®

UL 2525

STANDARD FOR SAFETY

Two-Way Emergency Communications
Systems for Rescue Assistance



https://ulnorm.com/api/?name=UL 2525 2020.pdf



https://ulnorm.com/api/?name=UL 2525 2020.pdf

JUNE 12, 2020 -

UL 2525

tr1

UL Standard for Safety for Two-Way Emergency Communications Systems for Rescue Assistance, UL

2525

First Edition,

Dated June 12, 2020

SUMMARY OF TOPICS

This is the first edition of ANSI/UL 2525, Standard for Two-Way Emergency Communications
Systems for Rescue Assistance, and includes approval as an American National Standard.

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

2020 and M3

All rights re
transmitted |
without prior

UL provides
not limited to

In no event
including los
inability to u
possibility of
this Standarg

Users of the
harmless fro
attorney's fe
Standard on

v 82020,

served. No part of this publication may be reproduced, stored in a_retriev
n any form by any means, electronic, mechanical photocopying, recording,
permission of UL.

this Standard "as is" without warranty of any kind, either expressed or implied,
the implied warranties of merchantability or fitness for any.purpose.

will UL be liable for any special, incidental, consequential, indirect or simi
5 of profits, lost savings, loss of data, or any othef )damages arising out of the
e this Standard, even if UL or an authorized *UL ‘representative has been 4
such damage. In no event shall UL's liability for'any damage ever exceed the
, regardless of the form of the claim.

electronic versions of UL's Standards*for Safety agree to defend, indemnify,
m and against any loss, expense, liability, damage, claim, or judgment (includir
bs) resulting from any error orsdeviation introduced while purchaser is storing
the purchaser's computer system.

bl system, or
or otherwise

including but

ar damages,
use of or the
dvised of the
price paid for

and hold UL
g reasonable
an electronic



https://ulnorm.com/api/?name=UL 2525 2020.pdf

tr2 JUNE 12, 2020 - UL 2525

No Text on This Page



https://ulnorm.com/api/?name=UL 2525 2020.pdf

@ m\eﬂnan Nﬂlio,,a, -94,
o

N\
‘QQ

JUNE 12, 2020

ANSI/UL 2525-2020

UL 2525

Standard for Two-Way Emergency Communications Systems for Rescue

Assistance

First Edition

June 12, 2020
Tlhis ANSI/UL Standard for Safety consists of the First Edition.

he most recent designation of ANSI/UL 2525 as.an.American National Standar
ANSI) occurred on June 10, 2020. ANSI approvalfor a standard does not includ
he Cover Page, Transmittal Pages, and Title Page.

~~

—

Gomments or proposals for revisions.on any part of the Standard may b

S
Request in UL's On-Line Collaborative Standards Development System (CSDS
at https://csds.ul.com.

L's Standards for Safety-ate copyrighted by UL. Neither a printed nor electron
ppy of a Standard should’'be altered in any way. All of UL's Standards and 3
ppyrights, ownerships, and rights regarding those Standards shall remain th
ple and exclusiverproperty of UL.

w0 0

COPYRIGHT © 2020 UNDERWRITERS LABORATORIES INC.

Lbmitted to UL at any time. Propgsals should be submitted via a Proposal

[OJeX

e

~

D =0



csds.ul.com
https://ulnorm.com/api/?name=UL 2525 2020.pdf

UL 2525 JUNE 12, 2020

No Text on This Page



https://ulnorm.com/api/?name=UL 2525 2020.pdf

JUNE 12, 2020

UL 2525

CONTENTS
INTRODUCTION
IS Tt o] o1 PR 9
D 1Y o= | PPN 10
b2t I ©7o 191 o o] a =1 o1 £ PP 10
2.2 Units Of MEASUMEMENT ... ... e e e e e e e e eeeas 10
2.3 Undated referenCes .......oo. i 10
K €] (01T PSP 10
4 Information Required for ASSESSMENT ...........ciiiiiiiiiiiii e 14
CONSTRUCITION
I € 7=11 1= - | RN = SUPTN S 15
LT =l To o T U ] PSP Y P3N RUPS 15
B]1 General ......coeuiiiiee e e e 15
6|2 Metallicmaterial ..o S e 15
6|3 Polymeric materials ........ccooviiiiiiei e e e, 18
1] 00T PP S5 AP S 19
6|5 Battery compartments........ ... T e 20
6|6 Enclosure openings —general ...........ccoooveee 0N i 20
6|7 ENnclosure top OPeNINgS.......coeuuiiieiiieiie e e e et e e eieeeen e eeeeeenn e eeneeee e 21
6|8 Enclosure side 0penings ..........oceuvvveenee B0 e 21
6[9 Enclosure bottom openings ..........oevivmi@iiiiiiiiee e, 25
7 Intefnal MaterialS ......cooniiiiie e e 25
8 Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts .........J............... 26
9 Meghanical ASSEMDIY ... A e 28
10  Prptection Against CorroSIiON ......ocll e eeen e e e e e e, 29
11 Branch-Circuit CONNECHION ......5 e e e e e e e e s e e e e 29
1.1 GeNEral. ..o S S e 29
1.2 Permanently CONNECLEd.............oooiiiiiiiiii e 29
11.3 Cord-connected ProduCt ..........coiiiiuiiiiiiiiie e e 31
12 Other Field-Wiring CONNECLIONS ........cooiiiiiiiiiiiiiiieecei e e 34
LD B T o= | B e vt NP 34
1R.2 Field-wiring compartment ..o e 34
1R.3 PowerAimited CirCUItS ......cuuiiee e e 34
1R.4 Field-wiring terminals (general application) ............cccooiviiiiiniiiiiiinenc 35
1R.5 Field-wiring terminals (qualified application)............cccooovviiiiiiinnc 36
TR:6YFIeld-WiriNg 1€ads. ......cuuiiiiii e 37
7 A 7 o o <3 T ] LU [ 1< U 37
G T 10 (=3 o = I T 38
S TR 7Y o= | 38
13.2 Splices and CONNECHIONS........ceui i e e e e e eeenas 39
13.3 Connectors and reCePtaCIeS .......coou i 39
T4 ProteCtive DEVICES. ... .o it a e 39
15 CUeNt-Carmying PartS........oouuiiiiii e e e e e e e e s 39
ST o= Tor g T < PP 40
17 Insulating Material ... ... e 41
18 Printed-WiIrNG BOArds.........couuuiiiiiiiiee et 42
19 ENA-Of-LINE DEVICES ...ttt et e et e e e e e e e et e e eaeeeens 42
20 Voltage-Dropping RESISIOIS. ... .c.u e e e 43
b B o1 VAo To 1 g o [P PPTPPPRPR: 43
A O o] 131 oo 1= ) - PPN 43
D B | (o 1= 3 43


