellows or diaphfagm.

1: Electrical parts including switch contacts and resistance ‘eléments may b
2: A coil may be located in a gas-containing compartment of a control ratg
ac provided the coil assembly (coil and leads) is_eéncapsulated, and is arrangé

he side of the encapsulated coil assembly is exposed to the gas.

hture operated limit control actuated by a“Change in the pressure of a fluid
bulb or capillary tube shall be designed in conformance with 4.6 and 4.9 or

ird shift of operating temperature dpon loss of any of the fluid-charge shall
initial operating temperature based on degrees Fahrenheit.

brnate to 4.6, if the designyis such that the contacts of the control will not as
loss of the fluid-charge and/or loss of a small amount of the charge may cau

shift of operating temperature, the\eontrol shall confirm with 4.8 and the fluid-charge cont

each control

a) Prior to filling the*system with the charge, the complete system consisting of th
capillgry tube,-and the diaphragm or bellows shall be checked for leakage with air

shall

systemn when the control sensing element is subjected to a temperature of 110 pe
rated hominal operating temperature of the control, and

hall be subjected to'the following production test by the manufacturer.

e no_evidence of leakage at a pressure 50 percent greater than that develo

a control for
S, including a

e located in a
t.

d at not more
pd and located

confined in a
4.7 — 4.9.

not exceed 5

sUMe an open
se an upward
hining parts of

b bulb,

or gas. There
bed within the
cent of the

b) After determining the operating temperature of the completely assembled control, the
sensing element shall be subjected to its maximum rated operating temperature for a period of
24 hours. Following this exposure test, the control is to be cooled to 77°F (25°C). The operating
temperature of the control is to be determined. There shall be no deviation from the original
operating temperature;

c) With reference to (a) and (b) above, other tests may be considered and accepted if found to
achieve the results contemplated.
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4.8 The temperature sensing element shall be located or constructed so that it is not likely to be damaged
during installation or use. The bulb and capillary tube of a remote sensing element shall conform to 37.4.
A separate shroud or sleeve may be employed for protection of the bulb and capillary tubing to achieve
conformance with 37.4.

4.9 The contacts of the control shall remain closed at an ambient temperature of 0°F (minus 17.8°C).

4.10 The maximum temperature set point of a control shall not exceed the safe limits of temperature of
bimetals or other materials employed in the zone of the media to be controlled.

4.11 A pressure control, in which a flexible diaphragm, bellows or similar construction constitutes the only
flammable-fluid seal, shall have the atmospheric side of the diaphragm or bellows enclosed in a casing
ConstrUCtEd t :;III;t U/\tcllla: :Uag\auc ;II thU UVCIIt Uf d;aphlaulll Ul bC”UVVO |uptulc, Ul oha” h Ve prOVISIOnS
for connection| of a vent pipe or tubing intended to use routed to the outdoors or other location acceptable
for venting. S¢e 5.5, 5.6, and 36.5.

4.12 A contrdl that is intended to supervise the pressure of fuel oil Nos. 1 — 64s-not requ|red to comply
with 4.11 proyided three samples of the control, when subjected to a 100,000-cycle emdurance test,
comply with 31.1 without leakage during the test and when subjected to_a hydrostatic test of four times
the rated pregsure following the Endurance Test, Section 31, the contrdl complies with 5.5(or 5.6.

4.13 The reqpirement of 4.11 and 4.12 do not apply to a pressure-operated control paint subjected to
pressure in a pelf-contained system, such as a bulb or capillaryxtube arrangement.

4.14 Metal pdrts coming in contact with a diaphragm shall have no sharp edges, burrs, prpjections, etc.,
which might chafe or abrade the diaphragm.
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4.15 An operation spring shall be retained and arranged to prevent abrasion, binding, buckling, or
interference with its free movement.

4.16 A liquid level limit control may include snubbers, time delay, or other means to delay control action
for the purpose of preventing unnecessary shut-downs due to fluctuating liquid level. Such means shall
conform with all requirements for materials, secureness, spacings, etc., specified herein and shall be so
constructed that its failure will not negate the function of the control. Under normal service conditions the
time delay shall not exceed 90 seconds. See 29.1.11.

4A Safety Related Software

4A.1 Fan, regulatrng water heater temperature regulatlng and I|m|t controls that employ mlcroprocessors

that include s

Components,
Components.

Exception:

4A.2 When &

1998, the sof

controls shall
be defined as

4B Electronic

4B.1 Fan, req

failure of an e
properly or de
in 31A.3.

Exception:

4B.2 For con
Failure Mode
Electromagne

(
application, W
software evalliation per clause 4A.2 is not required.

(
application, wj
relevant safet]

UL 1998 as modrfred in Supplement SA of this Standard Software N\

nless otherwise declared by the manufacturer or determined{By specifi
ater feed controls are generally considered as operating (nah-safety) ¢

Revised 4A.1 effective June 30, 2011

pplying the requirements in the Standard for Software*in Programmable Co
ware Class for boiler liquid level controls, pressdre limit controls, and ten
be defined as Class 2. The software Class far_fah controls and for regulating
Class 1.

Controls

ulating, water heater temperature-regulating, and limit controls shall be de

ection of the fault and safe shutdown of the control. The faults to be evaluate

Unless otherwise declared by the manufacturer or determined by specifi

requirements\of this standard apply with respect to electric shock and fire |
Revised 4B.1 effective June 30, 2011

rols that’incorporate electronic circuits, compliance is to be determined by
Effect Analysis (FMEA) Procedures, 31B, Mains Borne Perturbations,

hter feed controls are generally considered as operating (non-safety) control§.

rogrammable
Programmable

C end-product
pntrols and a

mponents, UL
perature limit
controls shall

signed so that

ectronic component results in ‘either continued operation with all safety functjons operating

| are specified

C end-product
As such, the
azards.

Section 31A,
Magnetic and

ic\Risturbances, and 31C, Thermal Cycling Test for Electronic Devices.
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5 Materials

5.1 A fluid-confining part (for example, a pressure switch for gas or oil) or an operating part, if
deterioration or breakage of the part will allow leakage of a fluid that may result in a risk of injury to
persons or prevents the control from functioning, shall be made of material having a melting point (solidus
temperature) of not less than 950°F (510°C) and a tensile strength of not less than 10,000 psi (68.9 MPa)
at 400°F (204°C). Such a part shall not sag, distort, melt, oxidize, or leak fuel during any of the tests

specified in th

Exception:

is standard.

diaphragm, or gasket that is resistant to the action of fluid with which it may be in contact.

[ L
Sian

The requirements regarding melting point and tensile strength do not apply to a seal ring,

e resistant to

5.2 A part, i
atmospheric d
permit externg

5.3 A brass g
resistant to th

5.4 A part m
Ammonia Air
equipment m3

5.5 If a contrg
stainless stee
from a rupture
the control be
5.6 If a contrg
steel, or matg
ruptured elem
6 Frame and

6.1 General

6.1.1 The me|
with operating

6.1.2 An eleg

Lol ™ +ho HII T N bl [N A H L
LTUUITTYy A oricatit,  vapiidary  tuuT, YUy, VIl UTTHTUVWO, Ul Ulaprirayitt, LY

orrosion and attack by the liquid or gas it may contact in service if failure
| leakage of a combustible fluid or cause the control to malfunction.

b corrosive effects of fuel oils.

ade of brass containing more than 15 percent zinc shall”withstand the
Stress Cracking Test, Section 39, if failure of thespart in operation of
y result in a risk of fire, explosion, or injury to persaens:

| with a bellows, Bourdon tube, diaphragm, or Similar element is made of Ty
, or material of equivalent resistance to corrosion, it shall be constructed s
d element will be into the control enclosute,“the leakage shall be released to
ore entering any opening provided for_conduit connection.

| with a bellows, Bourdon tube, diaphragm, or similar element is made of Typsd
rial of equivalent resistance te'corrosion, it shall be constructed so that Ig
ent will be to the exterior of the control enclosure only.

Enclosure

chanism of<a.control shall be protected by an enclosure to avoid damage to
parts.

6.1.1 effective November 3, 1995

bf the part will

loy containing less than 81 percent copper and more than 9 percént’zinc is mpot considered

10-Day Moist
the controlled

pe 316 or 321
b that leakage
the exterior of

301 stainless
akage from a

br interference

vell as means

tron’ tube shall be enclosed or protected against damage. Such tubes, as V

provided for manual manipulation, shall be so located with respect to uninsulated live parts that there will
be no liability of a person coming in contact with such live parts during the normal changing of the tube
or during manual manipulation of parts intended for such purpose.

6.1.3 A piece such as a dial or nameplate which is in effect a part of the enclosure, shall be of a metal
or other material as specified for the enclosure.
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6.1.4 A nonmetallic part such as a reset knob, lever, or button protruding through a hole in the enclosure
shall be made of self-extinguishing material if the hole is not larger than the area of a 7/8 inch (22.2 mm)
diameter circle. Nonmetallic parts protruding through a hole larger than the area of a 7/8 inch (22.2 mm)
diameter circle shall be made of materials conforming to 6.1.10.

6.1.5 Openings for connection to piping (including vent lines) shall be threaded in accordance with the
Standard for General Purpose (Inch) Pipe Threads, ANSI/ASME B1.20.1-1983(R1992).

6.1.6 Cast metal for an enclosure shall be at least 1/8 inch (3.2 mm) in thickness at every point, of greater
thickness at reinforcing ribs and door edges, and not less than 1/4 inch (6.4 mm) in thickness at tapped
holes for conduit; except that, other than at plain or threaded conduit holes die-cast metal shall be not less
than 3/32 inch (2.4 mm) in thickness for an area greater than 24 square inches (155 cm?) or having any

(102 A (TN

dimension gr
for an area of
mm). The are
reinforcing rib
be employed
box and if the
does not excs
be employed
circuits.

6.1.7 The thid
be not less th
metal shall bg
connected.

6.1.8 A transf
within a comb
0.026 inch (0.
galvanized; ex
if uncoated ar
end bell havin
at the base of
of 6.1.6.

6.1.9 Glass d
displaced in s
not more thal
thickness. Glg
no dimension

+ o FadiH L AY Al L o | +h 11446 b (1 &
atch urarT U IimieliC o (LJ4. 5 T, Ay orfiall v TTUt 1T oo thart L7 LU et (L. U T

24 square inches (155 cm?) or less and having no dimensions greater than'é
A limitations for metal 1/16 inch (1.6 mm) in thickness may be obtained by th
5 subdividing a larger area. Die-cast metal of 0.035 inch (0.89 mm) minimum
n lieu of 1/16 inch (1.6 mm) thick die-cast metal if the enclosure willynot be ug
\voltage rating of the complete control is such that the potential between any t
ed 250 volts ac or dc, and die-cast metal of 0.028 inch (0.72xmm) minimum
n lieu of 1/16 inch (1.6 mm) thick die-cast metal for an enclosure housing o

kness of a sheet-metal enclosure shall be as indicated in Table 6.1, except
an 0.032 inch (0.81 mm) thickness [0.034 inch(0.86 mm) if zinc-coated] &
not less than 0.045 inch (1.14 mm) in thickness at points where a wiring s

ormer shall be housed within its ownzenclosure or within the main enclosure
nation thereof. A sheet-steel transformer enclosure shall have a thickness o
E mm) (No. 22 MSG) if uncoated’and not less than 0.029 inch (0.74 mm) (N
cept that sheet steel having a'thickness of not less than 0.020 inch (0.51 mm)
d not less than 0.023 ineh(0.85 mm) (No. 24 GSG) if galvanized may be us
j maximum dimensions of 2-1/4 inch (57.2 mm) on the flat portion and 1-1/2 i
the drawn portion.A\cast-metal transformer enclosure shall comply with the

overing an<observation opening shall be secured in place so that it can
prvice, add shall provide mechanical protection for the enclosed parts. Glass

) in thickness

inches (152.4
e provision of
thickness may
ed as a splice
vo conductors
hickness may
ly low-voltage

hat steel shall
nd nonferrous
ystem is to be

of a control or
[ not less than
0. 22 GSQG) if
(No. 24 MSG)
bd for a drawn
nch (38.1 mm)
requirements

hot be readily
or an opening

W 4 inches (101.6 mm) in any dimension shall be not less than 1/16 in

(1.6 mm) in

ss.fora larger opening, but not more than 144 square inches (929 cm?) in arpa and having

greater than 12 inches (304.8 mm), shall be not less than 1/8 inch (3.2 m

]

in thickness.

6.1.10 deleted April 22, 2011.
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6.1.11 deleted April 22, 2011.

6.1.12 If threads for the connection of conduit are tapped all the way through a hole in an enclosure wall,
or if a construction that has been determined to be equivalent is used, there shall not be less than 3
threads in the metal, and the construction of the control shall be such that a conduit bushing can be
attached as intended.

6.1.13 If threads for the connection of conduit are not tapped all the way through a hole in an enclosure
wall, conduit hub, or the like, there shall not be less than 3-1/2 threads in the metal; and there shall be a
smooth, rounded inlet hole for the conductors that affords protection to the conductors that have been
determined to be equivalent to that provided by a standard conduit bushing and that has an internal

diameter approximately the same as that of the corresponding trade size of rigid conduit.

6.1.14 In an ¢
engaging the

6.1.15 Excep
swaging, stak
N), a bending
each applied

6.1.16 For thq
to support a W

6.1.17 For thg
conduit fittingg
the lever arm
of application
tending to tigh

nclosure threaded for support by rigid conduit, at least five full threads shall\g
conduit.

as noted in 6.1.18, a conduit hub or nipple attached to the e€nclosure o
ng, or similar means shall withstand, without pulling apart, a direct pull of 20
moment of 600 pound-inches (67.8 N-m), and a torque of ‘600 pound-inch
n turn for 5 minutes.

b pullout test, the control is to be supported by rigid“conduit in the intended
eight of 200 pounds (90.7 kg).

e bending and twisting tests, the control is to be rigidly supported by means
. In the bending test, the force is to be applied to the conduit at right angles 1
is measured from the wall of the enclgsure in which the hub or stud is locatg
pf the bending force. In the torsion test, the force is to be applied to the condu
ten the connection, and the lever-arm is to be measured from the center of

e provided for

f a control by
D pounds (890
bs (67.8 N-m),

manner and is

other than the
o its axis, and
ed to the point
t in a direction
he conduit.
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6.1.18 With regard to 6.1.16 and 6.1.17, distortion of the enclosure does not constitute a failure. The test
may be discontinued when noticeable distortion occurs.
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6.1.19 A plate or plug for an unused conduit opening or other hole in the enclosure shall have a thickness

not less than:

a) 0.014 inch (0.36 mm) for steel or 0.019 inch (0.48 mm) for nonferrous metal for a hole
having a 1/4 inch (6.4 mm) maximum dimension; and

b) 0.027 inch (0.69 mm) steel or 0.032 inch (0.81 mm) nonferrous metal for a hole having a
1-3/8 inch (34.9 mm) maximum dimension.

A closure for a larger hole shall have a thickness equal to that required for the enclosure of the device or
a standard knockout seal shall be used. Such plates or plugs shall be securely mounted.

6.1A Polymer‘i\; matC| ;a:o Al Id 1 Ib:UDUICO

6.1A.1 The n
enclosure of t

6.1A.2 Unles
polymeric en
Materials — \
determined by
Appliances, U

6.1A.3 Metall
of the Standd
requirement is
the metallized
externally.

6.2 Accessibi

6.1A added April 22, 2011

echanical strength of a nonmetallic enclosure shall be at least equivalent to
ne minimum thickness specified in Table 6.1.

otherwise specified in sections 6 and 8, polymeric electreal insulating

losures shall comply with the applicable requirements<of the Standard
se in Electrical Equipment Evaluations, UL 746C/ The material flamma3
tests in the Standard for Tests for Flammability of Rlastic Materials for Parts i
| 94,

zed or painted polymeric parts or enclosures shall comply with the applicable
ird for Polymeric Materials — Use in Electrical Equipment Evaluations, U
not applicable to exterior surfaces of polymeric enclosure materials or parts
coating or paint does not offer .ageontinuous path for an internal flame

ity of live parts

6.2.1 Electric

with an uninsdilated live part. Additionally, electrical parts shall be located or enclosed so
against unintgntional contact or shorting of live parts that could result in a malfunction of

equipment is

uninsulated liye part.

Exception:

6.2.2 An opening/in an enclosure of a control may be used if an accessibility probe as illust

| parts of controls shall*be located or enclosed to reduce the risk of uninte

rovided. For the purpose of these requirements, film-coated wire is consid

enclesdre is not required for a device intended for assembly as part of and

a sheet metal

materials and
for Polymeric
bility class is
n Devices and

requirements
L 746C. This
provided that
to propagate

ntional contact
hat protection
the controlled
ered to be an

ther device.

ated in Figure

6.1, when inserted into the opening, cannot be made to touch any part that involves the risk of electric
shock to the end-user or service personnel. However, in no case shall the opening be large enough to

permit the ent

rance of a 1 inch (25.4 mm) diameter rod.

6.2.3 The accessibility probe shall be articulated into any configuration and shall be rotated or angled to
any position before, during, or after insertion into the opening, and the penetration shall be to any depth
allowed by the opening size, including minimal depth combined with maximum articulation.
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6.2.4 If any part of the enclosure must be opened or removed as part of normal operation, regular
adjustment, or regular or required maintenance (set point adjustment, timer, or time of day clock
adjustment, battery replacement, and the like) with or without the use of tools, or can be opened or
removed without the use of tools, the accessibility probe is to be applied without the part in place.
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Figure 6.1
Accessibility probe

Figure 6.1 effective November 3, 1995
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6.3 Covers and doors
6.3.1 Doors or covers shall be provided with means for securing them to the enclosure.

6.3.2 Sheet metal screws threading directly into metal brackets or enclosure walls shall not be used for
attachment of covers, or doors which have to be removed for installation or operation of the equipment.
They may thread into spring steel nuts permanently held in place and protected against corrosion.
Machine screws and self-tapping machine screws may thread directly into sheet-metal walls.

6.3.3 A snap-on cover which gives access to bare live parts and which does not require a tool for removal
shall withstand the following tests:

a) A g
of 14
5 inch

cover

R OVer—Y ovetw - asetw gueezing force
pounds (62.3 N) is applied at any two points, the distance between which ‘shiall not exceed
es (127 mm), as measured by a tape stretched tightly over that portion ©f,the|surface of the
which would be encompassed by the palm of the hand. The test shall be pefformed before

and after ten removal and replacement operations;

b) A ¢over shall not become disengaged from the case when a direet pull of 14 pqunds (62.3 N)
is applied. For this test, the cover is to be gripped at any two convenient points. The test shall be
performed before and after ten removal and replacement operations; and

c) A ¢over shall be capable of withstanding an impact ferce of 1 foot-pound (0.138[kg-m) applied
to thel accessible faces of the cover (one blow per face) without being displaced.| The radius of
the bgll used for this test shall be not less than 1 ineh (25.4 mm).

6.3.4 All nonmetallic covers which give access to bare’live parts shall comply with the rg
6.3.3 with the|cover screws tightened, and with the>Cover screws loosened one full turn.

6.3.5 An encl
device, the no
in connection

psure cover shall be hinged ifsit-gives access to fuses, thermal cutouts, or

with the normal operation 0f-the control.

6.3.6 A door ¢r cover giving access.to fuses or thermal cutouts in other than low-voltage cir
against a 1/4 inch (6.4 mm) ralibet, or the equivalent, or shall have either turned flanges for
of four edges |or angle strips'fastened to it. Flanges or angle strips shall fit closely with the
walls of the bpx and shall.ovérlap the edges of the box not less than 1/2 inch (12.7 mm).

which affords fequivalett/protection or a combination of flange and rabbet is acceptable.

6.3.7 Strips used. to-provide rabbets or angle strips fastened to the edges of a door shall
not less than fwo_points, not more than 1-1/2 inches (38.1 mm) from each end of each strif

quirements in

ANy protective

rmal functioning of which requires renewal or resetting, or if it is necessary to ¢pen the cover

tuits shall shut
the full length
outside of the
A construction

be secured at
and at points

between these end fastenings not more than 6 inches (152.4 mm) apart.

6.3.8 A hinged cover shall not depend solely upon screws or other similar means requiring the use of a
tool to hold it closed but shall be provided with a catch or spring latch; except that if a hinged cover is
provided, although not required, a hasp, sliding latch, or other means for holding the cover closed may be
employed.

6.3.9 No wires other than those leading to a part mounted on the door or cover or those of a low-voltage
nonsafety circuit shall be brought out through the door or cover of an enclosure.


https://ulnorm.com/api/?name=UL 353 2011.pdf

16 LIMIT CONTROLS - UL 353 SEPTEMBER 23, 1994

6.3.10 If low-voltage nonsafety wiring is brought out through the door or cover, the construction shall
conform with 9.1.15 and 20.1.3. Also, the construction shall be such that the wires are not subject to strain
or mechanical injury when the door is opened as the cover is removed.

6.4 Openings
6.4.1 An opening shall not be provided in an enclosure that houses a fuse or any portion of a circuit
breaker other than the operating handle, unless the construction affords containment of electrical fault

disturbances equivalent to that provided by an enclosure complying with the requirements in 6.3.6 — 6.3.8.

6.4.2 The following requirements apply to openings:

a.) A \JPUII;IIH oha” IIUt bc 'JIUV;dCd ;II A \.’Umpaltlllcllt Ul Palt Uf art CIIb:UOUIU that Contains

field-wiring splices in a line-voltage circuit.

b) Nd openings shall be located in the mounting surface of an enclosure.
Exceftion: The following openings may be located in the mounting surface of an|enclosure:
a) A mounting opening.

b) A maximum of four openings provided for the€scape of air or paint dufing a painting
process. The maximum dimension of such an opéening shall not exceed 1/8 jnch (3.2 mm).

¢) A maximum of four unused holes provided for mounting of internal components. The
maximum dimension of such an opening-shall not exceed 3/16 inch (4.8 nym).

c) If the bottom surface is not the mounting“surface, an opening may be provided in the bottom
surfade of an enclosure if the opening doees not permit materials to fall directly out frpm the interior
of the|unit. See Figure 6.2 for an example of a construction that may be used.

d) The shortest distance betweenan opening and the bottom of an enclosure or afwall-mounting
surfade shall be at least one-quarter of the enclosure height or depth, respectively, pr 1 inch (2.54
mm), Whichever is less.

e) There shall be no.emission of flame or molten material, or manifestation of risk of fire, during
normgl or abnormal tésts on the control, such as transformer burnout and burnout jof a relay with
blocked armaifuire:

f) Unless.the construction of a device provided with forced ventilation is such that there is no
direct|path between live parts and the outlet opening, burnout tests in addition to th¢se mentioned
in (e) shall be conducted to determine that there is no emission of flame or molten material
through the opening.

g) Air from an opening, either forced or otherwise, shall not be directed:
1) Into a duct or into a concealed space in a building,

2) Against the mounting surface, and
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3) So that a disturbance would be propagated to other equipment.

h) No more than four holes for mounting an enclosure having a maximum dimension of 18
inches (457 mm); six holes for an enclosure with a maximum dimension of more than 18 inches
(457 mm), but less than 48 inches (1.2 m); eight holes for an enclosure with a maximum
dimension of 48 inches (1.2 m) or more. Four of the holes for mounting an enclosure with a
maximum dimension of 12 inches (305 mm) may be keyhole slots having the configuration
illustrated in Figure 6.3. The dimensions shown in Figure 6.3 may vary if the area is equivalent.
Four of the holes for mounting a larger enclosure may be keyhole slots, the dimensions of
which are not specified, and which shall be judged with regard to the enclosure dimensions and
configuration.

6.4.2 effective November 3, 1995

6.4.3 The smpller dimension (width) of an opening in an enclosure around a dial, adjustirjg knob, lever,
handle, pointgr, or the like shall not be more than 1/8 inch (3.2 mm) for any setting of positjon of the dial,
knob, and the]like.

6.4.3 effective November 3, 1995

Figure 6.2
Bottom surface openings of enclosures
Figure 6.2 revised February 15, 1999,

2X BUT NEVER LESS

<_/THAN 1"(25.4mm)
—

BAFFLE PLATES
(MAY BE BELOW
BOTTOM OF DEVICE)

—— ] < (———

EC515C

7 Corrosion Protection

7.1 Iron and steel parts, except bearings, thermal elements, laminated relay cores, etc., where such
protection is impracticable, shall be protected against corrosion by enameling, galvanizing, sherardizing,
plating, or other equivalent means.
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Figure 6.3
Keyhole slot
15/64"
—=(6.0mm)=—
MAX.
49/64"
(19.4H|n|)
MAX.
|
|e— 25/64" ——
(9.9mm)
MAX.
EC600
7.2 The requifement of the preceding paragraph applies to enclosing cases whether of she¢t steel or cast

iron, and to ofher parts upon which proper mechatical operation may depend. It does not

of iron or steq
to result in a
against corros

8 Insulating N
8.1 Insulating
and abnormal

operation of ¢

8.2 Among th
strength; resis

| which are not current carryingf the failure of such unprotected parts woul
hazardous condition. Parts_ made of stainless steel do not require additig
ion.

laterial
materials for the stupport or separation of live parts shall withstand the most
conditions liabte to be met in service, including the influence of the arc

bntacts.

e factors to be considered in evaluating electrical insulation are mechanical
tance’to burning, moisture, arcing, and creep (flow due to stress); and therr

and resistanc

apply to parts
0 not be liable
nal protection

severe normal

ormed by the

and electrical
nal endurance

1t tamnaratiirne Aanecntintarad 1n ion

CotTCmptiottrc o ChTcoUT eI oot

8.2.1 A polymeric electrical insulating materials shall comply with the applicable requirements of the
Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C. The materials shall
have the appropriate flammability class required by UL 746C based on the equipment intended use. The
material flammability class is determined by tests in the Standard for Tests for Flammability of Plastic
Materials for Parts in Devices and Appliances, UL 94.

8.2.1 added April 22, 2011
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8.3 Vulcanized fiber may be used for insulating bushings, washers, separators, and barriers but not as
the sole support for uninsulated current-carrying parts of other than low-voltage circuits.

9 Field Wiring Connections
9.1 General

9.1.1 In 9.1.2— 9.3.1 and particularly where wiring terminals or leads are mentioned, wiring connections
are considered to be those that are made to the control when the control is installed in the field.

9.1.2 A control shall be provided with wiring terminals or leads for the connection of conductors of at least
the size required by the National Electrical Code ANSI/NFPA 70, corresponding to the rating of the

control.

9.1.3 A termi
accessible for
installed in thd
accessible up

9.1.4 A wiring
moving part, ¢

9.1.5 A lead
properties to ]

9.1.6 A field-\
standard wire
not be smalle

Exception: T
intended to be
factory-provid
complies with

a A
contrd
will bé

b) Th
lead.

inspection, without disturbing either high-voltage or safety-circuit wiring; afte
intended manner; except that for an outlet box mounted control,{wire conne
bn removal of the control from the outlet box.

space or compartment intended to enclose wires shall bé«frée of any sharp
r the like that may abrade the insulation on conductors of otherwise damage

shall be Type T wire or wire having insulationtequivalent in electrical ar
[ype T wire. A lead shall have a free length of atleast 6 inches (152.4 mm).

viring lead, other than a lead for connection‘of a Class 2 circuit, shall not be
sizes smaller than the copper conductar to which it is intended to be conne
than 18 AWG (0.82 mm?).

he lead may be more than 2-wire sizes smaller than the copper conducto
connected in the field, but $hall not be smaller than 18 AWG (0.82 mn?), if
bd copper lead is intendéd-for connection to the same supply lead, and th
all of the following conditions:

Wire connector for gonnection of the supply wire is provided as part of the un
| assembly, and the wire connector is intended for use with the combination
spliced.

e factoty-provided leads are grouped in a manner that prevents stress on ari

hal box or wiring compartment shall be so located that wire connections therein will be

[ the control is
ctions may be

edge, burr, fin,
wires.
d mechanical

more than two
ted, and shall

to which it is
more than one
e construction

it or remote
of wires that

individual

c) Th

e product is marked in accordance with 45.6.
9.1.6 revised September 30, 2010

9.1.7 A lead provided for connection to an external line-voltage circuit shall not be connected to a
wire-binding screw or pressure terminal connector located in the same compartment as the splice unless:

a) The screw or connector is rendered unusable for field-wiring connection; or

b) The lead is insulated at the unconnected end and a marking on the unit clearly indicates the
intended use of the lead.
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9.1.8 The free end of any lead that will not be used in every installation, such as a tap for a multivoltage
transformer or one free lead for a single-pole, double-throw switch, shall be insulated. For an equipment
grounding lead, see 9.1.11.

9.1.9 Leads for field connections shall be provided with strain relief to prevent mechanical stress from
being transmitted to terminals, splices or interior wiring. Each lead shall be capable of withstanding for 1
minute a pull of 10 pounds (4.45 N).

9.1.10 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 conductor visible to the
installer shall be so identified.

9.1.11 The freeentofaregupmentarotrteeonrtductorshal-bethrsutatedHorexampte—he end folded
back and tap¢d to the lead), unless the conductor is so located that it cannot contact liye parts if the

9.1.12 9.1.10|is not applicable to low-voltage nonsafety circuits under the following conditipns:

leads or wiring to low-voltage terminals are located remote\from the locatign where
high-Voltage connections are made and segregation is in accordarnce with 20.1.4, pr

low-voltage leads or terminals are specifically marked with the intended usg, such as
MOSTAT" requiring no reference to a wiring diagram.

9.1.13 A contyol shall have provision for connection of one ‘of'the wiring systems that, in agcordance with
the National Hlectrical Code ANSI/NFPA 70, would be suitable for the control.

9.1.14 A control which is suitable for use only withfittings of one type of wiring system shall be supplied
with such a fitting and the control shall be marked'to indicate that it must be installed with the applicable
wiring system| The marking shall be located s@.that it is visible at the time the installation cgnnections are
made.

9.1.15 An opgning with an insulating=bushing may be provided for the entry of a conductor(s) of a
low-voltage cifcuit other than a safety control circuit. The bushing may be mounted in place [in the opening
or may be within the enclosure(for mounting when the control is installed.

9.1.16 A busnlring of rubber or rubber-like material provided in accordance with 9.1.13 shall be 1/8 inch
(3.2 mm) or more in thiekness along the inside edge of the opening, except that it shall nqt be less than
1/16 inch (1.6)Jmm)_in‘thickness (with a minus tolerance of 1/64 inch (0.4 mm) if the metal afound the hole
is eyeleted or|similarly treated to ensure smooth edges. A bushing shall be so located that it will not be
exposed to oi| grease, oily vapors, or other substance having a deleterious effect on the material of the
bushing. A hole in which such a bushing is mounted shall be free from sharp edges, burrs, projections,
etc., which might damage the bushing.
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9.2 Terminals

9.2.1 A wiring terminal shall be provided with a soldering lug or pressure terminal connector fastened in
place (for example, firmly bolted or held in place by a screw.)

Exception No. 1: A wire binding screw is able to be employed at a wiring terminal intended to
accommodate a No. 10 (5.3 mm?) or smaller conductor when upturned lugs, corners, or the equivalent
are provided to hold the wire in place.

Exception No. 2: Push-in terminals are able to be employed for connection of No. 12 (3.3 mm?) or smaller
conductors.

Exception No3-A-gtick-conrecHype-termra-is-ableto-be-emptoyecortow-voftage-ciretits that are not
safety-control|circuits.

Revised 9.2.1 effective March 5, 1999
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9.2.2 A wire-binding screw shall be minimum No. 8 (4.2 mm diameter).

Exception: A No. 6 (3.5 mm diameter) screw may be used for the connection of a conductor not heavier
than 14 AWG (2.1 mm@).
9.2.2 revised September 30, 2010

9.2.3 A terminal plate tapped for a wire-binding screw shall be of metal not less than 0.030 inch (0.76
mm) in thickness for a 14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch (1.27 mm) in
thickness for a wire larger than 14 AWG (2.1 mm?); and in either case, there shall be not less than two

full threads in

the metal.
9.2.3 revised September 30, 2010

9.2.4 A wire-lpimding Screw shattthread o metat:

9.2.5 Push-in
described in S

9.2.6 Quick g
interlocked to
instructions fo

9.2.7 Except
make metal t
conductor is S

(screwless) terminals shall be evaluated on the basis of pullout and tem
ection 40, Push-In Terminals.

onnect type terminals shall be provided with means to permit-them to be
the mating terminals and the mating terminals shall be shipped with the contrg
[ their installation.

for low-voltage nonsafety circuit terminals shall bedso’ constructed that the
b metal contact with the terminal plate as well.as with any wire binding sgG
ecured to the terminal.