https://ulnorm.com/api/?name=UL 2525 2020.pdf

4 UL 2525 JUNE 12, 2020

22.2 Lampholders and [amps ... . ..o 43
22.3 Operating MECNANISIMIS ... ... et e e e anas 43
22.4 Across-the-line COMPONENES ........ciiiiiii e e 44
23  Grounding for Products Containing High-Voltage CirCuitS ...........ccccooviiiiiiiiiiiiiiie e, 44
2 ¥ 11 (=Y 4 =Y P 46
24 1 Rechargeable storage-type used as standby power source..........c...cccoivieiiiiiiiineen. 46
24.2 Primary dry-cell batteries. ... ..o e 47
24.3 Lithium Datteries ... ... e 47
WA TR =V Tor g To Il (0] (=Y o1 (o] o P 48
24 Tt B 7= 1= o | N 48
25.2 Trained Service PersONNEl ..........oiiu i 48
25.3 Antenna terminal discharge assembly ....... ... 48
PROTECTION AGAINST INJURY TO PERSONS
PG T €T o= - | PSPPI (o DRSSP R 49
27  Telpescoping ANtenNa ..........ooeviiiiiiiiieiiei e e 49
28  ShBIMP EAQGES....cciiiiiiiiiiiii e e e 50
29 StPDIlItY cooeeeiie e NV e 50
PERFORMANCE
GENERAL
30 DEJAlS ... B et e e ee e e 51
30.1 Testsand vOIagEeS ......uovvnviiieee s e e, 51
30.2 Maximum rated 10ad ..........couuieri e B e e e e e e e e e 51
OPERATION|TESTS
31 SPECIICS ..o e 52
TWO-WAY EMERGENCY COMMUNICATIONS OPERATION
32 OPErAtioN ... e e 52
Ky B B 1= T = | PSR UPPRRRTY ST 52
34.2 Two-Way*Emergency Communications Functional Sequence .............ccc..... )i, 53
34.3 Master Control Unit Display information.............cccooooeiiiiiiiii s 54
3.4 SUPEIVISOrY SIGNQAIS......ccouuuiiiiiiiie ettt e, 55
33.5 Remote Communications Station Display information...................c... 56
B A O 4T ] [0 | 1 = 1 56
33 Two-Way Emergency Communications Control .............oieiiiiiiiiiiiiiiiieieiis e 56
R I 1= 3 =Y - | 56
33.2 MONItOrING INTEGIILY ... et e e e 57

COMMON REQUIREMENTS

34 POWET SUPPIIES ..enniiiiiiiii ettt e e e e e et e e e 58
B4 GBNEIAL ...ttt 58
34.2 Primary POWETE SOUICE ......ueeuuu et ettt et e et e et ettt e e e et et e e e et e et eb e e ea e eetneeeanaaees 58
34.3 SeCONAAry POWET SOUICE(S) . .ceeutueeeitun i eeeeeti e e e eett e e e eett e e e eeeta e e eeetn s eeeeatneeeeeennaaaeenes 59
34.4 Primary Datteries ........cooouu i e 59

35 Common Performance and Monitoring for Integrity — Two-Way Emergency Communication
325 (=1 101 60

TS T B C 1= o =] = | PP 60


https://ulnorm.com/api/?name=UL 2525 2020.pdf

JUNE 12, 2020 UL 2525 5

36
37
38

39

44

45
46

47

48
49
50
51

52

53
54

35.2 Attendant notification appliance CirCuits ...........ccccoiiiiii i, 64
35.3 Communications circuit between master control units and remote communications
stations and networked master control UNits ..............ooiiiiii e 64
35.4 Auxiliary power supply SUPErVISOrY CirCUIt ...........viiiniiiiiieii e 64
35.5 Low-power radio-frequency SigNaling ............ooeeeiiuiiiiiii e 65
Trouble SIGNQIS ... e e e e e 66
Components — Monitoring for INtegrity...........coooiiiiiii i 67
ST 11T = PSP 68
BT Tt 7= =Y - | 68
38.2 User access and ProgramiMing ............ . eeeeuuueeeeeeneeeeti e eeeati e eeeai e eeesai e aeenaa e eeenans 69
38.3 Software INTEgrity ....... oo e 69
CombINAtioN SYSIEMS ... .ceiiii e 70

Campatibility TEStS ..coeeveiiii e ¥ e 78
8 T o= | S R 78
44.2 Attendant notification appliance'Circuits (NAC) ..........ooviviiiiiiiiiiiinieeic 78
44.3 Power output CirCUits........5cl e 78
Camponent TeMPErature TSt .t .. iuun i 79
Charging Current TesSt....... . i et e e e e 83
T T o= | P 83
46.2 Discharged battery. i ... 83
4B5.3 Charged battery:. ... ..o e 84
46.4 Discharged battery — second trial .............cooooiiiiiiiiii 84
Variable Ambient.Temperature and Humidity Tests........c.ccooviviiiiiiiiiiiee b, 84
A B T o= v | USSP NSPPR 84
4F.2 Lowtemperature test .. ...oooniiiii e 85
4F .3 . High temperature test............oiiiiiiiiiii e 85
AP 4 HUMIAItY teST ..o 85
= o W= T T =T P 85
Leakage CUENt TEST ... .cccuiiiii e e e e e e e aa s 86
JaITING TSt ..ottt ettt et 89
LI =10 ES 1= 1= 90
o It 1= =Y - | 90
51.2 Externally-induced supply-line transients ............ccooiiiii i, 91
51.3 Internally-induced tranSientS .........couiiii e 91
51.4 Input/output (low-voltage) field-wiring transients............cooooiiiiiiiiiii e, 91
F 0 [o [ 030 =T 5 (0] ' 0 =1 o o7 97
o220 B € 1= =Y - | 97
52.2 Rated Sound OUIPUL ......oeiie e 99
52.3 FrequenCy RESPONSE ... ... i e eas 99
52.4 Total Harmonic DiStOrtion ..........c..ieiiiiii e 100
Ignition Test Through Bottom-Panel Openings..........coooiuiiiiiiiiiiieic e 100

Dielectric Voltage-Withstand Test .........cooouiiiiiiii e 101


https://ulnorm.com/api/?name=UL 2525 2020.pdf

6 UL 2525 JUNE 12, 2020

55  Abnormal Operation TestS. .. ..o 102
LTS T I €Y = = PP 102
LI A O o =T - 110} o HS PRSP 103
55.3 Field-WiriNg CIFCUILS ......oeue e 103
55.4 EleCtroniC COMPONENTS ........iiiiii et e et e e e 103
55.5 Cooling fans and BIOWETS ........couuiiii i e 104
55.6 Transformer DUMNOUL .........ooiiiiii e e e e e e e eeaeen 105
55.7 Off-site commuNICAtioNS lINKS .......coouuiiiiiiiiii e e 105
55.8 Evaluation of reduced spacings on printed-wiring boards.............cccoooeiiiiiiiiiiieneennn, 106
56 Tests on Special Terminal ASSEmMbDIlIES...........oiiiiiiiiiii e 106
oG I €T g =Y - | 106
56.2 Mechanical SeCUreness test .........oooiui i 107
Lo LG IO I 1 (=3 Ao 15 C=5 U ISR 107
58.4 Millivolt drop test........coveiiiiiie el GV 107
54.5 Temperature test ..........ccoiiiiiiiiiiii e N 107
57 Meghanical Strength Test for Metal Enclosures and Guards............cooooc. e D i, 107
58  IMPact Test ... ..o e A e 110
59 Raflio Frequency Interference Test ... T 110
60 Shprt-Range Radio Frequency (RF) Devices Test.........ovvvviiie it eeeeeiinneeeeee e 111
60.1 GENEIAl...cceeiiiieiiiii e e e e, 111
6(.2 Reference Level Determination.............ccccoevveveein o 0 i e 111
6Q.3 Interference IMmmuUNIty .........ccoooiiiiiiiiim e 112
60.4 Frequency SelectiVity .........cooooiiiiiii e N 112
L€ T O = T o N N SRR TP 113
6(0.6 Error (Falsing) Rate ..........ccooovvivee B0 e 113
60.7 ThroughputRate..........ccoooiiiiiiiiii S e 114
6(0.8 Maximum duration of transmission ... .. e 115
6Q.9 Transmitter stability tests............ e e 115
6(Q.10 Transmitter accelerated agingtest............coooviiiiiii e e 115
60.11 Installation instructions and user manual..............cccoooiiviiiniininn 116
61  Priary Batteries Test. .. ...t e 116
B1.1 Life teSt .o e 116
61.2 Battery trouble voltage determination ..............cccooiiiiiiiiin e 117
61.3 Battery replacementdest ... e 119
61.4 Butt-type connection pressuretest ... e 119
62  Strhin-Relief Test (o e 120
64.1 Cord-conhected products ..........ccooovviiiiiiiiiie e 120
64.2 Field ONNECHON [€adS ......ceeuiiiiie e 120
63 Anfenna End-Piece Secureness Test ..o, 120
64 Polarity Reversal Test.... ..o 120

MANUFACTURING AND PRODUCTION-CINE TESTS

65 Dielectric Voltage-Withstand Test ... 121
66  Grounding-ContinUIty TEST........ccuuiiiiiiii e e 121

MARKINGS AND INSTRUCTIONS

A Y =T (1T 1= PP 122
LA B =T 1= - PP RPPT 122
67.2 Permanence of Marking ........oooou i e 125
68 Installation Wiring Diagram/INStrUCIONS ...........couiiiiiiiiii e, 125
69  Operating INStIUCHIONS. .......coiiiii e e e e e 129
69.1 Master Control UNit..........ooouiiiiiiiii e e e e e e e e e e e aaa e 129

69.2 Remote Communications Station .........co.oiieiiie i 129


https://ulnorm.com/api/?name=UL 2525 2020.pdf

JUNE 12, 2020 UL 2525 7
70 International LanQUAagES ... ..c.u. i eeas 130
Annex A
Standards for COMPONENTS ... ....iiiiie e e e e e e e e e et e e et e e e e e e e eeenas 131



https://ulnorm.com/api/?name=UL 2525 2020.pdf

UL 2525 JUNE 12, 2020

No Text on This Page



https://ulnorm.com/api/?name=UL 2525 2020.pdf

JUNE 12, 2020 UL 2525 9

INTRODUCTION
1 Scope

1.1 These requirements cover:

a) Discrete electrical products for rescue assistance two-way emergency communication systems,
e.g. remote communications stations, master control units and accessories.

b) Electrically- and electronically-operated amplifiers that provide speech communication and
distinctive sounds in conjunction with rescue assistance two-way emergency communication
systems; and

c) Cgmmercial stationary and fixed power supplies for rescue assistance twoswdy emergency
comnpunication systems, having input and output ratings of not more thap,'600 VY, direct- and
alternating-current, (DC and AC).

1.2 These [requirements cover products to be employed in accordance with-the following Codes and
Standards:

a) National Electrical Code, NFPA 70;

b) National Fire Alarm and Signaling Code, NFPA 72;

c) Life¢ Safety Code, NFPA 101;

d) Intgrnational Building Code (IBC)/International*Fire Code (IFC);
e) Bul|lding Construction and Safety Code, NFPA 5000;

f) Firg Code, NFPA 1.

1.3 The prgducts covered by this standard are intended to be used in combination with other devices to
form a resque assistance two-way-emergency communication system. These products provide all
monitoring, dontrol, and indicating.functions of the system. An installation document(s) proyided with the
product desfribes the variousyproducts needed to form a rescue assistance two-way emergency
communicatipn system and(their intended use and installation. This standard includes systems used for
emergency gommunicationnin the following situations:

a) Exit stairs, stairways, or stair landings (Stairway Communications Systems)

b) Elgvatoriobbies and landings (Elevator Landing Communications Systems)

c) Occupant evacuation elevator lobbies (Occupant Evacuation Elevator Lobby Communications
Systems)

d) Area(s) of Rescue Assistance or Area(s) for Assisted Rescue Communications Systems
e) Area(s) of Refuge Communications Systems

f) Other similar two-way emergency communications systems

1.4 These requirements do not cover:

a) Other initiating devices; nor do they cover notification appliances not provided as part of the
product.

b) Emergency Responder Communications Enhancement Systems, UL 2524,
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¢) Communication systems, which are covered by the Standard for Hospital Signaling and Nurse
Call Equipment, UL 1069.

d) Communication systems covered by the Standard for Emergency Call Systems for Assisted

Living

and Independent Living Facilities, UL 2560.

e) Fire alarm, emergency voice/alarm communication systems, and two-way in-building wired
emergency services communication systems covered by the Standard for Control Units and
Accessories for Fire Alarm Systems, UL 864.

1.5 These requirements do not include determination of compliance with regulations of the Federal
Communications Commission (FCC). Should products covered by these requirements be required to

comply with FCC Teguiations, a report of verification from the manufacturer 15 required as evidence of such
compliance.

2 General

2.1 Compohents

2.1.1 Except as indicated in 2.1.2, a component of a product covered by this standard shall comply with

the requireme

products covegred by this standard.

nts for that component. See Annex A for a list of standards’covering componen

s used in the

2.1.2 A component is not required to comply with a specific.requirement that:
a) Invplves a feature or characteristic not required in the application of the comgonent in the
produg¢t covered by this standard, or
b) Is spperseded by a requirement in this-standard.
2.1.3 A component shall be used in accordance with its rating established for the intended [conditions of
use.
2.1.4 Specific components are“incomplete in construction features or restricted in [performance
capabilities. Buch components Jare intended for use only under limited conditions, such as certain
temperatures|not exceeding specified limits, and shall be used only under those specific condjtions.
2.2 Units of measurement
2.2.1 Value$ stated without parentheses are the requirement. Values in parentheses are ekplanatory or

approximate

£ 'H
mouTTratuvult.

2.3 Undated references

2.31

be interpreted as referring to the latest edition of that code or standard.