9.2.8 A termimpal intended for connection of a groundedupply conductor shall be of or pla

that is substar]
of that termin
intended for d
and shall be d

9.2.9 A termi
securing a co
Electrical Cod
or the equivg
Sheet-metal

Exception No.
at a wiring ten

tially white in color and shall be readily.distinguishable from other terminals, g
bl shall be shown in some other manner, such as on an attached wiring di
onnection of a grounded supply conductor shall be finished to show a white
istinguishable from the other |&ags.

9.2¢8 revised September 30, 2010

hal solely for the connection of an equipment grounding conductor shall

nductor of the sizesintended for the particular application, in accordance wit
e ANSI/NFPA 70. The connection shall be made by means of a pressure con
lent. A connection device or fitting that depends solely on solder shall
crews shall™not be used to connect grounding conductors to enclosures.

1: AN@:"10 or larger wire-binding screw or stud-and-nut combination is able t
mirial intended to accommodate a 10 AWG (5.3 mm?) or smaller conductor |

perature tests

mechanically
| together with

conductor will
rew when the

ted with metal
r identification
hgram. A lead
or gray color

be capable of
h the National
nector, clamp,
not be used.

b be employed
vhen upturned

lugs or the eq

[valent are provided to hod the wire in position. See 9.2.1

Exception No. 2: A No. 8 screw or stud-and-nut combination is able to be used at a terminal intended only
for the connection of a 12 AWG (3.3 mm?) conductor.

Exception No. 3: A No. 6 screw or stud-and-nut combination is able to be used at a terminal intended only
for the connection of a 14 AWG (2.1 mm?) conductor.

9.2.9 revised September 30, 2010
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9.2.10 A wire binding screw intended for the connection of an equipment grounding conductor shall have
a slotted or hexagonal green-colored head. A pressure wire connector intended for connection of such a
conductor shall be identified by being marked G, GR, GROUND, GROUNDING, the grounding symbol
illustrated in Figure 9.1, or by a marking on a wiring diagram provided on the control. The wire-binding
screw or pressure wire connector shall be located so that it is unlikely to be removed during intended
servicing of the fan.
9.2.10 revised March 5, 1997
Figure 9.1
Grounding symbol
Figure 9.1 revised February 15, 1999

9.2.11 If a cgntrol includes a lampholder of the Edison screw shell type, the identified tefrminal or lead
shall be electijically connected to’the screw shell of the lampholder.
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9.3 Wiring space

9.3.1 Space shall be provided within the enclosure of a control to allow room for the distribution and
stowing of wires and cables required for the wiring of the control. See also 23.3.

10 Current-Carrying Parts
10.1 Current-carrying parts shall be silver, copper, copper alloys, or other metal recognized for such use.

10.2 Uninsulated live parts, including terminals and contact assemblies, shall be secured to their
supporting surfaces by methods other than friction between surfaces so that they will be prevented from

turning or shifting in position.

10.3 A lock w
11 Internal W
11.1 The inte
and voltage td

comply with th

Exception No
following:

a) Th
b) Th
c) Th

d) Th
Methd

Exception No,
and located i
Standard for A

11.2 Except
conductors hg
for a high-vol

asher is generally acceptable to prevent turning of a terminal or connectjon
iring

nal wiring of a control shall consist of wires of types which are suitable for th
which the wiring is to be subjected. Internal wiring composed ef insulated cg

e Standard for Appliance Wiring Material, UL 758.

1: Insulated conductors need not comply with WUL\758 if they comply w|

e Standard for Thermoset-Insulated Wires and Cables, UL 44;
e Standard for Thermoplastic-Insulated\Wires and Cables, UL 83;
e Standard for Fixture Wire, UL 66, 0r

e applicable standard(s) for ether insulated conductor types specified in Cha
ds and Materials) of NEPA\70.

2: Insulated conducters for specialty applications (e.g. data processing or co
a low-voltage circuit not involving the risk of fire or personal injury need n
\ppliance Wiring Material, UL 758.
11.1 revised April 22, 2011

hs provided in 11.4 and 11.5, the internal wiring of a control shall consig
ving_a*voltage rating and ampacity suitable for their intended load. An insulg
age circuit shall be Type T wire or wire having insulation equivalent in m

stud.

e temperature
nductors shall

ith one of the

pter 3 (Wiring

mmunications)
bt comply with

t of insulated
ted conductor
echanical and

electrical properties to that of Type T wire. An insulated conductor for a low-voltage safety-control and
isolated limited secondary circuit shall be Type RFH-1, TF, or wiring having insulation equivalent in

electrical and

mechanical properties to that of Type RFH-1 or TF wire.

11.3 These requirements are not intended to exclude the use of printed wiring material.
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11.4 Where the use of a short length of suitable insulated conductor is not feasible (e.g., a short coil lead
or the like), noncarbonized beads or electrical insulating tubing may be employed. Tubing is not to be
subjected to sharp bends, tension, compression, or repeated flexing, and is not to contact sharp edges,
projections, or corners. The wall thickness at any point for the smallest sizes of polyvinyl chloride tubing
is to be not less than 0.017 inch (0.43 mm). For insulating tubing of other types, the thickness shall be not
less than that providing mechanical strength, dielectric properties, heat and moisture-resistant
characteristics, etc., at least equal to those of 0.017 inch (0.43 mm) thick polyvinyl chloride tubing.

11.5 A bare conductor may be employed within an enclosed control for a short wire length if it is
impractical to insulate such conductor.

11.6 A bare conductor or a conductor ut|I|Z|ng tubmg or noncarbonlzable beads for insulation shall not be
employed ou COr the required
spacings will be maintained.

11.7 Wireways shall be smooth and free from sharp edges, burrs, fins, moving.parts, etc., which may
cause abrasign of the insulation on conductors. Mounting screws shall not prejeet more than 3/16 inch
(4.8 mm) into Ja wireway and such screws shall have flat or blunt ends.

11.8 Holes in|sheet-metal walls through which insulated wires pass and<orm which they may bear shall be
provided with [smoothly rounded bushings or shall have smooth, rounded surfaces upon which the wires
may bear to prevent abrasion of the insulation.

11.9 A joint gr connection shall be mechanically secure and.provide reliable electrical cpntact without
strain on cofnections and terminals. Except as noted\ih 11.10, soldered connectlons shall be
mechanically secure before being soldered.

Exception: Joints and connections need not be made mechanically secure before soldering if a soldering
or brazing material having a softening or melting-\point greater than 454°C (849°F) is used
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11.10 Connections made to a printed wiring board need not be made mechanically secure if:

a) A soldering or brazing material having a softening or melting point greater than 454°C (849°F)
is used,;

b) A hand-soldered lead is passed through a hole in a printed wiring board and bent 90 degrees

to the

board to make contact with the conductor before soldering; or

¢) Soldering is done by a machine process in which the soldering time and solder temperature
are automatically controlled.

11.11 A joint shall be provided with insulation equivalent to that required for the wires involved if

permanence
dead-metal p3

12 Grounding

12.1 A contrg
all noncurrent
normal operat
electrical fault

12.2 To deter
as proximity t
burnout and ¢
internal cover
is exposed to
or by probe 9
baffles, is con

12.3 Metal pg
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parts.

b) Isq
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are s¢

£ H hat +la. et H lotadl L 4 £ it 1 HEs
I opavilty JTuwTTIT uic jultit uririourattu nve  parto Ul UYJpPUOoItT puiarity

rts is not ensured.

, except one intended for use only in low-voltage circuits, shall have provisior
carrying metal parts which are exposed or which are liable to'ge‘touched by a
on of adjustment of the control, and which are liable to become energized ag

Mmine if a part is liable to become energized, it will‘be evaluated on the basis

Db wiring and live parts, thickness and type of dnsulation, and by tests whic
ielectric withstand after overload, endurance,.conditioning, or aging. Guard
5 which do not require tools for removal will-be removed when determining

contact. A part that can be contacted by'a 3/4 inch (19.1 mm) diameter rod
hown in Figure 6.1, when inserted ¢hrough openings in permanently attac
sidered exposed for the purposes-of‘grounding.

rts as described below needvnot be grounded:
hesive-attached metal-foiFmarkings, screws, handles, etc., which are located

losures or cabinets ‘and isolated from electrical components or wiring by g

lated metak.parts, such as magnet frames and armatures, small assembly
are sepdrated from wiring and uninsulated live parts.

or grounded

for grounding
person during
a result of an

f factors such
N may include
5, baffles, and
vhether a part
of any length
hed guards or

on the outside
ounded metal

screws, etc.,

hels and covers which do not enclose uninsulated live parts if insulated live p

parated from the panel or cover.

Trts and wiring

d) Panels and covers which are insulated from electrical components and wiring by an attached
insulating barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar material not
less than 1/32 inch (0.8 mm) thick.

e) A part on the back side of a component mounting panel or a part located so as to require major
disassembly by using tools, unless it is likely that servicing will be done while energized after the
disassembly has been made.
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12.4 Except as indicated in 12.3, uninsulated metal parts of cabinets, electrical enclosures, motor frames
and mounting brackets, controller mounting brackets, capacitors and other electrical components,
interconnecting tubing and other piping, etc., are to be bonded for grounding if they may be contacted by

the user or serviceman.

12.5 The following are considered to constitute means for connection to a ground:

a) In a control intended to be connected to a metal-enclosed wiring system — a knockout or
equivalent opening in the metal enclosure of the control.

b) In a control intended to be connected to a nonmetal-enclosed wiring system (e.g.,

nonm

12.6 A solde
shall not be u

12.7 An inter|
field-installed

liable to be dis

60 amperes 0

etallic-sheathed cable) — an equipment-grounding lead or terminal.

ng lug, a push-in (screwless) connector, or a quick-connect or similar frictie
5ed for a field connected grounding terminal.

nal connection for bonding internal parts to the enclosure for @reunding

Table 12.1
Quick-connect terminals for grounding internal parts

grounding conductor) may employ a quick-connect terminal, provided the ca
placed. The component is to be limited for use with a branch\gifcuit protectiv
I less and the size of the quick-connect terminals is to be*as specified in Talple 12.1.

n-fit connector

but not for a
nnector is not
e device rated

Maximum rat|

ng of branch circuit Nominal dimensions of quick-connect terminals,

protective|device, amperes Inches (mm)
PO or less 0.020 by 04187 by 1/4 (0.51 by 4.75 by 6.35)
0.032 by«0.187 by 1/4 (0.81 by 4.75 by 6.35)
0.032 by 0.205 by 1/4 (0.81 by 0.52 by 6.35)
50 or less 02032 by 1/4 by 5/16 (0.81 by 6.35 by 7.94)

12.8 The equ
enclosure by
shall penetrat
so located tha

ipment grounding terminal*or lead grounding point shall be connected to
h positive means, such as by a bolted or screwed connection. The groundi
b nonconductive ceatings, such as paint or vitreous enamel. The grounding
t it is unlikely that the grounding means will be removed during normal servi

12.9 Except s noted ins12:10, the circuitry of a limit control shall be arranged so that

grounding cot
earth ground

12.10 A singl

nection~or. conductor, the enclosure, the frame, the component mounting f
Ho notcarry current except in the instance of an electrical fault.

P point reference ground may be employed in a low-voltage or isolated limi

the frame or
ng connection
point shall be
Cing.

he equipment
anel, and the

ed secondary

circuit. The enclosure, frame or panel, including bolted joints may carry the current of a low-voltage circuit.
In neither of these instances is such current to be carried through the field-equipment grounding means,
the metallic raceway or other power-supply grounding means, or the earth ground.

12.11 A grounded circuit conductor shall not be grounded at or in conjunction with a limit control.

12.12 Live parts and wiring shall be maintained away from unbonded parts such as relay and contactor
magnets and armatures by clamping, routing, or equivalent means.
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12.13 If a component such as a remote sensor is likely to be separated from its normal grounding means
after installation in the end-use appliance for purposes of testing or adjustment while the equipment is
energized, it is to be provided with a bonding terminal or with a bonding conductor which does not require
removal for such service.

12.14 Bonding conductors shall be of copper, a copper alloy, or other material recognized for use as an
electrical conductor. Ferrous metal parts in the grounding path shall be protected against corrosion by
enameling, galvanizing, plating, or equivalent means. A separate bonding conductor or strap shall:

a) Be protected from mechanical damage or be located within the confines of the outer enclosure
or frame; and

b) Notbesee Hret-by-aremovable-fastererusedforanypurpose-othertharbending unless the
bonding conductor is unlikely to be omitted after removal and replacement of the\fastener.

12.15 Bondinp shall be by a positive means such as by clamping, riveting, bolted-or screwg¢d connection,
Soldered connections using materials having a melting point (solidus tempefature) greater
than 850°F (455°C) or by an equivalent construction conforming to 12.20. Acbonding cgnnection shall
penetrate norjconductive coatings such as paint or vitreous enamel. Bonding around a resilient mount

12.16 The cagntinuity of a grounding system shall not rely on the,'dimensional integrity pf nonmetallic
material.

12.17 A singl
least two full {
construction.

machine screw that is used for bonding purposes through screw threads shall engage at
hreads in the metal. Two sheet metal orsmachine screws will be considered|an equivalent

12.18 Unlessjtested as specified in 12.20, the size of a conductor or strap used for bonding|a motor frame
or component|shall be as specified in Table 422 or shall be the same as that of the condyctor supplying
the motor or Jomponent, whichever is the smaller.

Table 12.2
Bonding wire conductor size

Size of bonding conductor &
Rating of overcfirrent Copper wire Aluminum wire
device, ampgres AWG (mm¥?) AWG (mm¥)

15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.3)
40 10 (5.3) 8 (8.3)
60 10 (5.3) 8 (8.3)
100 8 (8.3) 6 (13.3)

a Or equivalent cross-sectional area.
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12.19 If more than one size branch circuit overcurrent device is involved, the size of the bonding
conductor is to be based on the rating of the overcurrent device intended to provide ground-fault
protection for the component bonded by the conductor. For example, if a motor is individually protected
by a branch circuit overcurrent device smaller than other overcurrent devices used with the equipment, a

bonding conductor for that motor is sized on the basis of the overcurrent device intended for ground-fault
protection of the motor.

12.20 The adequacy of a bonding connection or conductor that does not comply with the requirements in
12.15 and 12.18 shall be established by subjecting the connection to the following tests:

a) The connection or conductor shall not open under an overload test of twice the branch-circuit

overcurrent device rating, but not less than 40 amperes, maintained for the interval indicated in
Tableft2-3-

b) Three samples of the connection or conductor shall be tested and noneg(of these shall open
under|a limited short-circuit test of a current specified in Table 12.4 in series withl] a fuse of the
rating|of the branch circuit overcurrent device to which the equipment willbe conngcted. The test
circuif is to have a power factor of 0.9 — 1.0 and is to be limited to the current sgecified, at the
voltage stated in Table 27.1. The open-circuit voltage of the test cirCuit is to be not|less than 100
percent nor more than 105 percent of the specified voltage. The‘circuit is to be connected through
a nontrenewable fuse, the design characteristics of which are 'such that the fuse will not open in
less than 12 seconds when carrying twice the fuse rating¢Current.

Table 12.3
Duration of current flow, bonding eonductor test
Rating of overcurrent device, amperes Minimum duration of current flow, minyites
30 or less 2
31-60 4
61 — 100 6
Table 12.4
CircuitCapacity for short circuit tests
Combined rating of device
Circuit
Volt-amperes, Volt-amperes, Volt-amperes, cqpacity in
Volts single*phase three-phase direct-current Horsepower hAmperes
0 - 250 Q="1176 0 - 832 0 - 624 0-1/2 200
1177 — 1920 833 — 1496 625 — 1128 Over 1/2 - 1 1000
1921 — 4080 1497 — 3990 1129 — 3000 Over 1 — 3 2000
4081 — 9600 3991 — 9145 3001 — 6960 Over 3 —7-1/2 3500
Over 9600 Over 9145 Over 6960 Over 7-1/2 5000
251 - 600 0 - 1920 0 — 1496 0-1128 0-1 1000
Over 1920 Over 1496 Over 1128 Over 1 5000
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12.21 The resistance between the point of connection of the equipment grounding means, at or within the
device, and any other point in the grounding circuit shall be not more than 0.1 ohm.