3 Glossary

3.1

Any undated reference to a code or standard appearing in the requirements of this standard shall

ACCESSORY - A device or appliance externally connected to a master control unit that is employed

to assure proper operation of a system or to provide supplementary signaling and/or annunciation.
Examples of master control unit accessories are annunciators, end-of-line resistors or diodes, auxiliary
relays, remote switches, and the like.
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3.2 ACKNOWLEDGE - Action taken to confirm that a message or signal has been received, such as
pressing a button.

3.3 ADDRESSABLE - Two-way emergency communication system with discrete identification of
interconnected devices and/or appliances that can have their status individually identified or that is used to
individually control other functions.

3.4 ADVERSE CONDITION — Any condition occurring in a circuit or communication path that interferes
with the proper signaling or interpretation of status-change signals or both. Conditions include radio
frequency interference.

3.5 AIR-HA than ducts or

plenums. Th

r environmental air-handling is an example.

ceiling used fo

b space over a hung

3.6 ANNUI

equivalent means in which each indication provides status information about)a’ circuit,

location.

3.7 ATTEN
the master c

3.8 ATTEN
attendant no

3.9 AVERA

half of an altg¢rnating cycle.

3.10 BATT
batteries in
batteries are
primary sour:

3.11 REM
operation of

3.12 CIRC

a) Hig
chara

NCIATOR — A unit containing one or more indicator lamps, alphanumeri¢ disp

DANT NOTIFICATION APPLIANCE — A notification appliance.intended to get th
bntrol unit operator to indicate an emergency signal, or trouble condition.

DANT NOTIFICATION APPLIANCE CIRCUIT — @& circuit or path directly cor
ification appliance.

GE VALUE — The sum of all instantaneous-~values of current (or voltage), avera

ERY CHARGER - A product intended to deliver sufficient current to mai
heir fully-charged condition while the batteries are not connected to a load.
intended to provide a secondary source of operating power in response to
ce of operating power.

DTE COMMUNICATIONS STATION — A manually-operated device, the nor
which results in an_emergency signal indication at the master control unit.

JIT CLASSIFICATIONS:

h-Voltage Circuit — A circuit involving a potential of not more than 600 V nomin
cteristics in excess of those of a low-voltage circuit.

ays, or other
condition, or

e attention of

nected to an

pjed over one-

ntain storage
The storage
failure of the

mal intended

al and having

b) Low-Voltage Circuit — A circuit involving a potential of not more than 30 V alternating current
(AC) rms, 42.4 V direct current (DC) or peak.

c) Power-Limited Circuit — A circuit wherein the power is limited as specified in Table 43.1 and

Table

43.2.

3.13 COMBINATION SYSTEM - A two-way emergency communication system whose components
might be used, in whole or in part, in common with non-emergency or other emergency signaling systems.

3.14 COMMUNICATION (S) CIRCUIT — Communications circuit between master control units and
remote communications stations and networked master control units that carries voice, audio, data, and

other signals.

3.15 DISPLAY — The visual representation of output data or status information, other than printed copy.
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3.16 DISTINCTIVE SIGNALS - Signals obtained from different sounding appliances (such as bells,
horns, sirens, and buzzers) or from a single appliance (such as an electronic horn) where a continuous
signal is obtained under one condition and a pulsing signal under another.

3.17 EMERGENCY SIGNAL - A signal indicating an emergency condition requiring immediate action
such as a signal indicative of a need for rescue assistance.

3.18 END-OF-LINE DEVICE — A device installed at the end of a circuit for the purpose of monitoring the

circuit for fault conditions.

3.19

EVACUATION — The withdrawal of occupants from a building.

3.20 EXTEHR

3.21  FAULT

3.22 FIELD
devices, othe

3.23 FIXEL
electrically to

3.24 GAGE
respectively,

Gage. Referg
the indicated
sheet to a poi

3.25 GROU
of a wiring sy

3.26 GROU
condition.

3.27 GROU
equipment, re
earth ground

RNAL CIRCUITS — Circuits or wiring leaving the product.
— An open, ground, or short-circuit condition on any line extending from a‘produ

WIRING — Conductors to be installed by others to connect a product to source
- products, and loads.

EQUIPMENT - Any equipment product that is intended to be permanent
the wiring system.

S — Wherever they appear in this standard, the<abbreviations MSG, GSG, and
Manufacturers' Standard Gage for Steel Sheets; Galvanized Sheet Gage, and A
nce to sheet metal by gage number is intended only as auxiliary information. S
gage number may not be used if the forming processes have reduced the thig
ht below the specified minimum thickness.

NDED CONDUCTOR - A conductor employed to connect the intentionally gro
stemn to a grounding electrode;

ND FAULT — A circuit impedance to ground sufficient to result in the annunciatio
NDING CONDUCTOR — A conductor employed to connect non-current-carr]

ceways, and-enclosure to a grounding electrode at the service which is, in turn,
br to some ‘conducting body which serves in place of earth ground.

3.28 INST.

LLATION LOCATIONS: Dry — A location with a controlled ambient that is n

ct.

(s) of supply,

y connected

AWG mean,
merican Wire
heet metal of
kness of the

unded circuit

n of a trouble

ying parts of
connected to

pt subject to

dampness or

WEelness.

3.29 LIFE SAFETY NETWORK — A combination system that carries other signals in addition to fire alarm
or mass notification signals and is connected to a fire alarm or mass notification system.

3.30 MASTER CONTROL UNIT — The principal on-premise attended location where the status of the
two-way emergency communication system is displayed and from which the system can be manually

controlled.

3.31

product and is transmitted via a wired or wireless pathway from an origin to a destination.

MESSAGE (S) — Communicated data that contains specific information relating to the status of the

3.32 NON-VOLATILE MEMORY - A storage device not alterable by the interruption of the power to the
memory; for example, ROM, FLASH, PROM, EPROM, and EEPROM.
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3.33 NORMAL CONDITION - System, circuits, and components are operating as intended and no

abnormal condition exists.

3.34 OFF-SITE COMMUNICATIONS LINKS — Physical media or wireless methodology

for providing

two-way voice, audio, data, and other signals between a two-way emergency communication system
within a building and an off-site constantly attended monitoring location on contiguous or non-contiguous

property.
3.35 OPEN FAULT - A circuit impedance increase sufficient to prevent normal operation.

3.36 OPERATOR - Individ

ual
not have accg a

(s) responsible to access and operate the product and/or sys

3.37 OPE

3.38 PAT
information

(PATHWAY) — Any conductor, optic fiber, radio carrier, or other |means fo
Hetween two or more units and/or locations.

3.39 POWIER SUPPLY — A source of electrical operating power including the circuits ang
connecting it|to the dependent product/system components.

340 PO
providing op
connected tq
electrical op¢
equipment is

erating power and charging storage batteries:\The power supply is usually|
storage batteries, and the power supply-battery’ combination is intended to pro

operating in its intended manner.