12.22 Compliance with the requirements of 12.21 may be determined by a Wheatstone Bridge, except
that if unacceptable results are recorded, an alternating current of at least 20 amperes from a power
supply of not more than 12 volts is to be passed from the point of connection of the equipment grounding
means to the metal part in the grounding circuit, and the resulting drop in potential is to be measured
between the two points. The resistance in ohms is to be determined by dividing the drop in potential in
volts by the current in amperes passing between the two points. The grounding conductor of a
power-supply cord is not included in this measurement.

12.22 revised December 12, 1995

13 Protection[of USers and Service Personnel
13.1 These r¢quirements apply to live parts in other than low-voltage circuits.

hot likely to be
applicable to

s shall be located and enclosures and covers arranged so that pefsons are
ectric shock while removing or replacing a cover. This requirement is alsg
are mounted on or form a cover for a junction box or wiring ‘enclosure.

13.2 Live par
exposed to e
controls which
13.3 Live parfs which are recessed at least 1/8 inch (3.2 mm) from afy point of contact during the process
ic shock if it is

of removal an
demonstrated
the removal
providing the

13.4 Unless t
unless all live
for manual mg
enclosure. Th
operation.

13.5 Devices
servicing prod
with the requi

13.6 An unin
contact by pe
controls, lubri

gnd replacement process. Projections or guards-'may be incorporated for t

d replacement of a cover, are considered as not presenting a risk of electri
by trial removal and replacement of the cover that'the live parts cannot be co

bquivalent of the 1/8 inch (3.2 mm) recess.

he cover construction conforms with reguirements for hinged covers in 6.3.5
parts are protected as specified in 13.6, a handle, knob, or other operating m
inipulation shall be arranged so that such manipulation may be done exterio
e position of such operating nieans shall be marked, if necessary, as a gu

which involve manual operations which might be done only at the time of inst
edures, or seasonally; need not comply with 13.4 provided that the constru
ements in 13.6,.13!7, 13.14, 13.16, 13.18 and 13.19.

13.7 If the ma

bulated liveSpart shall be located, guarded, or enclosed so as to reduce the
sons wijth fhiearby live or hazardous moving parts while relamping, changing fy
ating-motors, or during other normal operations.

ntacted during
he purpose of

and 6.3.8, and
eans provided
to the control
ide for proper

hllation, during
Ction complies

likelihood of
ses, adjusting

rough which a

tool is to be mserted for adjustment or similar activity, the constructlon shall be such that uninsulated live
parts cannot be contacted through the hole or opening by a 1/16 inch (1.6 mm) diameter rod of any length.

13.8 Controls which are to be adjusted only at the time of installation, servicing, or seasonally, are to be
evaluated with respect to the foregoing requirement.

13.9 A live heat sink for a solid state component, a live relay frame, and the like, shall comply with 13.6,
13.14 and 13.18, but regardless of its location shall either be guarded to prevent contact by persons or
the equipment shall be marked in accordance with 46.3, except as permitted in 13.12.
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13.10 With respect to 13.9, it is to be noted that the size, shape, material, and color give a heat sink or
relay-frame the appearance of a dead-metal part. Other types of live parts which can be mistaken for dead
are to be evaluated similarly.

13.11 Guards, baffles, and internal covers which do not require tools for removal will be removed when
determining whether a part is exposed to contact by the user. A part which can be contacted by a 3/4 inch
(19.1 mm) diameter rod of any length or by probe shown in Figure 6.1, when inserted through openings
in permanently attached guards or baffles, is considered exposed for the purposes of protecting persons.

13.12 A part on the back side of a component mounting panel or a part located so as to require major
disassembly by using tools is not considered to be exposed to the user, and such parts are not considered
exposed to the serviceman unless it is likely that servicing will be done while energized after the
disassembly has-beermade-

13.13 Parts qf controls which are subject to contact during normal operation, adjustmgnts, and user
servicing shall| be free of sharp corners and edges.

13.14 An uninsulated live part or a hazardous moving part shall be located, guarded, or enclosed so as
to prevent acfidental contact by service personnel adjusting or resetting,eontrols, etc., |or performing
mechanical (refrigeration, plumbing, or pneumatic temperature-control $ystems, lubricating motors, etc.),
service functigns which may have to be performed with the equipment‘energized.

13.15 Mechanical service functions which may have to be_ performed with the equipment energized
include: Opefation of valves or connection to fittings whi¢hr may be necessary during charging or
pneumatic-system adjustment, adjusting water control, orvexpansion valves; adjusting fthe setting of
temperature dr pressure controls with or without marked‘dial settings; resetting control trijp mechanism;
operating marnual switches; adjusting air-flow dampers.*A factory-set and sealed control, having the set
point sealed gs described in 21.2 and 21.3 and net;having marking or instructions for adjustment, is not
considered to|be adjustable.

13.16 Adjustgble or resettable electrical control or manual switching devices may be located or oriented
with respect t¢ uninsulated live parts so-that manipulation of the mechanism for adjustmernt, resetting, or
operation can|be accomplished in the‘'normal direction of access if uninsulated live parts are:

a) Ngt located in front((ih‘the direction of access) of the mechanism; and

b) Ar¢ not located.near any side or behind the mechanism, unless guarded.

13.17 In detgrmining~.ecompliance with the preceding, bare live parts in 30-volt or less [imited-energy
circuits in accprdance with of 2.6(b) and (d) are not to be considered.

13.18 An electrical component which may require examination, adjustment, servicing, or maintenance
while energized shall be located and mounted with respect to other components and with respect to
grounded metal parts so that it is accessible for electrical service functions without subjecting the
serviceman to the likelihood of electric shock or to accidents from adjacent hazardous moving parts.
Access to the components in the control assembly is not to be impeded in the direction of access by other
components or by wiring.

13.19 Accessibility and protection from the likelihood of electric shock and accidents may be obtained by
mounting the control components in an assembly so that unimpeded access is provided to each
component through an access cover or panel in the outer cabinet (if provided) and the cover of the control
assembly enclosure.
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13.20 The electrical components referred to in the preceding paragraphs include the following: Fuses;
adjustable or resettable overload relays; manual or magnetic motor controllers; magnetically operated
relays; adjustable or resettable pressure or temperature controls; manual switching devices; clock timers;
incremental voltage tap, and motor-speed tap terminals for variable speed motors. Such components in a
limited energy circuit of 30 volts or less in accordance with of 3.6(b) or (d), are to comply with the
requirements of 13.18 in their relation to bare live parts in a circuit of greater energy level and to
hazardous moving parts.

13.21 Totally enclosed current or potential type start relays for single-phase motors are not considered
as requiring the accessibility state in foregoing paragraphs.

13.22 The following are not considered to be uninsulated live parts: coils of controllers, relays and

solenoids, an
overwraps at
terminals and
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brmer designed to furnish power to a low-voltage circuit shallbé of the isola
tpurpose transformers shall comply with the Standard for Low Voltage
irements, UL 5085-1; and the Standard for Low‘Yoltage Transformers: Ge

UL 5085-2.

transformer that is completely enclosed-within the end product enclosure, 4
construction and transformer performance requirements of UL 353 meets th

14.2 added April 22, 2011

and Class 3 transformers shall comply with the Standard for Low Voltage
rements, UL 5085-1; and'the Standard for Low Voltage Transformers: Class
UL 5085-3.

ransformers located'in a low voltage circuit, and that do not involve a risk of f
Dt comply with ‘this requirement.
14.3 added April 22, 2011
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15 Fuseholders

15.1 A fuseholder shall be or either the cartridge enclosed or plug fuse type. Plug fuses are limited to use

with equipment rated at not more than 125 or 125/250 volts.

15.2 Fuseholders shall comply with:

a) The Standard for Fuseholders, UL 512; or

b) The Standard for Fuseholders — Part 1: General Requirements, UL 4248-1, and applicable

Part 2

(e.g. UL 4248-9)
15.2 added April 22, 2011

16 Switches
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a) Th
b) Th
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Exception: S
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bs shall comply with one of the following and, as applicable, the overload 3
| requirements in UL 353:

e Standard for Special-Use Switches, UL 1054;
e Standard for Switches for Appliances — Part 1: General"Requirements, UL
b Standard for General Use Snap Switches, UL _2@; or

e requirements of UL 353 applicable to switches when evaluated as an integ
f the control.

witching devices used for operatingceontrol functions that comply with the 3
bpecialty applications (e.g. limit controls), industrial use (e.g. contactors, re
e integral to another component\(é.g. switched lampholder), and as applicabl
P test cycle level requirements-in UL 353 need not apply.

16.1A added April 22, 2011
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17 Coil Windi

ngs and Film-Coated Wire (Magnet Wire)

17.1 Coil windings of motors, relays, transformers, etc., shall resist the absorption of moisture.

17.2 The component requirements for film coated wire and Class 105 (A) insulation systems are not

specified.

17.2 added April 22, 2011

17.3 Film coated wire in intimate combination with one or more insulators, and incorporated in an
insulation system that operates above Class 105 (A) temperatures shall comply with the magnet wire
requirements in the Standard for Systems of Insulating Materials — General, UL 1446.

17.3 added April 22, 2011
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ernate Spacihgs — Clearances and Creepage Distances, Section 19. Greater
the enel@Sure, because of its size, shape, or the material used, is not cor
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and shall be
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sidered to be

termine if a _control is within _the volt-ampere limitation with respect tg

the spacing

requirements of Table 18.1, the input voltage is considered to be in accordance with Table 26.1 and the
volt-ampere consumption of the control is to be added to the volt-ampere consumption of the equipment
intended to be controlled. The sum of the inputs to and the switch ratings of the control is the value to be
used to determine if the rating is within the volt-ampere limitation. This principle applies in the case of a
control which does not contain a number of individual components as mentioned in 18.2.5, and also when
individual components are evaluated in accordance with the provision of that paragraph.
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18.2.3 The volt-ampere rating of a multiple pole, a double-throw or a sequencing control is to be taken as
the maximum consumption of the control and the load controlled at any one time.

18.2.4 The volt-ampere equivalent of a horsepower rating is to be taken as the product of the voltage of
the full-load current as given in Tables 30.2 and 30.3 and, in the case of a polyphase device, the
appropriate numerical multiplier.

18.2.5 If more than one control is included in one enclosure, the spacing from one control to another, and
from any one control to the enclosure or other uninsulated dead-metal part excluding its mounting surface,
are based on the maximum voltage and total volt-ampere rating of the overall assembly and not on the
individual control rating. The inherent spacings within an individual control such as a relay (including
spacings from a live part to the mounting surface other than the enclosure) are evaluated on the basis of

waaal <l drealladl by b acliaal 1 tral
the Volt_ampe CLUNourticu arnu LUTimruincu Uy tarc Tmurvivudr CUTTIUUT.

18.2.6 The inherent spacings within a component device such as a snap switch or.[ampholder, in other
than a safety [circuit, and the inherent spacings within a motor or clock motor, are evalugted under the
requirements for the component. The spacings from such a component to anothier-component and to the
enclosure, angl the spacings at wiring terminals are to be evaluated under the requirementg in 18.2.1 and
Table 18.1.
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Table 18.1
Minimum spacings

Between any uninsulated
live part and walls of a
metal enclosure
Between any uninsulated live part and an uninsulated including fittings for
live part of opposite polarity, uninsulated grounded conduit of metal-clad
part other than the enclosure, or exposed metal part cable
Voltage Through air or ol Over surface Shortest distance
Item range Inch (mm) Inch (mm) Inch (mm)
A. General 0 - 150 1/ga:0 (3.2) 1/4 (6.4) 1/2 (12.7)
151 — 300 174D (64) 38 (95) 12 (12.7)
301 — 600 3/80.9 (9.5) 1/29 (12.7) 1/2 (12.7)
B. Maximum 0 - 300 1/82:P 3.2) 1/4 (6.4) 1/4 (6.4)
Rating of 2000
Volt-Ampereg
C. Maximum 0 - 600 1/8%C1/16%" | (3.2, 1.6) 1/4°1/16' (6.4, 1.6) 1/4 (6.4)
Rating of 100 f f
Volt-Amperes 601 — 1000 | 1/42C3/162" | (6.4, 4.8) 3/8%3/16 (9.5, 4:8) 1/2 (12.7)
a The spacing between wiring terminals by which connections are to be made to the_€ontrol, regardless of pglarity, and
between a wifing terminal and a dead-metal part (including the enclosure) which,may‘be grounded when the|device is
installed, shall be not less than 1/4 inch (6.4 mm).
b The spacings between uninsulated live parts of the same polarity, except{at contacts, are required to be ndt less than
1/32 inch (0.4 mm) through air and not less than 1/16 inch (1.6 mm) ovei‘the surface of insulating material, gnd the
construction ¢f the parts is required to be such that these spacings will\be ‘maintained permanently. Otherwisg, the

spacings in a
€ For the pur,
if deformation

transformer.

controlled eq
between thes
acceptable.

€ Between al

f Between un
than the encl

d These spa(%ng values apply to a safety circuit connected(to an isolated secondary of a 100 volt-ampere or

9 In a self-ac
but not an op|
temperature,
— 300.

safety control shall comply with the requirements of the table.

ose of this requirement, a metal piece attached ta.the enclosure is considered to be a part of t
of the enclosure is liable to reduce spacings between the metal piece and uninsulated live part

hort-circuiting of the parts involved regardiess of polarity, shall not result in unsafe operation off
ipment. These values apply only to spaCings between components of the circuit under conside
P components and the dead-metal —(no‘reduction of spacings to other circuits of combination e

uninsulated live part and an exposed isolated (insulated) dead-metal part.

nsulated live parts of opposite polarity and between an uninsulated live part and a grounded m
sure.

uated, alternating-current, pilot-duty contact control (which may have an external adjusting knol
Erating one) rated ‘at.not more than 125 volt-amperes, 301 — 600 volts, and responding to chan
pressure, humidity,liquid level, and the like, the spacings may be those indicated for a voltage

he enclosure
S.

Ismaller

the

ation, or
juipment is

btal part other
or handle,

jes in
ange of 151
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18.2.7 If required in place of spacings between a magnet-coil winding and other uninsulated live parts or
grounded dead-metal parts, the type of insulation may differ from that required in 18.2.8, and the type and
thickness of crossover-lead insulation and insulation under coil terminals secured to the coil winding may
be less than that specified in 18.2.8, provided that the coil is capable of withstanding a Dielectric
Voltage-Withstand Test, Section 32 between coil-end leads after breaking the inner coil lead where it
enters the layer, or an equivalent opposite polarity test. The application of the test potential is to be in
accordance with 32.1 — 32.7.

18.2.8 An insulating lining or barrier of vulcanized fiber or similar materials employed where spacings
would otherwise be insufficient shall be not less than 0.028 inch (0.71 mm) in thickness and shall be so
located or of such material that it will not be adversely affected by arcing; except that vulcanized fiber not
less than 0.013 inch (0.33 mm) in thickness may be used in conjunction with an air spacing of not less
than 50 percept

£+l H P T £ H 1
nuUruic opaviity Teyuntcu Tur ain arvric.

Exception: Insulating material having a thickness less than that specified may be usedyr it
mechanical apd electrical properties.

has equivalent

18.2.9 Unless
1/32 inch (0.8

of a material conforming to 8.1, a barrier or liner shall be used in conjunctign with at least

mm) air space.

18.2.10 Mica|not less than 0.013 inch (0.33 mm) in thickness may be used in lieu of t
spacing requifed in Table 18.1, provided the mica is tightly held in“a fixed position by the
which the spafing is required.

he through-air
parts between

18.2.11 Film-
compliance of

18.3 Low-volt

18.3.1 Spacir]
result in a risk|
if the product
32, and the O

18.3.2 The sf
for the conneq

18.3.3 The sj
a dead-metal
not less than

coated wire is considered to be the same™as an uninsulated live part i
a device with the spacing requirements _of\this Standard.

pge circuits

gs shall be as indicated in 18.3/2— 18.3.4 if a short circuit between the parts
of fire or electric shock. Spacings within a low-voltage nonsafety circuit need
complies with the requirements of the applicable Dielectric Voltage-Withstand
peration Tests, Section 29.

acing between anh“uninsulated live part and the wall of a metal enclosure, in
tion of conduit\or metal-clad cable, shall be not less than 1/8 inch (3.2 mm).

acing hetween wiring terminals, regardless of polarity, and between a wirin
part (including the enclosure) which may be grounded when the device is ing
L /4<nch (6.4 mm).

N determining

involved may
hot be defined
Test, Section

cluding fittings

) terminal and
talled shall be

18.3.4 The spacing between uninsulated live parts, regardless of polarity, and between an uninsulated
live part and a dead-metal part, other than the enclosure, which may be grounded when the device is
installed shall be not less than 1/32 inch (0.8 mm), provided that the construction of the parts is such that
spacings will be maintained.
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19 Alternate Spacings — Clearances and Creepage Distances

19.1 As an alternative to the measurement method specified in Section 18, the minimum acceptable
clearances (through air spacings) and creepage distances (over surface spacings) may be evaluated
using the Standard for Insulation Coordination Including Clearances and Creepage Distances for
Electrical Equipment, UL 840, as specified in 19.2 — 19.4. The spacing requirements of UL 840 shall not
be used for through air and over surface spacings between the field-wiring terminals and between the
uninsulated live parts and a metal enclosure.

19.1 revised September 28, 1995

19.2 When applying the requirements in the Standard for Insulation Coordination Including Clearances
and Creepage Distances for Electrical Equipment, UL 840, for unencapsulated assemblies and uncoated

printed wiring
are applicable
wiring board
Distances in

19.3 For Cles
Including Cl¢g

to encapsulated assemblies and to coated printed wiring boards complying
oating performance test requirements. The pollution degrees are as @define
L 840.

rance B (controlled overvoltage) requirements in the Standard for Insulatio
arances and Creepage Distances for Electrical Equipment, UL 840, t

overvoltage category for line voltage circuits is Category lll. Category | jstapplicable to low-

if short circui
increases the

between the parts involved may result in operation of the controlled e
risk of fire or electric shock. Any overvoltage protection device to achieve thg

shall be provigled as an integral part of the control.

19.4 Where 1
spacings, the
for Insulation
840, shall be

neasurement of clearances and creepage distances is involved to establish
methods specified for Measurement of Cléarance and Creepage Distances i
Coordination Including Clearances ang\ Creepage Distances for Electrical B
ised.

20 Separation of Circuits

20.1 General

20.1.1 Unless
of different cir
case, be so sq
polarity parts

provided with insulation recognized for the highest voltage involved, insulat
Cuits (internal wiring) shall be separated by barriers or shall be segregated; ar
parated or segregated from uninsulated live parts connected to different circy
Df the samétgircuit.

20.1.2 Segregation-af“insulated conductors as required in 20.1.1 may be accomplished

routing, or equ

ivalent means which ensures permanent separation from insulated or uninsu

of a different

requirements
ith the printed
for Creepage

Coordination
he applicable
oltage circuits
quipment that
bSse categories

the minimum
the Standard
quipment, UL

pd conductors
d shall, in any
its or opposite

by clamping,
ated live parts

irewit

20.1.3 Field-installed conductors of any circuit shall be segregated or separated by barriers from:

a) Field-installed and factory-installed conductors connected to any other circuit, unless the
conductors of both circuits are insulated for the maximum voltage of either circuit.

b) Uninsulated live parts of any other circuit of the control.

¢) Any uninsulated live parts whose short-circuiting may permit unsafe operation of the controlled
appliance, except that a construction in which field-installed conductors may make contact with
wiring terminals is acceptable, provided that Type T, RF-2, or equivalent conductors are or will be
installed when wired in accordance with the National Electrical Code ANSI/NFPA 70.
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20.1.4 Segregation of field-installed conductors from other field-installed conductors and from uninsulated
live parts of the control connected to different circuits may be accomplished by arranging the location of
the openings in the enclosure for the various conductors (with respect to the terminals or other uninsulated
live parts) so that there is no liability of the intermingling of the conductors or parts of different circuit. If
the number of openings in the enclosure does not exceed the minimum required for the proper wiring of
the control, and if each opening is located opposite a set of terminals, it is to be assumed, for the purpose
of determining compliance with 20.1.3 that the conductors entering each opening will be connected to the
terminals opposite the opening. If more than the minimum number of openings are provided, the possibility
of conductors entering at points other than opposite the terminals to which they are intended to be
connected and contacting insulated conductors or uninsulated current-carrying parts connected to a
different circuit is to be investigated. To determine if a device complies with the requirement of 20.1.3, it
is to be wired as it wouId be in service; and in domg S0, a reasonable amount of slack is to be left in each
conductor, witg e ving this slack
into the wiring compartment.

20.2 Barriers

20.2.1 If a barrier is used to provide separation between the wiring of different circuifs or between
operating parts and field-installed conductors, it shall be of metal or of insulating material and be held in
place.

20.2.2 A metTI barrier shall have a thickness at least as great as ¢hat required by Table 6.1 based on the
size of the bafrier. A barrier of insulating material shall be not leSs than 0.028 inch (0.71 mm) in thickness
and shall be |of greater thickness if its deformation may be\readily accomplished so a$ to defeat its
purpose. Any [clearance at the edges of a barrier shall be net'more than 1/16 inch (1.6 mnp) wide.

20.2.3 Openings in a barrier for the passage of conductors shall be not larger than 1/4 in¢h (6.4 mm) in
diameter and ghall not exceed in number, on the basis of one opening per conductor, the nyimber of wires
which will negd to pass through the barrier. The: closure for any other opening shall pregsent a smooth
surface whergver an insulated wire may be in‘contact with it; and the area of any such opg¢ning, with the
closure removed, shall not be larger than fequired for the passage of the necessary wires. See also 11.8.

21 Calibratior] Means

21.1 Means provided for factory, ‘calibration of controls shall be factory secured to prevent accidental
shifting after dalibration.

21.2 The medns for calibration, if accessible or apparent, shall be modified, guarded, or| sealed as by
soldering to gffectively prevent manipulation by hand or ordinary tools subsequent {o the factory
calibration.

21.3 A calibration means considered to be not accessible or apparent is one not showing, one not
exposed to manipulation by conventional tools, or one not readily displaced. The complete concealment
of conventional tool engaging means in a screw such as a slot, recessed head, etc., by the use of solder,
brazing material, or cement, is considered adequate for purpose of preventing manipulation so long as the
calibration means cannot be changed readily by gripping with conventional tools and engagement of
manipulation is prevented at all other locations.

22 Mounting

22.1 Provision shall be made for securely mounting a control in position. Bolts, screws, or other parts
used for mounting a control shall be independent of those used for securing parts of the control to its
frame, base, or panel. A mounting bracket or similar part shall not depend solely on friction to maintain a
control in position if the control may malfunction when moved from its normal position.
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22.2 If the function or calibration of a control is affected by its being placed out of level, the control shall
be provided with a leveling indicator such as a bubble, pendulum, or a horizontal or vertical line. Such a
control, when attached as intended, shall resist without moving, a torque of 100 pound-inches (11.3 N-m).

22.3 If a control requires a mounting bracket to conform to these requirements, the bracket shall be
furnished with the control. The bracket shall be marked with a part number and reference to the bracket
and its part number, and use shall be indicated on the control. Such reference may be placed on the

inside of the control cover.

23 Operating

Mechanism

23.1 If screws and nuts serve to attach operating parts to movable members, they shall be upset or

<l

otherwise locl
23.2 The ope|

23.3 Operatir
connected to

24 Adjustmer]
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adjustments t
allowable field
range.

24.4 An adjug
be secured by
setting cannot
part. Nuts, sq
equivalent. P

accidental bending.

245 If aset

Cu.

Fating mechanism of a manually operated switch shall not subject parts to da

image.

g parts shall be separated by barriers or by their physical location-from comductors to be

he control to avoid obstruction of such parts by stowed wiring. See also 9.3.
t and Stops

point shall be indicated on the control in a recoghizable and legible ma
such as inches or millimeters, degrees F or C,/pounds per square inch,
et point for liquid level may be indicated by a harizontal line.

rol is nonadjustable following factory calibration, it may be marked with a sin

b values within the rated set pointirange of the control. The set points ove
adjustment shall be indicatedthereon at increments of not more than 25

table stop employed foryimiting a set point shall not be used for other adjus
a means provided.soelely for that purpose and in a manner such that the ma
be increased except by the use of special tools or by deliberate bending or re
rews, etc., used for this purpose shall be provided with integral lock w.
hrts used fer\'support of the adjustment means shall have strength suffi

oint may be altered by resetting or removing the stop or if a control includes

for altering the

1.

hner. Units of
etc. shall be

hle set point.

or limiting the
I the range of
percent of the

ments. It shall
imum or safe
moval of some
ashers or the
ient to resist

bn it directions
t thereto or on

set point, a statement shall be on the dial, scale, or stop, or directly adjacen

the outside (not inside) of the cover. This statement shall be to the effect that the setting is a safety stop
and is not to be altered to permit a higher or less safe operating point, for example "SAFETY STOP — DO
NOT ALTER."

25 Reset Mechanism
25.1 A control shall not reset or be resettable manually or otherwise so that operation of the controlled
appliance can be resumed until after a safe operating condition is restored. (For example, pressure or

temperature returned to value at or below control set point.)

25.2 A control which is intended to be reset manually shall not reset automatically as a result of changes
in environmental temperature at temperatures above minus 35°C (minus 31°F).
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25.3 A manually operated reset device shall be trip-free; that is, the automatic tripping shall be
independent of the manipulation or position of the rest button, handle, lever, etc.

25.4 A manually operated reset device of a control may provide one or another of the following kinds of
reset function.

a) A control to be designated "Manual Reset 1" or "M1" permits the control to automatically reset
to the "closed" position after safe operation conditions have been restored, if the reset means is
held in the "reset” position. The operating tolerances specified in 29.1.5 — 29.1.11 shall not be
exceeded if the reset means is held in the "reset” or "ON" position.

b) A control to be designated "Manual Reset 2" or "M2" shall not permit the control to function as
an au OVNLI

' + ol H H N + ataald +lo 1] i
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25.5 A contrgl with a manual reset shall be resettable exterior to the control enclosute,

25.6 A manu or means of

support to ung

hlly operated reset mechanism shall not subject the operating <mechanis
ue strain.
PERFORMANCE

26 General Tests

26.1 Except g
the required te

26.2 An alter
frequency of ¢
those concern

26.3 Where r

s otherwise indicated, representative commercial’samples of a control shall b
sts. Tests shall be conducted at rated frequency and at the voltage indicated

hating-current control having no frequency rating is to be tested on a ci
0 cycles, except that a circuit having,a lower frequency may be employed i
ed.

bference is made to ac voltages and currents of 60-hertz they are intended {

e subjected to
in Table 27.1.

rcuit having a
f agreeable to

p indicate rms

values, unlesg otherwise specified.

s to be tested
ntrol or on an

26.4 A contrdl which must be mounted in a definite position in order to function properly
in that positiop provided directions for mounting in the correct position are given on the cd
instruction sheet supplied with the control. See 22.2.

ade of ancelastomer shall not crack or show visible evidence of deterioratio
70 hours at 100°C (212°F).

26.5 revised January 10, 1996

26.5 A part n
oven aging fo

n following air

26.6 For a control that is rated for use in a prevailing ambient temperature greater than 25°C (77°F), the
Temperature Test, Section 28, overvoltage and undervoltage tests on the electromagnet (29.5.1 — 29.5.3),
Overload Test, Section 30, and the Endurance Test, Section 31, are to be conducted at the rated ambient
temperature. However, the overload and endurance tests under electrical load may be conducted at room
ambient in accordance with note (d) of Table 28.1.

26.7 For a control that is rated for use in an ambient temperature less than 25°C (77°F), the
electromagnet undervoltage test and any other tests that may be affected by the cold ambient are to be
conducted at the rated low ambient. This test shall be in addition to the test conducted at the room
ambient or at the rated elevated ambient temperature.
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27 Input Test

27.1 The input to a control shall not exceed the marked rating of the control by more than 10 percent
when it is operated under the conditions of normal use and with the control connected to a supply circuit

as indicated in Table 27.1.

Table 27.1
Test voltages

Undervoltage
Rated voltage 2 Normal test voltage Overvoltage ac or dc ac dc

110- 12p 125 +37 +52 96

220 - 240 240 264 204 192

254 — 2797 277 305 235 222

440 - 440 480 528 408 384

550 - 640 600 660 510 480
2 Voltage rating|of control and load terminals and corresponding test potential in volts. If the_rating of the contrgl does not fall
within any of the indicated voltage ranges, the test voltages are to be based on its rated voltage.

28 Temperatyre Test

28.1 General

28.1.1 A control when tested under the conditions described below shall not attain a temp
point sufficienfly high to constitute a risk of fire or to danjage any materials employed in t
show tempergture rises at specific points greater than those indicated in Table 28.1.

erature at any
he device, nor

28.1.2 All valyes for temperature rises given in Table 28.1 apply to a control intended for yise in ambient

temperatures hormally prevailing in occupiablé-spaces, which usually are not higher than 2
may be as high as 40°C (104°F) occasionally- and for brief periods. Tests of a control for sef
ambient temppratures may be condugted(without correction) and with any ambient temg
range of 10 4+ 40°C (50 — 104°F). If*a control is intended specifically for use in a prev

b°C (77°F) but
vice with such
erature in the
piling ambient

temperature cpnstantly more than 25°C (77°F), the test of the control is to be made in such higher ambient

temperature, and the allowable temperature rises specified in the table are to be reduced
of the differengce between the_higher ambient temperature and 25°C (77°F).

28.1.3 The ambient orix0om air temperature is to be measured by a thermocouple not hg
AWG (0.21 mm?2) ora-thermometer suitably shielded from direct radiation and located s
actual room ajr temperature in the vicinity of the control. If a control is intended specifical

by the amount

pavier than 24
D as to reflect
y for use in a

prevailing ambient temperature constantly more than 25°C (77°F), see 28.1.2, a means f

Or maintaining

the test control in such higher temperature is to be employed. Such means is to consist of an enclosure

providing for the maintenance of essentially still air (less than 20 feet or 6.1 meters per
vicinity of the control. The enclosure is to be constructed from nonmetallic materials having
characteristics.