3.41 PRIMARY BATTERY - Any battery which-by design or construction is not intended to |
3.42 RES(

request assis

UE ASSISTANCE - Building~occupants that need assistance during an en
tance by using a remote'communications station that signals a master control u

3.43 RESH|T — A control functionithat attempts to return a system or device to its normal cor

3.44 RISK DF ELECTRIE SHOCK — A risk of electric shock is determined to exist at any pa

a) Th
V ped

b potential‘between the part and earth ground or any other accessible part is m
k, and

tem, but does

JATOR INTERFACE - Providing controls for manually operating the produgct/system.

I transmitting

terminations

R SUPPLY-BATTERY CHARGER — A power<supply that serves the dual function of

permanently
vide all of the

rating power required by the equipment.to“which the combination is connected, when the

be recharged.

hergency can
hit.

dition state.
rt if:

ore than 42.4

ntial exceeds

b) The_centinuous current flow through a 1500 Q resistor connected across the pot

0.5 mA.

3.45 RISK OF FIRE — A risk of fire is considered to exist at any two points in a circuit where:

a) The open circuit voltage is more than 42.4 V peak and the energy available to the circuit under
any condition of load including short circuit, results in a current of 8 A or more after 1 min of

operation; or

b) A power of more than 15 W can be delivered into an external resistor connected
two points.

3.46

between the

SHORT-RANGE RADIO-FREQUENCY DEVICES - Any device that communicates with

control/receiving equipment by low-power radio signals in accordance with the Code of Federal

Regulations (CFR) 47.
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3.47 SOFTWARE - Programs, instructions, procedures, data, and the like that are executed by a central
processing unit of a product and which influences the functional performance of that product. For the
purpose of this standard, software is one of two types:

a) Executive Software — Control and supervisory program which manages the execution of all other
programs and directly or indirectly causes the required functions of the product to be performed.

b) Site-Specific Software — Program that is separate from, but controlled by, the executive software
which allows inputs, outputs, and system configuration to be selectively defined to meet the needs
of a specific installation.

3.48 STANDBY POWER SOURCE - Provides power when the primary power source fails.

3.49 STATIONARY EQUIPMENT — Any product that is intended to be fastened in place or located in a
dedicated space and is provided with a power-supply cord for connection to the supply-circuit.

3.50 STORAGE BATTERY — Any battery which, by design or construction, is infended to berecharged.

3.51 SUPERVISORY CIRCUIT — A circuit or path that monitors the status'of other system$ which must
be maintained to prevent affecting normal system operation.

3.52 SUPERVISORY CONDITION — An abnormal condition refated to the monitoring of other systems
and/or equipment.

3.53 SUPERVISORY SIGNAL — A signal indicating themeed of action in connection with the monitoring
of other systems or equipment.

3.54 SUPPLEMENTARY - Refers to equipment or'operations not required by this standard.

3.55 SUPPLEMENTARY DEVICE — A-device intended to be connected to a supplemgntary device
circuit.

3.56 SUPPILEMENTARY-DEVICE CIRCUIT — A circuit provided by a product for controllinga device, the
operation of which is supplementary to the primary functionality of the emergency communication system.

3.57 TRAINED SERVIEGE'PERSONNEL - service personnel that are trained and have knpwledge and
experience ofl the majntenance for the equipment being serviced or maintained.

3.58 TROUBLE\SIGNAL — A visual or audible signal indicating a fault condition of any natufe, such as a
circuit break or'ground or other trouble condition occurring in the device or wiring associated with a two-
way emergency communications system.

3.59 USER - An individual who operates or services the product.

3.60 WIRE-TO-WIRE FAULT — A wire-to-wire (short circuit) fault is determined to be a resistance of 0.1
Q or less across the circuit.

4 Information Required for Assessment

4.1 The following documentation may be required to determine compliance:
a) Schematic diagrams of all circuits.

b) Where the product uses software, evidence of software integrity as described in 38.3.1 — 38.3.4.
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c) Ma

rking to be applied to the product as required in Markings, Section 67.

d) Installation wiring diagram/instructions as required in Installation Wiring Diagram/Instructions,
Section 68.

e) Operating instructions as required in Operating Instructions, Section 69.

CONSTRUCTION

5 General

5.1

A product shall use materials that have been determined to comply with the requirements for the

particular us¢, as indicated by the performance requirements of this standard.

5.2 Metals
combination
or impair the

5.3 Where
result in a ris
conditions.

5.4 The red
involve a risk

5.5 Electrig
be installed i
Test for He

y
Handling Sp

5.6 Produd
Equipment —
Similar Elect

when required to meet the requirements of this standard, shall not be
as to cause galvanic action that will increase the risk of fire, electric-shock, inju
operation of a product associated with the safety of life and/or property protectio

breakage or deterioration of a part such as an enclosure, a frame, a guard, g
k of injury to persons, the part shall be constructed to meet.the demand or exp

uirement in 5.3 applies also to those positions of\a part adjacent to a moving pa
of injury to persons.

al equipment with nonmetallic enclosurestand other non-metallic discrete object
h air-handling spaces shall additionally‘comply with the requirements in the Sta
and Visible Smoke Release for Discrete Products and Their Accessories In
ces, UL 2043.

ts that currently meet all\the requirements of the Standard for Informatio
Safety — Part 1: GeneralLRequirements, UL 60950-1 or the Standard for Audi
onic Apparatus-Safety Requirements, UL 60065 or the Standard for Audio/Vide

ised in such
[y to persons,
n.

r the like can
ected loading

rt identified to

s, intended to
ndard for Fire
stalled in Air-

n Technology
p, Video, and
D, Information

and Commuhication Technology~Equipment — Safety Requirements — Part 1, UL 62368 heed only be
evaluated to|the following séctions with respect to the construction requirements: 6.1.1, 9.5 11.1.1, 11.2,
12.1-12.3,12.6, 14.4, 19,23.1, 25.3, and 27.

6 Enclosures

6.1 General

6.1.1 All electrical parts of a product shall be enclosed to provide protection of internal components and

prevent contact with uninsulated live parts.

6.2 Metallic material

6.2.1

An enclosure of metal shall have a minimum thickness as specified in Table 6.1, Table 6.2, or Table

6.3, or shall comply with the test requirements in Mechanical Strength Tests for Metal Enclosures and
Guards, Section 57.
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Table 6.1

Cast-metal electrical enclosures

Minimum thickness

Die-cast metal,

Cast metal other than die-

cast,

Use, or dimensions of area involved, in (mm) in (mm)
Area of 24 in? (155 cm?) or less and having no dimension 116 (1.6) 1/8 (3.2)
greater than 6 in (152 mm)
Area greater than 24 in? (155 cm?) or having any dimension 3/32 (2.4) 1/8 (3.2)
greater than 6 in (152 mm)
At a threaded conduit hole 1/4 (6.4) 1/4 (6.4)
At an unthreadgd conduit hole 1/8 (3.2) 1/8 (3.2)

@The area limitation for metal 1/16 in (1.6 mm) thick may be obtained by the provision of reinforcing ribs subdividing|a larger area.

Table 6.2

Minimum thickness of sheet metal for electrical enclosures of carbon or stainless steel

With supporting frame or equivalent
Without supporting frame? reinforcing? Minimum thickness
Uncoated, Metal coated,
Maximum width,” | Maximum length,® | Maximum width,® | Maximum.length, in (mm) ir (mm)
in (cm) in (cm) in (cm) in (cm) [MSG] [GSG]

4.0 (1012) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.0p3 (0.58)

4.75 (1241) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) [24] [24]

6.0 (1912) Not limited 9.5 (244N Not limited 0.026 (0.66) 0.0p9 (0.74)

7.0 (1718) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8) [22] [22]

8.0 (2013) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.0p4 (0.86)

9.0 (2249) 1.5 (29.2) 13.0 (33.0) 16.0 (40.6) [20] [20]

12.5 (3148) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)

14.0 (356) 18.0 (4577 21.0 (53.3) 25.0 (63.5) [18] [18]

18.0 (497) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.0p6 (1.42)

20.0 (508) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) [16] [16]

22.0 (5919) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)

25.0 (635) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) [15] [15]

25.0 (63 5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.0[70 (1.78)

29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) [14] [14]

33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)

38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6) [13] [13]

42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)

47.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) [12] [12]

52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)

60.0 (152.4) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) [11] [11]

63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)

73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) [10] [10]

Table 6.2 Continued on Next Page
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Table 6.2 Continued
With supporting frame or equivalent
Without supporting frame? reinforcing® Minimum thickness
Uncoated, Metal coated,
Maximum width,” | Maximum length,® | Maximum width,® | Maximum length, in (mm) in (mm)
in (cm) in (cm) in (cm) in (cm) [MSG] [GSG]

& A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal that is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and that has sufficient torsional rigidity to resist the bending
moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have equivalent
reinforcing may be accomplished by designs that will produce a structure that is as rigid as one built with a frame of angles or
channels. Construction considered to be without supporting frame includes:

1) Asingle
2) Asingle
3) An encl

® The width is t
enclosure may

°For panels wh

sheet with single formed flanges (formed edges),

sheet which is corrugated or ribbed, and

sure surface loosely attached to a frame, for example, with spring clips.

e smaller dimension of a rectangular sheet metal piece which is part of an enclosure f{Adjacent surfgces of an
have supports in common and be made of a single sheet.

ch are not supported along one side, for example, side panels of boxes, the lengthof the unsupportg¢d side shall be
limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 in (12.7 mm) wide.

Minimum thickness of sheet metal for electrical enclosures of aluminum, copper,

Table 6.3

or brass

With suppeorting frame or equivalent
Without supporting frame® reinforcing®
Maximum width,” Maximum length,® Maximum width,? Maximum length, Minimym thickness,
in (cm) in (cm) in (cm) in (cm) in (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited
35 (8.9) 4.0 (10.2) 85 (21.6) 9.5 (24.1) 0.023, (0.58)
4.0 (10.2) Not limited 10.0 (25.4) Not limited
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3) 0.029 (0.74)
6.0 (15.2) Nottimited 14.0 (35.6) Not limited
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) 0.036 (0.91)
8.0 (20.3) Not limited 19.0 (48.3) Not limited
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) 0.045 (1.14)
12.0 (30.5) Not limited 28.0 (71.1) Not limited
14.0 (85.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) 0.058, (1.47)
18.0 (45.7) Not limited 42.0 (106.7) Not limited
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) 0.075 (1.91)
25.0 (63.5) Not limited 60.0 (152.4) Not limited
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) 0.095 (2.41)
37.0 (94.0) Not limited 87.0 (221.0) Not limited
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) 0.122 (3.10)
52.0 (132.1) Not limited 123.0 (312.4) Not limited
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) 0.153 (3.89)

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist the bending

Table 6.3 Continued on Next Page
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Table 6.3 Continued

Without supporting frame?

With supporting frame or equivalent
reinforcing?

Maximum width,°

in (cm)

Maximum length,®

in (cm)

Maximum width,”

in (cm)

Maximum length,

in (cm)

Minimum thickness,

in (mm)

1) A single sheet with single formed flanges (formed edges),

2) A single sheet which is corrugated or ribbed, and

moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have equivalent
reinforcing may be accomplished by designs that will produce a structure which is as rigid as one built with a frame of angles or
channels. Construction considered to be without supporting frame includes:

3) An enclgsure surface loosely attached to a frame, for example, with spring clips.

® The width is tHe smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfdces of an
enclosure may have supports in common and be made of a single sheet.

¢ For panels whjch are not supported along one side, for example, side panels of boxes, the length of thé-unSupported side shall
be limited to thq dimensions specified unless the side in question is provided with a flange at least 1/2 in,(12.7 mm) yide.

6.2.2 Wherg threads for the connection of conduit are tapped all the way'through a hole in pn enclosure

wall, or wherg¢ a construction that is determined to be equivalent is usedithere shall not be legs than 3-1/2
nor more than 5 threads in the metal, and the construction shall be,such that a standard conduit bushing

can be attachied.

6.2.3 Wher¢ threads for the connection of conduit are tapped only part of the way through
enclosure wdll, there shall not be less than five full threads in the metal, and there shall &
rounded inlef| hole for the conductors which shall afford-protection to the conductors equi
provided by alstandard conduit bushing.

6.2.4 At any point where conduit or metal-clad cable is to be attached to the enclosure, she
be of such thickness or shall be so formed orreinforced that it will have stiffness at least equi
of an uncoated flat sheet of steel having.acminimum thickness of 0.032 in (0.81 mm).

6.3 Polymefric materials

6.3.1 Polymeric materials used as an enclosure shall comply with the applicable portion of

a hole in an
e a smooth,
alent to that

bt metal shall
valent to that

the Standard

for Polymeric| Materials — Use in Electrical Equipment Evaluations, UL 746C, and also with the additional

requirements|specifieddn.this standard.

6.3.2 Polynmeric material that is not used as an enclosure, but that is attached to or exy
outside of a greduct such as a viewing window, shall have flammability characteristics as sh

osed on the
own in Table

6.4.

Table 6.4
Flammability characteristics of polymeric material

Polymeric material area/dimensions Flammability rating

0.24 in® (4 cm®) maximum and 2.4 in (61 mm) maximum length | None

Greater than 0.24 in® (4 cm®) and less than 2 ft? (0.19 m?), 6 ft
(1.83 m) maximum length

HB, V-2, V-1, V-0, or 5V

Table 6.4 Continued on Next Page
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Table 6.4 Continued

Polymeric material area/dimensions

Flammability rating

Greater than 2 ft? (0.19 m?) and less than 10 ft? (0.93 m?), 6 ft
(1.83 m) maximum length

V-1, V-0, or 5V

Greater than 10 ft? (0.93 m?), or longer than 6 ft (1.83 m)

Maximum flame spread rating of 200 as specified in the
Standard for Test for Surface Burning Characteristics of
Building Materials, UL 723, or radiant panel as specified in the
Standard for Tests for Flammability of Plastic Materials for Parts

in Devices and Appliances, UL 94

6.3.3 Conductive coatings applied to nonmetallic surfaces such as the inside surface of an enclosure,

shall comply|with the appropriate requirements in the Standard for Polymeric Materials — Us
Equipment Bvaluations, UL 746C, unless flaking or peeling of the coating cannot result.in th
spacings or the bridging of live parts.