28.1.3 revised September 30, 2010

minute) in the
low emissivity
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Table 28.1
Maximum temperature rises

Device or material Degrees
C F

COMPONENTS
1. Capacitors

Electrolytic type 40 72

Other typesf 65 117
2. Contacts, buses, and connecting bars? 65 117
3. Sealing compounds Maximum Temperature

15°C (27°F) less than its melting point

4. Fleld-wiring terminals 50 9p
5. Ppints on or within a terminal box or compartment on which 36 6B

condluctors to be connected to the control may rest?
6. Transformer enclosures

a. Class 2 transformer enclosure 60 108
b. Power transformer enclosure 65 117
INSULATION SYSTEMS

1. CJass 105 insulation system®

Thermocouple method 65 117
Resistance method 85 133
2. CJass 130 insulation systems®
Thermocouple method 85 133
Resistance method 105 149
3. CJass C insulation systems Not Specified
4. CJass 180 insulation As determined by test

INSULATING CONDUCTORS
1. Appliance wiring material

75°C rating 50 9p
80°C rating 55 9P
90°C rating 65 117
105°C rating 80 144
200°C rating 175 315
250°C rating 225 4495
2. Other types of_ifistlated wires See Note ¢
3. Wire, Code®
Types.RH, RFH, FFH, RHW 50 9p
Types FHW, THW, THWN 50 9p
Types RUW, T, TF, TFF, TW 35 6B
Type TA 65 117
INSULATING MATERIALS
1. Fiber employed as electrical insulation 65 117
2. Phenolic composition employed as electrical insulation or as 125 225

a part the deterioration of which would result in a risk of fire or
electric shockP

3. Varnished-cloth insulation 60 108
GENERAL

1. Knobs, handles, dials, buttons and surrounding surfaces
likely to be contacted by the user during intended operation9:!

a. Metal 35 63
b. Nonmetallich 60 108

Table 28.1 Continued on Next Page
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Table 28.1 Continued

Device or material Degrees

C

F

d Contact

when the

100°C (21
results, O
€ The tem
130 insula
15°C (27°H
the item in|
f These linf
temperatu
9 Points liK
surfaces ¢l
considered
which the

not less th
ha knob,

0.005 inch

I The temp
in a prevai

& The temperature rise observed on the terminals and at points within a terminal box may exceed the value
specified, provided the control is marked in accordance with 45.3 and 45.4. The wiring may not attain a temperature
higher than 90°C (194°F).
b The limitation on phenolic composition and on rubber and thermoplastic insulation does not apply to compounds
that have been investigated and recognized as having special heat-resisting properties.
€ For standard insulated conductors other than those mentioned, references should be made to the National
Electrical Code; and the maximum allowable temperature rise in any case is not to be more than the recognized
temperature limit of the wire in question minus 25°C (77°F).

acceptable without any additional tests if they do not attain a temperature higher than 100°C
ontrol is tested at the ambient temperature in question. If the contacts attain a temperature higl
°F) but not higher than 150°C (302°F) they are required to be capable of withstanding wijth acc
rload and Endurance Tests conducted at the high ambient temperature in questiof.

erature rise, observed by means of a thermocouple on the surface of a coil, where/Class 105
ion is involved and where the temperature at that point is affected by an external”source of heal
) higher than that indicated in the table, provided that the temperature rise by‘the resistance m
guestion is not more than specified in the table.

itations do not apply to capacitors which are recognized as being suitable for service at higher
es.

ely to be contacted by a hand or finger include those points ah/thé€ gripping surface and adjace
ose enough to be touched while adjusting the control in thelintended manner. Points on a surfa|
not likely to be contacted if they are protected by a bartiernot less than 5/8 inch (15.9 mm) wi
lemperature rise does not exceed the value indicated jn, subitem 1 of item E or if a through-air §
hn 1-1/2 inches (38 mm) at the index finger is providedfrom the gripping surface to the hot part

handle, dial, or button made of nonmetallic material that is plated or clad with metal having a thickness of

(0.13 mm) or less is considered to be and is judged as a nonmetallic part.

erature rises specified in subitem 1 of item-E ‘are not applicable to a control intended specificall
ing ambient temperature constantly morejthan 85°C (185°F).

rature

212°F)
er than
Eptable

r Class
, may be
bthod for

nt

ce are

fle on
pacing of

for use

28.1.4 Excep
wires not larg
successive re
not less than
temperatures
thermocouple
employed for
If thermocoup
devices, it is 1
wires and a f

at coils, temperature readings are to be obtained by means of thermocouple
br than 24 AWG (0.21 fam?) and a temperature is considered to be constal
adings, taken at intervals of 10 percent of the previously elapsed duration g
5 minute intervals;tindicate no change. The primary (preferred) method
on coils is the thermocouple method; but temperature measurements
or resistancé.method are acceptable, except that the thermocouple methg
h temperafure measurement at any point where supplementary heat insulatio
es are_Used in the determination of temperatures in connection with the heati
ecessary to employ thermocouples consisting of 30 AWG (0.06 mm?) iron a

5 consisting of
nt when three
f the test, but
of measuring
by either the
d is not to be
n is employed.
ng of electrical
nd constantan
sed whenever

otentiometer type of indicating instrument; and such equipment is to be u

referee temp

ature Teasurenents by thermocoupies are recessary.
28.1.4 revised September 30, 2010

28.1.5 To determine if a control complies with the requirement of 28.1.1, the control is to be operated
under normal conditions, except as otherwise noted. A control intended to be mounted on or in a burner
heat exchanger, chimney connector or the like is to be so mounted during the heating test and electrically
energized to operate continuously at rated load during the test so that actual service conditions will be
approximated. The temperature of a test fluid is to correspond to the maximum set point of the control.
The potential of the supply circuit is to be as indicated in Table 27.1.
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28.1.6 A control, to supervise fluids at temperatures consistent with ambient temperatures normally
prevailing in occupiable spaces, may be bench-tested without contact with the fluid.

28.1.7 A low-potential source of supply may be utilized for conducting temperature tests on parts other
than coils or transformer windings. Before starting tests, contacts are to be opened and closed under load
several times. Unless otherwise noted, the tests on all parts are to be made simultaneously, as the
heating of one part may affect the heating of another part.

28.1.8 The temperature rise attained by the motor of a timing device, when stalled and while connected
to a supply circuit as indicated in Table 27.1, shall not exceed the limits given in Table 28.1, if stalling the
motor is part of the normal operation. If stalling the motor is not part of the normal operation, the limits
given in Table 28.1 do not apply; but the motor shall incorporate impedance, thermal, or overload

protection.

28.2 Temperature test of temperature control for air or other gas

28.2.1 The tept apparatus for a temperature control for air or gas, other than flug.gases, wh
for external mpunting (except for the sensing element which is immersed in the’heated ga
of an electricglly heated, forced-circulation, warm-air oven described in 28:2.2. The test

located in a
maintained re
accordance w
are attained.

28.2.2 The sy
mm) plate wh
The plate shs
circulating fan|
horizontal mo
heated air is {
means for hea
of the sensin
temperature 0

foom free of drafts and in which the ambient air temperature may be ¢
psonably constant for the period of a test. The control ‘t0 be tested is to
th the manufacturer’s instructions. The test is to be continued until equilibriumn

rface for mounting the control to be tested is to consist of a No. 26 GSG (0.0
ch shall be the sole separation between the‘heated air and mounting surface
[l allow immersion of the sensing element in the heated air as intended it
and air distribution elements of the @yen are to be so arranged as to provid
ement of heated air across the meunted plate and the sensing element. The
0 be not less than 100 feet (30:5 m) and not more than 200 feet (61 m) psd
iting the recirculated air in the-oeven is to be such that the temperature of the

f the control.

chis intended
5) is to consist
oven is to be
ontrolled and
e mounted in
temperatures

22 inch) (0.56
of the control.

service. The
e a controlled
velocity of the
r minute. The
air in the area

g element will be maintained within plus or minus 1 percent of the rated operating
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28.2.3 Temperature tests are ordinarily not conducted on a control designed to be entirely immersed in
the air to be controlled, because it is assumed that the entire control will be at the temperature of the
surrounding air. If for any reason such a control is to be tested, its location within the oven should be the
same as described in 28.2.2 for the sensing element of an externally mounted control. The test is to be
continued until equilibrium temperatures are attained.

28.3 Temperature test of temperature control for liquids
28.3.1 A boiler is to be used for testing a control of the insertion element type. The control is to be

mounted in accordance with the manufacturer’s instructions through a vertical plate having dimensions
equivalent to the largest dimension of the control. The control is to be mounted using an opening in the

face plate of proper size for the control without the use of bushings.

28.3.2 If the (
tank containin
control mount
(ANSI B36.10
steel tank hav

28.3.3 The pi
control.

28.3.4 Sched
for the test se
adjacent to th

28.3.5 The te
control is desi

28.4 Temperd

28.4.1 The tg
adjacent to a
for which the

28.4.2 A preqg
connected usi
close to the b

ontrol is of the surface mounting type, the test apparatus is to consist of a\f
g water. Water is to be agitated or circulated to provide normal transfer, of
ng surface. A control intended for mounting on a pipe is to be applied te a s¢
M) pipe. For other applications, the control is to be mounted on theysurface g
ing a diameter of 12 inches (305 mm).

be section or tank is to be arranged in a horizontal or vertical plane to suit the

Lile 40 black iron or steel pipe having surfaces frée from rust, scale, or paint
Ction. All pipe connections to the pipe or tank section and any sources of stea
b test control location are to be insulated.

mperature of the hot water is to be maintained at the maximum temperaturg
pned. The test is to be continued untilequilibrium temperatures are attained

iture test of steam pressure ordoiler water-level limit control

st apparatus for a contrelto be used for supervising steam pressure or
hoiler at the water line.is-to consist of a boiler capable of generating steam 3
control is designed.

sure control is\to be mounted above an uninsulated flange. A water level @
ng full-size«piping which is to be uninsulated. Controls are to be mounted or
biler surfaces as permitted by the use of syphon tubes, pigtails, special conn

etc., but are t¢ be installed in accordance with the manufacturer’s instructions. The boiler S

be insulated.

ipe system or
ts heat to the
ction of 3 inch
f a galvanized

design of the

is to be used
M or hot water

for which the

for mounting
t the pressure

evice is to be
connected as
ecting fittings,
urfaces are to

28.4.3 The temperature of the steam is to be maintained at the maximum temperature for which the
control is designed. If a syphon tube or pigtail is recommended by the manufacturer’s instructions to
provide a water seal between the control and live steam, the syphon tube or pigtail is to be filled with water
prior to the start of the test. The test is to be continued until equilibrium temperatures are attained.
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28.5 Temperature test of stack-mounted control

28.5.1 A control intended to sense flue gas temperatures in a chimney or chimney connector is to be
attached to a vertical chimney connector of a cast-iron steam boiler with an uninsulated top such as
shown in Figure 28.1. The boiler is to be fired to maintain a flue gas temperature of 680°F (360°C) above
room temperature with a draft as measured at the flue collar of the boiler of 0.04 inch (1.02 mm) water
column. The flue gas temperature is to be measured by a thermocouple such as illustrated by Figure 28.2.
The axis of the thermocouple is to be at right angles to the axis of the control sensing element with the
hot junction just below but not touching the sensing element.
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Figure 28.1
Test setup for a stack-mounted control

Figure 28.1 revised February 15, 1999
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Figure 28.2
Thermocouple for flue-gas temperature

Figure 28.2 revised September 30, 2010

11/8"
(28.6""")
5/32" MAX.
(4.0mm)
l SILVER SOLDER OR
- WELD JUNCTION:
DO NOT OXIDIZE
| .070" MAX
(1.78mm)
e o0
PATS2 A

1. 20 AWG (0.5] mm?) iron-censtantan, asbestos, or woven-glass-covered thermocouple wires extending from hot junction to
potentiometer or feference junction.

2.1 — Leeds & Northrup,Standard 714B, or equal 1/4 inch (6.4 mm) outside diameter of two-hole porcelain insufator cut to length
and ends beveled on_two sides.

3.1-5/16 inch (7.9 mm) outside diameter by 0.032 inch (0.81 mm) wall tubing. Ream, if necessary, to fit over insulator; then crimp
ends over beveled ends of insulator.

4. 1 — Small wooden handle.

5. 1 — Piece of rubber tubing, approximately 5/16 by 3/32 by 2 inches long (7.9 by 2.4 by 50.8 mm long).

6. In lieu of individual components described in (1), (2) and (3) above, any combination of preassembled parts of tubing, insulators
and thermocouples may be used.
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29 Operation Tests
29.1 General

29.1.1 A pressure or temperature sensing control shall perform its intended function in accordance with
the following. The allowable tolerances shall not be applied for the purpose of deliberately exceeding the
maximum set point.

29.1.2 The operating temperature or pressure of the control is to be determined on representative
production samples that have been produced and calibrated within the same tolerances representative of
factory production. The set-point temperature or pressure of the sample is to be the maximum for which

the device is i

ntended.

29.1.3 For a
individually a
compliance W
adjustment, th
de-energize th

29.1.4 For a
the requireme
temperature o

control that employs multiple sets of electrical load-controlling terminals, eae
Hjusted for set-point temperature or pressure, each set of termindls, sh

e requirements specified in 29.1.5 — 29.1.10 shall apply to the ¢erminals t
e circuit at the highest temperature or pressure.

control that employs single pole double throw (SPDT) eléctrical load-contro
nts specified in 29.1.5 — 29.1.10 shall apply to the terminals that are de-en
I pressure increase.

29.1.5 The operating pressure of a pressure control, having amaximum rated set point of

mm) water co
pressure. Fol
operating preg

umn or less, shall be within plus 100 and minus 50 percent of its maximum
owing the Endurance Test, Section 31;hie operating pressure shall not
sure initially determined by more than 20 percent of the maximum rated set f

29.1.6 The operating pressure of a control, having a maximum rated set point of greater|

(2.54 mm) wa
maximum rate
shall not vary
rated set poin

29.1.7 The o

er column, but less than 10 inch-(254 mm) water column, shall be within £20
d set point pressure. Following the Endurance Test, Section 31, the oper
from the operating pressute initially determined by more than 20 percent of
pressure.

rating pressure(of a pressure control having a maximum set point of greate

e
(254 mm) Waier column, but\less than 1 pound per square inch gauge (6.9 kPa) or less,

+10 percent 0
pressure shal
maximum set

f its maximum®Set point pressure. Following the Endurance Test, Section 31
not varyfrom the operating pressure initially determined by more than 10
point pressure.

h of which are
pll operate in

ith the requirements of 29.1.5 — 29.1.10. If all terminals are .controlled by a single

hat operate to

ling terminals,
ergized at the

0.1 inch (2.54
ated set point
vary from the
oint pressure.

than 0.1 inch
percent of the
hting pressure
the maximum

r than 10 inch
hall be within
the operating
percent of the

29.1.8 The operating pressure of a pressure control having a set point above 1 pound pg

br square inch

gauge (6.9 kPa) shall be within plus or minus 5 percent of its maximum set point pressure. After being
subjected to the Endurance Test, Section 31, the operating pressure shall not vary from the operating
pressure initially determined by more than 5 percent of the maximum set point pressure.

29.1.9 The operating temperatures initially and after the Endurance Test, Section 31, for the various
temperature-operated controls shall be in accordance with Table 29.1. Where variation is expressed in
percent, it shall be based on degrees Fahrenheit.

29.1.10 For controls which have adjustable set points, the initial operating pressure or temperature shall
be determined at the maximum and minimum set points and at a set point approximately midway between
the maximum and minimum. For such controls the maximum variations, as specified in 29.1.7 and 29.1.8
and in Table 29.1 for the initial operating pressure or temperature, are applicable to the maximum set
point. A 5 percent scale error, based on the maximum setting, may be applied to minimum and midway
set points. This scale error may be in addition to the maximum variations.
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Table 29.1
Temperature-operated controls

Maximum variations in operating temperature

a

After endurance test
Rated maximum Initial variation from rated variation from initial
operating temperature, operating temperature operating temperature
Type of control degrees In percent In degrees In percent In degrees
Water Heater Limit Any - 5°F (2.8°C) 5 10°F (5.5°C)
Water Heater Regulating | Above 170°F (76.7°C) - 7°F (3.9°C) 5 10°F (5.5°C)
Fan and Boiler or Warm Any 5 15°F (8.3°C) 5 -
Air Limit
a Where both the percent and deqree variations are indicated the qreater valile may be nsed for the maximum
variation.
29.1.11 For @ liquid level limit control which includes means for delaying the controlaction,|the rated time
delay shall be| maintained in accordance with the following:
a) If the time-delay is provided by mechanical means, the observed\time-delay shall not vary from
the rated time-delay by more than 10 percent. After being subjetted to the Endurance Test, the
time-delay shall not vary from the time-delay initially determined,by more than 5 pgrcent.
b) If the time-delay is provided by electrical means (eleetrically heated bimetal, elgctronic circuit,
etc.,),|the observed time-delay shall not exceed the.xated time-delay by more than 10 percent
when [the control is tested under the conditions of ¢ated voltage and frequency (sge Table 27.1)
and normal ambient temperature. When tested in, ambients ranging from 32°F (P°C) to 150°F
(66°C) and with input voltage ranging from 85.to 110 percent of rated voltage, [the maximum
obseryed time-delay under a combination of.any voltage and ambient temperature lpetween these
limits ghall not be more than 150 percentef-the time-delay observed at rated voltage and ambient
tempdgrature. After being subjected to the Endurance Test, the time-delay shall nof vary from the
time-delay initially determined by more than 5 percent.
29.1.12 Unlegs otherwise specified by the manufacturer, the normal ambient temperature fpr the purpose
of tests indicgted in 29.1.11 is assumed to be room temperature maintained between the|limits of 70°F
(21°C) and 71°F (25°C).
29.1.13 A tempperature or pressure-operated control is to be cycled at least:
a) Twice immediately before determining its operating temperature or pressure |n accordance
with 29.2 =29.4; and
b) Twhiee—before-and-afterthe-appropriate-endurance{eyechngtests)-see-Endurance

31.

TrTCT Ty T

Test, Section
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29.1.14 The cycling specified in 29.1.13 is to be accomplished by starting at room temperature for
temperature-operated controls and at atmospheric pressure for pressure-operated controls. If the control
has an adjustable setting, the set-point is to be adjusted to the maximum temperature or pressure setting
unless the control is a vacuum-operated pressure type, in which case it is to be adjusted to the minimum
setting. The temperature (for temperature-operated controls) is to be increased in accordance with 29.2.1
or 29.3.2 or the pressure (for pressure-operated controls) is to be increased or decreased in accordance
with 29.4.1 until the control operates. The temperature or pressure then is to be decreased (or increased)
to the reset temperature or pressure and the cycle then is to be repeated.