6.3.4 A polymeric enclosure intended for connection to a rigid metallic conduit-system sha
the requirempnts for polymeric enclosure rigid metallic conduit connections in'the Standard f
for Electrical [Equipment, Non-Environmental Considerations, UL 50.

6.3.5 The ¢ontinuity of a conduit system shall be provided by metal-to-metal contact and
polymeric terial and shall comply with the requirements for)polymeric enclosure bqg
Standard for [Enclosures for Electrical Equipment, Non-Environmental Considerations, UL 50

6.4 Cover
6.4.1 Anern

or any other
or resetting,

closure cover shall be hinged, sliding,-pivoted or similarly attached to provide aqg
over current-protective device, the intended protective functioning of which req
br when it is necessary to open the cover in connection with the normal operatior

Exception: In lieu of providing a hinged,\sliding, or pivoted cover, supervision of the enclo

e in Electrical
b reduction of

| comply with
br Enclosures

not rely on a
nding in the

cess to fuses
uires renewal
of the unit.

Sure cover by

means of a tamper feature is suitable When its operation results in either a trouble or emefgency signal.

This applies pnly when the coverprovides access to overcurrent devices such as fuses or ci
or other indidators that are notused on a continuing basis.

6.4.2 Normal operation_teferenced in 6.4.1 is determined to be operation of a switch for
silencing an jaudible signal or operation of any other component of a unit which requires s

connection with its intended performance.

6.4.3 Ahin

rcuit breakers

testing or for
uch action in

jed)cover is not required when the only fuse(s) enclosed is intended to provide

protection to

portions of internal circuits used on a separate printed-wiring board or circuit subassembly, to prevent
circuit damage resulting from a fault. The use of such a fuse(s) is suitable when the following (or other
wording that has been determined to be equivalent) is indicated as a marking on the outside of the cover:

"Circuit Fuse(s) Inside — Disconnect Power Prior To Servicing."

6.4.4 Glass covering an observation opening shall be tempered and secured in place so that it cannot be

displaced and shall provide mechanical protection for the enclosed parts. The thickness of
shall not be less than that indicated in Table 6.5.

a glass cover
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Table 6.5
Thickness of glass covers

Maximum size of opening
Length or width, Area, Minimum thickness,

in (mm) in? (cm?) in (mm)

4 (102) 16 (103) 1/16 (1.6)

12 (305) 144 (929) 1/8 (8.2)

over 12 (over 305) over 144 (over 929) see note a

#1/8in (3.2 mm) or more, depending upon the size, shape, and mounting of the glass panel. I
6.4.5 A glaps panel for an opening having an area of more than 144 in? (929 cm?),"af having any
dimension greater than 12 in (305 mm), shall be supported by a continuous groove notlesd than 3/16 in

(4.8 mm) degp along all four edges of the panel, or other means that have been-determi

equivalent ar

6.4.6 A ftrar
introduce ari
subjected ung

6.5 Battery

6.5.1 A con
occupied by {
air for disper
incorporated

6.5.2 The i
detrimental a

6.6 Enclosiire openings — general

6.6.1 Anen
of the wall sh
hollow space

Exception: Pr

angement.

sparent material other than glass used for the cover of an\observation open
5k of fire, distort, nor become less transparent at the temperature to which it is in
er either normal or abnormal service conditions. See 6,3.2.

compartments

partment for vented storage batteries shall,have a total volume at least twics
he batteries. Ventilating openings shall beprovided and so located as to permit
sion of gas while the battery is being charged at the highest rate permitted b
n the control unit.

nterior of a storage battery compartment shall be protected so that it will bg
Ction by the electrolyte.

Closure intended fof recessed mounting and whose front panel is to be flush wit
all have no_openings that vent into concealed spaces of a building structure,
5 in the wall,.when the product is mounted as intended.

pducts.supplied solely from power-limited sources and controlling only power-lini

ned to be an
ing shall not

tended to be

e the volume
circulation of
y the means

resistant to

h the surface

such as into

hited loads.

6.6.2 The requirement in 6.6.1 does not apply to an opening for a mounting screw or nail or for a
manufacturing operation (such as paint drainage) when:

a) An opening for non-mounting purposes does not have a dimension greater than 17/64 in (6.75

mm) o

r an area greater than 0.055 ft? (35.5 mm?); and

b) An opening for mounting does not have a dimension greater than 0.75 in (19.05 mm) or an area
greater than 0.7 in? (430 mm?) and there are no more holes than are needed to mount the product.

6.6.3 Acoustical openings for both the speaker and microphone shall be vandal-resistant by not
providing direct access to any sound producing element, for example, a cone or diaphragm, by a rigid rod

0.8 mm (0.03

in) in diameter.
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6.7 Enclosure top openings

6.7.1 An opening directly over an uninsulated live part involving a risk of fire, electric shock, or electrical-
energy/high-current levels, shall not exceed 0.20 in (5.0 mm) in any dimension unless the configuration is
such that a vertically falling object cannot fall into the unit and contact an uninsulated live part. See Figure
6.1 for examples of top-cover designs complying with the intent of the requirement.

Figure 6.1

Cross-sections of top-cover designs

7 Yl

SLANTED OPENINGS

B [
L

ECS00 VERTICAL OPENINGS

6.8 Enclosure side openings

6.8.1 An opening:in the side of the enclosure shall:

a) NokLexteed 0 19in (4 8 mm) in any dimension;

b) Be provided with louvers shaped to deflect an external falling object outward (see Figure 6.2 for
examples of louver designs complying with the requirement); or

c) Be located and sized so that objects which are present cannot drop into the unit and fall (with no
horizontal velocity) onto uninsulated live parts involving a risk of fire, electric shock, or electrical-
energy/high-current levels, or parts involving injury to persons (see Figure 6.3).

6.8.2 When a portion of a side panel falls within the area traced out by the 5° angle in Figure 6.4, that
portion of the side panel shall be investigated as a bottom enclosure in accordance with 6.9.1 — 6.9.3.
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Figure 6.2

Louvers

INSIDE OUTSIDE

EC510

|
OUTWARD PROJECTION

INSIDE OUTSIDE

INWARD, PROJECTION
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Figure 6.3

Example of enclosure side opening

S3162A

A — Englosure side opening.
B- VeIicaI projection of\ithe outer edges of the side opening.
C —Indined linegthat project at a 5° angle from the edges of the side opening to point located E distance fropm B.

D — Line whichis projected straight downward in the same plane as the enclosure side wall.