29.1.15 The operating temperature or pressure of controls is to be determined in accordance with 29.2.1
— 29.4.1, as appropriate. Two trials are to be made at each setting. If the operating temperatures or
pressures of the two trlals are not W|th|n 1 percent of each other a th|rd trlaI is to be made and averaged
with the first tys ressure of the
set-point.

liquid bath which is agitated to maintain uniform temperatures. A control for-air or gas may
either a forced air circulating warm-air oven of the type described in 28.2:2, or the liquid bath
to the design|of the control. The control is to be mounted with ©nly the sensing elemen

control imme
temperature p|
the anticipated
in excess of 1
instant the co

29.3 Test of §

29.3.1 A surf
described in
Temperature

hot-water heal
surface of a v

29.3.2 Theci
maximum rate
of the control

sed in the test medium, whichever is appropriate. In all cases equilibrium
ior to the start of the test are to be established at.a level approximately 20°F

| set point value. The temperature of the test miedium is then to be increase
PF (0.6°C) per minute until the control fupetions. The temperature of the test
htrol functions is to be considered the set*point.

29.2.1 revised, September 28, 1995
urface-mounted temperature-operated control for hot-water heating systems

hce-type temperature-operated control for hot-water heating systems is to b
the manufacturer’s instructions. The appropriate test apparatus desg
Test of such contrelsy 28.3.2 — 28.3.5, is to be used except if the control i
ling systems limited to 250°F (121°C) maximum, the control is to be applied
brtical section ofnominal 1 inch (ANSI B36.10M) black iron pipe.

culating-system is to be arranged to raise the temperature of the water in the
of 12E.(0.6°C) per minute from a temperature 20°F (11.1°C) below the indig
to~a.femperature sufficient to cause the control to function. The temperatur

in a liquid, or
intended in a
e tested using
if appropriate
t or the entire
conditions of
11.1°C) below
H at a rate not
medium at the

e mounted as
ribed for the
5 intended for
to the outside

system at the
ated set point
b of the water

measured at the-elevation of the control at the instant the control functions is to be congd

point.

29.4 Test of pressure-operated control

idered the set

29.4.1 A pressure-operated control is to be connected to a source of aerostatic or hydrostatic pressure
whichever is consistent with its intended use. The source of pressure is to be capable of being accurately
controlled and measured. During the test, pressures near the set point are to be increased or decreased
at a maximum rate of 1/2 pound per square inch gauge (3.5 kPa) per minute.
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29.5 Test of electromagnet

29.5.1 An electromagnet for use on dc shall be able to withstand 10 percent above its rated voltage
continuously without damage to the operating coil and to operate successfully at 20 percent less than
rated voltage. A control having a voltage rating within one of the ranges given in Table 27.1 shall be tested
at the test voltage specified in that table.

29.5.2 An electromagnet for use on ac shall be able to withstand 10 percent above its rated voltage
continuously without damage to the operating coil and to operate successfully at 15 percent less than
rated voltage. A control having a voltage rating within one of the ranges given in Table 27.1 shall be tested
at the test voltage specified in that table.

tgh-voltage until
um voltage.

30 Overload Test

30.1 An ampere-rated switch not intended for controlling a motor shall be capable jof performing
acceptably when subjected to an overload test consisting of making .and”breaking for] 50 cycles of
operation, at g rate of 6 cycles per minute, a current of 150 percent 6f the rated value, [at the voltage
indicated in Table 27.1. There shall be no electrical or mechanical fajlure-of the device, nor yndue burning,
pitting, or weldling of the contacts.

30.2 Except gds noted in 30.6 and 30.7 a switch intended forfull-voltage motor starting shill be capable
of performing Jacceptably when subjected to a locked-rotor test consisting of making and hreaking for 50
cycles of opeffation, at a rate of 6 cycles per minute, a.current as described in the following paragraphs,
at the voltage|indicated in Table 27.1. There shall be no electrical or mechanical failure of the device, nor
undue burning, pitting, or welding of the contacts.

30.3 The current for the Overload Tests mentioned in 30.2, 30.6, and 30.7 is to be as indicated in Table
30.1.

Table 30.1
Method.gf.determining currents for overload tests

Current in amperes for overload test described in paragraph indicated
Deyice rated in Locked rotor test & 150 percent currept test 3
AC: Six times the full-load current AC: 1.5 times the fulltload current
indicated in Table 30.3 indicated in Taljle 30.3
Horgepower* (kW) DC: Ten times the full-load current DC: 1.5 times the fulltload current
indicated in Table 30.2 indicated in Taljle 30.2
Full-load and locked-rotor amperes Rated locked-rotor amperes 1.5 times rated full-load amperes
@30.2, 30.6 and 30.7.
b 30.6 and 30.7.
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30.4 A control designed for pilot duty shall be capable of performing acceptably when subjected to an
Overload Test consisting of 50 operations, making and breaking a circuit of rated frequency and 110
percent of the voltage indicated in Table 30.1 at intervals of 10 seconds, with the contacts closed for
approximately 1 second each cycle. The load shall consist of an electromagnet representative of the
magnet coil load for which the control is rated, the normal current to be determined from the voltage and
volt-ampere rating of the device. The test coils shall be those described in 31.4. The test shall be
conducted with the contactor free to operate, i.e., not blocked in either the open or closed position. There
shall be no electrical or mechanical failure of the device nor undue pitting or burning of contacts.

30.5 A control which has been tested and found suitable for controlling an alternating-current motor is
acceptable for alternating-current pilot duty without further overload or endurance tests provided that:

a.) D I;IIU thC :uul\cd IUtUI tcot, 30.2, thc CUI ltauto VAAYI A~ uauocd tU |||alr\c ulld blca:\, for 50 CyCles
of opgration at a rate of 6 cycles per minute, a current having a value as indicated|in the second
columin of Table 28.1 at a power factor of 0.5 or less; and
b) Th pilot-duty inrush current at the same voltage is not more than 67-percent of:
1) The rated locked-rotor motor current of the device, or
2) The locked-rotor current corresponding to the horsepower rating, depending on the
basis on which the device is rated.
30.6 A switchh which is not intended primarily to make and:break motor current undgr locked-rotor

conditions, but which has a manual adjusting or regulating wieans which may cause it to
comply with the requirements of 30.2 for a locked-rotor-test; except that, for such a switc
operation on ¢lc, the number of operations shall be five, conducted at intervals of 30 seg
switch shall also comply with the requirements of 30.7 pertaining to the 150 percent overld

30.7 A switchl which may make a motor circuit-under locked-rotor conditions, but which wil
upon to break|the circuit under such conditiens, shall be capable of performing acceptably w
to an overload test consisting of 50 cycles of making and breaking, at a rate of 6 cycles
current as indicated in the third column-ef Table 30.1. For an ac control, the voltage of the tg
have the valug indicated in Table 30.1. For a dc control, it shall be 50 percent of that valy
shall also be gubjected to the Iocked-rotor test described in 30.2, except that it is to make
circuit only. There shall be no_electrical or mechanical failure of the device, no undue burr
welding of the contacts.

30.8 The test|cyclevis-to be 1 second on and 9 seconds off, if the nature of the control p
to be so madg.

be used, shall
h intended for
onds, and the
ad test.

not be called
hen subjected
per minute, a
st circuit shall
e. The switch
not break) the
ing, pitting, or

Ermits the test

30.9 If an ampere-rated control has the same ampere rating at more than 1 voltage, a test at the highest
voltage is considered to be representative of tests at the lower voltages; but if the control has a greater
ampere rating at the lower voltage than at the higher ones, tests are to be made at the highest and lowest
voltages.

30.10 If a horsepower-rated control has more than 1 voltage rating, the Overload Test is to cover the
conditions of maximum voltage, power, and current. A separate control is to be used for testing each
condition.
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30.11 Except as noted in 30.4 and 31.4, a current-interrupting control for use on dc shall be tested with
a noninductive resistance load. A current-interrupting control for use on ac shall be tested with an
inductive load.

30.12 The power factor of an inductive load shall be 0.75 — 0.80; except that it shall be 0.40 — 0.50 for a
load simulating locked-rotor conditions in a motor, and shall not be more than 0.35 for a pilot-duty load.

30.13 Tables 30.2 and 30.3 give full-load currents corresponding to motor horsepower ratings, and are to
be used in determining loads for the various tests specified for horsepower rated equipment.

Table 30.2
Full-load motor-running currents in amperes corresponding to various d-c horsepower (kw

+ FAY 43
vutpuy)y ratiiriyo

Rating Volts
Horse-powr (kW) 110 - 120 220 — 240 g50 — 600
1/10 (0.08) 2.0 1.0 -
1/8 (0.09) 2.2 1.1 -
1/6 (0.13) 24 182 -
1/4 (0.19) 2.9 1.5 -
1/3 (0.25) 3.6 1.8 -
1/2 (0.37) 5.2 2.6 -
3/4 (0.56) 7.4 3.7 1.6
1 (0.75) 9.4 4.7 2.0
1-1/2 (1.12) 13.2 6.6 2.7
2 (1.49) 17.0 8.5 3.6
3 (2.24) 250 12.2 5.2
5 (3.73) 40.0 20.0 8.3
Table 30.3

Full-load motor-running currents in amperes corresponding to various a-c horsepower (kw
output) ratings

110 - 120 velts 220 — 240 volts 440 — 480 volts 550 - 600 volts
Horse- Single- Fwe- Three- | Single- Two- Three- Two- Three- Tvo- Three-
power (kW phase phase phase phase phase phase phase phase pHase phase
1/10 (0.0B) 3.0 - - 15 - - - - — -
1/8 (0.09) 38 - - 1.9 - - - - — -
1/6 0.1B) 4.7 - - 2.2 - - - - — -
1/4 (0.29) 5.8 - - 2.9 - - - - — -
1/3 (0.25) 72 - - 36 - - — - — -
1/2 (0.37) 9.8 4.0 4.0 4.9 2.0 2.0 1.0 1.0 0.8 0.8
3/4 (0.56) 13.8 4.8 5.6 6.9 2.4 2.8 1.2 1.4 1.0 11
1 (0.75) 16.0 6.4 7.2 8.0 3.2 3.6 1.6 1.8 1.3 14
1-1/2 (1.12) 20.0 9.0 10.4 10.0 4.5 5.2 2.3 2.6 1.8 2.1
2 (1.49) 24.0 11.8 13.6 12.0 5.9 6.8 3.0 3.4 2.4 2.7
3 (2.24) 34.0 16.6 19.2 17.0 8.3 9.6 4.2 4.8 3.3 3.9
5 (3.73) 56.0 26.4 30.4 28.0 13.2 15.2 6.6 7.6 5.3 6.1
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30.14 Except as noted for a dc control in 30.7 and 31.1, all current-interrupting tests are to be made at
the voltage indicated in Table 27.1. The open-circuit voltage of the supply circuit is to be not less than 100
percent nor more than 105 percent of the specified test voltage, except that a higher voltage may be
employed if agreeable to those concerned. The current-carrying capacity of the supply circuit is to be such
that the closed-circuit voltage with rated current flowing is within 2-1/2 percent of the specified test voltage.

30.15 For a grounded neutral system, the enclosure shall be connected during the test through a
3-ampere cartridge fuse to the grounded conductor of the circuit. For any other system, the enclosure
shall be connected through such a fuse to the live pole least likely to strike (arc) to ground. The fuse shall

not blow durin

g the test.

31 Endurance Test

31.1 Relocatse

31.1.1 The tg
other non-eleq
or the switchirn
need to be ey

31.1.2 A control shall perform as intended when operated manually,*thermally, by pressur

of, an automal
is to be 6 cyc
of operation o

bd as 31.1.2 April 30, 2001

sts described in 31.1.2 — 31.5 are for testing the contacts of electromagne
tronic switching devices. These conditions are able to be used to test the con
g devices separately, when the switching devices are combined with electror
pluated to the thermal cycling test, in accordance with Sectionv31C.

Added 31.1.1 effective April 30, 2004

ic cycling device, as appropriate, for the number ofcycles indicated in 31.2. T

- a different cycling rate is specified in 31.3. If an electrical load is involved, th

tic relays and
hplete controls
ic circuits that

b or by means
he cycling rate

es per minute, unless the nature of the controkrequires a longer time to commplete a cycle

is test is to be

preceded by the Overload Test, Section 30. During the(Endurance Test and except as otlerwise noted,

a switch shall
control of am
of full-load m

applicable. If {he switch contacts control a demotor and in the intended application the sw

but not break
percent of the
at the conclus

31.2 The con
controls shall
heaters and 3
tested at leas

make and break its rated current at the\voltage indicated in Table 27.1. Swit
btor are to be tested with full-load mator current; if the switch is rated in horse
ptor current, the latter value is to-be determined from Table 30.2 or 30.3

the motor circuit under locked-rotor condition, the potential of the test circ
value indicated in Table-27.1. The control shall be mechanically and electr
ion of the test and shall perform its intended function.

31.1 relocated as 31.1.2 April 30, 2001

dition for the Endurance Test shall be as described in 30.8 — 30.15. The Endy
consist of atleast 30,000 cycles for a fan control or temperature regulating cg
t least 200,000 cycles for other automatic-reset controls. A manual-reset c
6000 ¢cycles; 1000 cycles with current and 5000 cycles without current.

h contacts for
power instead
whichever is
itch will make
it is to be 50
cally operable

rance Test for
ntrol for water
bntrol shall be

31.3 Magneti

L. 'manual, and motor-operated switches may be tested at the rate of 6 cycl

PS per minute.

Temperature- and pressure-operated switches shall be operated by temperature or pressure as
appropriate, at the rate indicated in Table 31.1, unless the contacts of such switches are always operated
by snap action, regardless of the rate of temperature or pressure increase or decrease and prior to the
shap action there is no loss of contact pressure. Snap action switches may be operated at the same rate
as magnetic, manual, and motor-operated switches.
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31.4 A switch designed for pilot duty shall be capable of performing acceptably when operated for the
number of cycles indicated in 31.2, making and breaking a circuit of rated frequency and at the voltage
indicated in Table 27.1. Unless the nature of the control requires a longer time to complete a cycle of
operation or a different cycling rate is specified by 31.3, the rate of speed of operation for the test shall be
as follows: for a manually operable control, the first 1000 cycles shall be at the rate of 1 cycle per second
(except that the first 10 or 12 operations shall be made as rapidly as possible) and the remaining cycles
shall be at the rate of 6 cycles per minute, with the switch closed for approximately 1 second each cycle;
and for a self-actuated control, the entire number of cycles shall be at the rate of 6 cycles per minute, with
the switch closed for approximately 1 second each cycle. The load shall consist of an electromagnet
representative of the magnet-coil load intended to be controlled, the normal current to be determined from
the voltage and volt-ampere rating of the control. The test current shall be the normal current, and for an
ac rating, the power factor shall be 0.35 or less and, unless a different inrush current is specified in
accordance w - ; f f - test shall be
conducted with the contactor free to operate, i.e., not blocked either open or closed. There shall be no
electrical or mechanical failure of the control nor undue pitting or burning of contacts(

Table 31.1
Number of cycles and cycling rate for endurance test

Total number of cycles Cycling rate
of operation First portiofy,of test Second portior] of test
Maximum Maximum
With Without No. of cycles per No. of cycles per
Type of control current current cycles minute cycles minute
Automatic-Rpset 100,000 - 75,000 6 25,000 12
Fan and Temperature Regulating 30,000 - 24,000 6 6,000 12
Controls
Manual Resgt 1,000 5,000 1,000° 12 5,000 6
2 The test shjall be conducted with 50 +20 percent "on".time obtained by slow rate of change of temperaturg or
pressure.
b The test shall be conducted with current.

31.5 If a confrol requiring an endurafce' test of 100,000 cycles has two or more electrical ratings (i.e.,
different currents at different voltages) which are approximately equal in volt-amperes, it may be tested
for not less thpn 25,000 cycles ateach rating, but the total number of cycles on any one sample shall be
not more tharf 100,000. At least-one sample, however, is to be tested for a total of 100,0p0 operations.
Similarly, a cqntrol requiring an Endurance Test of 30,000 cycles is to be tested for not Igss than 7500
cycles at each rating.
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31A Failure Mode Effect Analysis (FMEA) Procedures
Added 31A effective April 30, 2004

31A.1 In order to determine compliance with 4B.2, a control that includes electronic circuits and
components is to be subjected to a component failure mode effect analysis in accordance with 31A.2 —
31A.5. A control complies with the requirements when, with one component faulted, it operates in
accordance with (a) or (b).

a) The control continues to operate normally within the declared timings and sequence. In this
event, the component is to be left in the failed state and a second component is to be faulted
(see 31A.5) until all circuit components are faulted, one at a time, in conjunction with the
original faulted component. The control shall either continue to operate within the declared
timings—amncsequenceor{b)yshatt-occor:

b) The control operates to de-energize its load contacts associated with the‘contrglled circuit
immegliately.

31A.2 For thig analysis, the control is to be at a room temperature of 25 +5°C/(77 +£9°F) and energized
at rated voltage. Tests are also to be conducted at 85 percent and 110.percent of rated yoltage and in
rated high anfl low ambients when it is observed that introduction of faults is able to aff¢ct the control
programming jand response timings.

31A.3 Excepf as stated in 31A.1(a), faults are to be introdticed to one component at a time, and
observations for each fault are to be continued long enough to~determine the ultimate effect. The faults in
Table 31A.1 gre to be evaluated.

Table 81A.1
Electrical faults

omponent Type of fault
Open circuit Short circuif

Resistor

Thin film yes no

Metal film yes no

Wire wound yes no

All others yes yes
Capacitors yes yes
Diodes yes yes
Transistors

Each pin connpctieh.to circuit® yes Not applicgble

Pins to each other? Not applicable yes
Intergrated circuits

Each pin connection to circuit® yes Not applicable

Adjacent pins to each other? Not applicable yes

Each pin to referenced ground? Not applicable yes

Each pin to power supply? Not applicable yes
Relay coils yes no

a0ne pin at a time only.
bOne pair of the pins at a time only.
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31A.4 When faulting of a component damages the component or other components and renders the
circuit inoperable after the fault is removed, the damaged components are to be replaced for analysis of

other faults.

31A.5 With respect to 31A.1(a) when two or more components are provided for redundancy, in case of
a fault of a single component, only one of the redundant components is to be faulted at a time, when:

a) The failure of one of the components does not electronically overload the others; and

b) A single fault occurring in the circuit does not introduce a faulted condition to redundant
components.

31B Mains B(I)rne Perturbations, Magnetic and Electromagnetic Disturbances

31B.1 General

31B.1.1 The
specified in th
using the test
31B.1.2 After
a) Th
b) Th

Operating nof

output associated with the limit circuit. Once(a safe condition is restored, the control wil

reset or will re

31B.1.3 The
temperature o
110 percent g
introduction o

31B.1.4 A se
be performed
operates in itg

Added 31B effective April 30, 2004

controls that include solid-state circuits or components are\to’ be subjecte
e Standard For Tests For Safety-Related Controls Employing” Solid-State De
parameters and conditions specified in 31B.1.2 — 31B.7.3!

each test, the control shall comply with either (a)or (b):

e control continues to operate within its ratings-and normal operating sequer
p control immediately operates to de-energize its output associated with the
mally means that when the contral ‘senses the abnormal condition, it will g
quire a manual reset to initiate operation again.

letermination for normaheperation is to be made with the control operating
f 25 +5°C (77 £9°F) ‘and at rated voltage. Tests are also to be conducted at §
f rated voltage and‘in rated high and low ambient temperatures, when it is
the disturbances affect the control operation.

parate safmple is to be used for each test, unless all parties agree that multig

on a single sample. When a single sample is used, it is to be determined t
normal operating sequence and at declared ratings after each test . See 31

d to the tests
Vices, UL 991,

ce; or
imit circuit.

e-energize its
automatically

in an ambient
5 percent and
observed that

le tests are to
hat the control
B.1.3.
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31B.2 Voltage dips and interruptions

31B.2.1 After the application of each voltage dip or voltage interruption, as described in 31B.2.2 and
31B.2.3, the control shall comply with the criteria specified in Tables 31B.2 and 31B.3, as applicable, for
the specific operating sequence during which the dip or the interruption was applied.

31B.2.2 The control is to be initially operated at its rated voltage and then subjected to instantaneous
voltage dips and voltage interruptions in accordance with 31B.2.3 and Table 31B.1.

Table 31B.1

Voltage dip and interruptions test

Test Test Conditions
Percent of dip based on Duriation| of dip or
rated voltage interrpption
Voltage dips 30 0.5 gecond
60 0.5 gecond
Voltage interruptions 100 1/2 and 1 cycle of supply
waveform
100 0.5 gecond
100 60 s¢conds

31B.2.3 Each
following oper

voltage dip or voltage interruption test is tosbe performed three times i
ating conditions:

h each of the

a) During the standby time, if applicable;
b) Dduring the normal running condition,-with the control sensing normal conditiond (i.e. the
contrgl has not sensed an abnormal.condition to cause the control to remove power from the
safety] contacts); and
c) While the control is sensing-an abnormal condition, such as low water, high temperature,
high gressure, or similar_condition.
Table 31B.2
Required performance for voltage dip tests
Voltage dip|applied during the Required performance as indicated by the referenced item of 3{LB.1.2
operating seqyence indicted by the
referencelitenof 31B.2.3 30 percent of rated voltage 60 percent of rated Joltage
@ @ (@), (b)
(b) G (a), (b)

©

(@)

@
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Table 31B.3
Required performance for voltage interruption tests

Voltage interruption applied
during the operating

Required performance as indicated by the referenced item of 31B.1.2

sequence indicated by the
referenced item of 31B.2.3

1/2 and 1 cycle of waveform

0.5 second

60 seconds

@
(b)
©

(@
(@
(a)

(a),(b)
(a).(b)
@

(b)
(b)
@

31B.3 Ramp voltage tests

31B.3.1 After

of the applicable operating conditions specified in 31B.1.2.

31B.3.2 Each

voltage reducgd to 20 percent of rated input. The voltage is then continuously‘increased to
10 percent of rated voltage per second. This test is to be repeated three tines, in each of

at the rate of
the operating

31B.3.3 Each
input is to be

second. This fest is to be repeated three times, in each of thé.operating conditions specifi

31B.4 Voltagé/current surge tests

31B.4.1 After
voltage contrg
Il tests for loy
operate in acd

31B.4.2 Each control is to be tested using the unidirectional wave surge generat

waveshapes {
UL 991. For
control is to K

each of the tests in 31B.3.2 and 31B.3.3, the control shall operate in accord

control is to be subjected to a gradual input voltage increase, starting in

conditions specified in 31B.2.2.

each of the Severity Level | tests for lew voltage controls and Severity Level
Is, the controls shall operate in accordance with 31B.1.2(a). After each of the
vV voltage controls and Severitychevel 1l tests for line voltage controls, the
ordance with any one of the, criteria specified in 31B.1.2.

hown in the Standard for Tests for Safety-Related Controls Employing Solid-
he Transient Overvoltage Test and under the severity levels specified in
e subjected tofive (5) impulses at each polarity, plus (+) and minus (-),

ance with any

tially with the
rated voltage,

control is to be subjected to a gradual voltage decreasé. Starting with the rat¢d voltage, the
decreased to 20 percent of rated voltage, at the rate of 40 percent of rated voltage per

ed in 31B.2.2.

Il tests for line
Severity Level
controls shall

br circuit and
State Devices,
31B.4.3, each
pplied in turn,

between the power supplytterminals of the control and between each of the load terminals, at intervals
b0 secondS.-For these tests, the control is to be energized at rated voltage. H
jucted With the control in the abnormal condition and the other half during
ich_are“determined to be most affected by the voltage or current surges.

not less than
are to be con
sequences wi

31B.4.3 Both

If of the tests
her operating

everity levels

of the peak values of open-circuit voltage and short-circuit current of the surges, in accordance with Table

31B.4.
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Table 31B.4
Maximum input

Maximum rated Peak value of the surges
input voltage, Severity Level | Severity Level I Severity Level Il
\% kV kA kV kA kv kA
30 0.5 0.25 0.8 0.4 + +
300 + + 1.6 0.8 2.5 1.25

31B.5 Ring wave test

31B.5.1 The ring wave test is to be conducted under the same conditions as the voltage/current surge

tests in 31B.4
form consistin
a decrement 9

31B.5.2 The
the same as s

31B.5.3 After
voltage contrg
Il tests for loy
operate in acq

31B.6 Electro

31B.6.1 Each
for Tests for

31B.6.2 and 3
31B.1.2(a). Af
of the criteria

31B.6.2 Each
ranges. At Se
to be 2.0 to 1
surfaces whic
control. The d

31B.6.3 Two
remaining thi

g of a pulse with a rise time of 0.5 microsecond, followed by an oscillation a
uch that each peak is 60 percent of the preceding peak.

beverity levels, based on the rated input voltages and the peak voltage of the
pecified in 31B.4.2.

each of the Severity Level | tests for low voltage controls-and Severity Level
Is, the controls shall operate in accordance with 31B.12(a). After each of the
v voltage controls and Severity Level Il tests for_{ine* voltage controls, the
ordance with any one of the criteria specified in 31B.1.2.

static discharge tests

control is to be subjected to electrostatic-discharge tests, in accordance with
Safety-Related Controls Employing. Solid-State Devices, UL 991, except as
1B.6.3. After each of the Severity Level | tests, the controls shall operate in ag
fer each of the Severity Level IkieSts, the controls shall operate in accordanc
Specified in 31B.1.2.

control is to be subjected to five sequences of discharges at two severity le
verity Level |, the range is to be 2.0 to 5.0 kV, +5 percent. At Severity Level

5.0 kV, £5 percent) The discharges are to be applied to all accessible surfs
N are accessible/after detachment of parts that need to be removed for ins
scharge elégtrode tip is to be moved as fast as possible toward the control.

of theXive discharges are to be applied with the control in the abnormal
eesdischarges are to be applied with the control in operating sequeng

determined to

oduce a wave
100 kHz with

bulse, shall be

Il tests for line
Severity Level
controls shall

the Standard
5 described in
cordance with
e with any one

els of voltage
I, the range is
ces, including
allation of the

condition. The
es which are

be-most affected by the discharges.
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31B.7 Radiated electromagnet field test

31B.7.1 Each control is to be subjected to tests in accordance with Radiated EMI Tests in the Standard
for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991, except as described in
31B.7.2.

31B.7.2 Each control is to be subjected to two sweeps of the frequency range of 27 MHz to 500 MHz at
two severity levels of the field strength. At Severity Level |, the field strength is to be 3 volts/meter. At
Severity Level ll, the field strength is to be 10 volts/meter.

31B.7.3 One of the sweeps is to be conducted while the control is in the abnormal condition. The other
sweep is to be conducted with the control operating in a sequence which is determined to be most

affected by th

31B.7.4 After
After each of
criteria specifi

31C Thermal

31C.1 Controg
as described

31C.2 The cq
between the
accordance w
except that fo
voltage. The ¢
terminals of th

1 + 41 ot
L CICLLTUTTTIAYyTIT UL Tavuiativlt.

each of the Severity Level | tests, the controls shall operate in accordance W
the Severity Level Il tests, the controls shall operate in accordance with g
bd in 31B.1.2.

Cycling Test for Electronic Devices
Added 31C effective April 30, 2004

s employing electronic circuits or devices shall be sdbjected to a 14-day thern
n 31C.2 — 31C.5.

ntrol is to be tested in a chamber in which thé ambient temperature is abl
minimum and maximum operating temperatures declared by the ma
ith 31C.3. During the test, the control.is to be energized at 110 percent of
30 minutes during each 24 hour perjod, the voltage is to be reduced to 90 p
hange in voltage is not to be synchronized with a change in ambient temperg
e control are to be connected te.the maximum rated loads, as declared by the

31C.3 The rgte of change in the ambient temperature, as specified in 31C.2, is to be

minute. Wher]
maintained fo

31C.4 During
sensing, and

31C.5 When
non-electronic

the minimum or maximum ambient temperature is reached, that temper
one hour before initiating another change.

the test, the confrol is to be cycled through its normal operational modes of
bhutdown, at-the fastest rate possible, up to a maximum of six operating cycl

agreeable to all parties concerned, and upon request, the testing of the ¢
switching devices shall be combined with the test described in 31C.1 — 31C.

th 31B.1.2(a).
ny one of the

hal cycling test

b to be varied
hufacturer, in
rated voltage,
ercent of rated
ture. The load
manufacturer.

2°F (1°C) per
hture is to be
Start-up, flame

BS per minute.

pntacts of the
B. For this, the

number of cyd

les.accumulated during the test in 31C.1 — 31C.3 shall be recorded. After coinpletion of the

14-day test, the test voltage is to be adjusted to rated voltage, and the test temperature is to be
maintained at the manufacturer’s declared maximum ambient rating. The test is then to be continued, and
a total of 100,000 cycles of operation is to be accumulated.
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32 Dielectric Voltage-Withstand Test

32.1 High-voltage portions of a control shall be capable of withstanding for 1 minute without breakdown
the application of a 60 cycle alternating potential of 1000 volts plus twice maximum rated voltage of the
circuits involved:

a) Between uninsulated high-voltage live parts and grounded or exposed metal parts or the

enclosure with the contacts open and closed;

b) Between high-voltage terminals of opposite polarity with the contacts closed;

c) Between uninsulated high-voltage live parts and components of circuits classified under

o Talkl 101
maoe i TAavic 10, 1L

[l [ .
Ul Ao TUVWTVUILAyT,

a) Three assemblies in the as-received cagndition, are to be tested to dielectric brg
betwelen live parts and grounded-metal parts.

b) Three additional assemblies are-to be tested to dielectric breakdown between |
grounfled-metal parts after conditioning for ten days at maximum rated service cor
(tempgrature and pressure).

32.4 The dielectric withstand (of)ythe assemblies tested after conditioning shall be comj
dielectric withgtand of the assemblies tested in the as-received condition.

32.5 A contrql employidg a low-voltage circuit shall be capable of withstanding for 1
breakdown thg application of a 60 cycle alternating potential of 500 volts applied betweg
low-voltage live parts of opposite polarity (with contacts, if any, closed), and betwee]

nother high-

18.1 and

standing for 1
the maximum
hected to the
owing:
akdown

ve parts and
ditions

barable to the

hinute without
n uninsulated
n uninsulated

low-voltage lijevparts and the enclosure and grounded dead-metal parts.

32.6 Within a portion of a circuit that is low-voltage and nonsafety, beyond any fixed impedance as
described in 2.6(b), the opposite polarity dielectric voltage-withstand test may be omitted.

32.7 A Class 2 transformer shall be capable of withstanding without breakdown, for a period of 1 minute,
the application of an alternating potential of 1000 volts plus twice the maximum rated primary voltage, at
rated frequency, between primary and secondary windings and between the primary winding and the core
or enclosure.
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32.8 A power transformer shall be capable of withstanding without breakdown, for a period of 1 minute,
the application of an alternating potential of 1000 volts plus twice the maximum rated primary or
secondary voltage, at rated frequency, between primary and secondary windings; and shall be capable of
withstanding under the same conditions the application of an alternating potential of 1000 volts plus twice
the rated voltage of each winding, at rated frequency, between each winding and the core or enclosure;
except that the test between primary and secondary windings is omitted in the case of an autotransformer.

32.9 If a barrier or liner is employed to insulate an exposed dead-metal part, the control shall be capable
of withstanding a Dielectric Withstand Test as indicated in 32.1 between uninsulated live parts and the
exposed dead-metal part. See also note (c) of Table 18.1.

32.10 If a control includes a meter or meters, such instruments shall be disconnected from the circuit and
tested separagety-

32.11 The ingulation on a flexible pigtail lead for a high-voltage circuit or for a low-yQltage| safety-control
circuit where failure may cause unsafe operation shall be capable of withstanding for 1 Einute without
breakdown, when dry, an alternating potential of 1000 volts plus twice maximuminrated volfage; and after
exposure to moist air, such a lead shall be capable of withstanding without ‘Breakdown |an alternating
potential of rafed voltage plus 500 volts. A flexible pigtail lead for other low*voltage circuitg shall comply
with the requifement of 32.4.

32.12 A lead|which is to be tested dry is to be conditioned for 24 hours in a desiccator with dry calcium
chloride; and f lead which is to be tested after exposure to moist air is to be conditioned for 24 hours in
air having a relative humidity of 85 +5 percent at a temperature of 32 +2°C (89.6 +3.6°F).
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