E — Projectiomoftheopenmyg{nottobegreatertharm -
L — Maximum dimension of the enclosure side opening.

V — Volume in which bare parts at uninsulated live parts are not located.
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Figure 6.4

Enclosure bottom

A — The entire d
material is to be
only for those of
noncombustible

B — Projection o
lowest point on th

C — Inclined line
requires a botton
and is oriented tq
enclosure or sidg

$2600

pomponent under which an enelosuire (flat or dished with or without a lip or other raised edge) of
provided. The sketch is of an enclosed component with ventilation openings showing that the enclg
enings through which flaming parts are to be emitted. When the component or assembly does 1
bnclosure, the area to beprotected is the entire area occupied by the component or assembly.

the outline of the @rea“of A that requires a bottom enclosure vertically downward onto the horizo
e outer edge D of the' enclosure.

that traces @Ut an area D on the horizontal plane of the enclosure. Moving around the perimeter o
enclosuréthis line projects at a 5° angle from the line extending vertically at every point around th
trace out'the largest area; except that the angle shall be less than 5° when the enclosure bottom cq
panel, or when the horizontal extension of the enclosure B to D exceeds 6 in (152 mm).

D — Minimum oufline.of the enclosure, except that the extension B to D is not required to exceed 6 in (152 mm), flat

noncombustible
sure is required
ot have its own

htal plane of the

the area B that
e perimeter of A
ntacts a vertical

pr dished with or

without a tip or other raised edge. The bottom shall either be flat or formed in any manner when every point of area D is at or below
the lowest point on the outer edge of the enclosure.
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6.9 Enclosure bottom openings

6.9.1 The bottom of an enclosure shall consist of a complete or partial bottom enclosure under a
component, groups of components, or assemblies, as shown in Figure 6.4, that complies with the
ventilation opening requirements in 6.9.2 and 6.9.3 unless a test demonstrates that the bottom enclosure
provided contains flames, glowing particles or similar burning debris when all combustible material in the
interior is ignited.

Exception: Openings without limitation on their size and number are permitted in areas that contain only
wires, cables, plugs, receptacles, and impedance- and thermally-protected motors.

6.9.2 Ventilation-openings—provided-in-the-bottom-of an-enclosure-undermaterials-that-are. not rated V-1
or less flammable meet the intent of the requirements when the openings are constructed §o that materials
do not fall directly from the interior of the unit. Other bottom-opening constructions that.comply with the
intent of the fequirements are those that incorporate a perforated metal plate as described in Table 6.6, or
a galvanized|or stainless-steel screen having a 14 by 14 mesh per 1 in (25.4 mm),Constructgd of wire with
a minimum diameter of 1/64 in (0.4 mm). Other constructions are to be used only ' when they comply with
the Ignition Test Through Bottom-Panel Openings, Section 53.

Table 6.6
Perforated metal plates
Minimum|thickness Maximum diameter of holes Minimum spacing of holes center-toicenter
in (mm) in (mm) in (mm)
0.026 (0.66) 0.045 (1.14) 0.67 (1J70)
[233 holes per in?] [36 holeg per cm?]
0.026 (0.66) 0.047 (1.19) 0.093 (2436)
0.032 (0.81) 0.075 (1.91) 0.125 (3/18)
[72 holes per in?] [11 holeg per cm?]
0.036 (0.91) 0.063 (1.60) 0.109 (virgs)
0.036 (0.91) 0.078 (1.98) 0.125 (3/18)

6.9.3 The bottom of thenenclosure under areas containing only materials rated V-1 or less flammable
shall have ogenings no‘larger than 1/16 in? (40 mm?).

7 Internal Materials

7.1 Polymeric materials used within an enclosure shall be evalualted in accordance with the Standard for
Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception: Unrated resistors, capacitors, semiconductors, integrated circuit packages, optical isolators,
and similar electrical components meet the intent of the requirement when they are mounted on a material
with a minimum flammability rating of V-1.

7.2 All combustible material used within an enclosure shall be V-2, HF-2, or better.

Exception No. 1: Motors, relays, capacitors, semiconductors, transformers, switches, insulating tubing or
tape, and other electrical elements are exempt from the above requirement when they comply with the
flame test applicable to the component. Meter faces and cases (when determined capable for mounting
live parts) and indicator lamps or jewels, or both, are exempt from flammability requirements. The
following requirements apply to parts that are isolated either by at least 0.5 in (12.5 mm) of air, or a solid
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barrier of V-1 or less-flammable material from uninsulated electrical parts that involve a risk from electrical
energy-high current levels:

a) Gears, cams, belts, bearings, strain-relief bushings applied over PVC-jacketed cords, and other
small parts that contribute negligible fuel to a fire is not required to be investigated.

b) Tubing for air or fluid systems, and plastics, shall not be more flammable than HB. Foamed
plastics classed HBF in accordance with the Standard for Tests for Flammability of Plastic
Materials for Parts in Devices and Appliances, UL 94, are determined as complying with this
requirement.

Exception No. 2: Combustible material used within an enclosure is not prohibited from being HB when the

8 Accessibjlity of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

8.1 To redue the risk of unintentional contact and electric shock from an unjnsulated livg part or film-
coated wire, pnd injury to persons from a moving part, an opening in an enclosure shall have a minor
dimension legs than 1 in (25.4 mm), and such a part or wire shall not be contacted by the probe illustrated

in Figure 8.1.
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Figure 8.1

Articulate probe with web stop
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8.2 The probe illustrated in Figure 8.1 shall be applied to any depth that the opening will permit. The
probe shall be rotated or angled before, during, and after insertion through the opening to any position that
is required in order to examine the enclosure. The probe illustrated in Figure 8.1 shall be applied in any
possible configuration and, when necessary, the configuration shall be changed after insertion through the
opening.

8.3 The probe illustrated in Figure 8.1 shall be used as a measuring instrument to evaluate the
accessibility provided by an opening, and not as an instrument to evaluate the strength of a material. It
shall be applied with the minimum force required to determine accessibility.

8.4 During the examination of a product to determine whether it complies with the requirement in 8.1, a

part of the enclosure that is to be opened or remaoved by the operator without using a tool

to attach an

accessory, to
9 Mechanig

9.1  All part

make an operating adjustment, or for other reasons) shall be opened or remove
al Assembly

5 of a product shall be mounted in position and prevented from-l6asening or

such motion may adversely affect the performance of the product, or may increase the risk o

shock, and/or

9.2 A switg
similar compg

Exception No
a) The
A togd
opera
b) The
c) The

d) The

injury to persons incident to the operation of the product.

h, fuseholder, lampholder, attachment-plug receptacle, motor-attachment p
nent shall be mounted securely and shall not turn.

1: When the turning of a switch is possible, all-feur of the following conditions s

switch shall be of a plunger, slide, or other type that does not tend to rotate wh
jle switch is determined to be subject-to forces that tend to turn the switch du
ion of the switch;

means for mounting the switch 'makes it unlikely that operation of the switch loo
spacings are not reduced below the minimum required values when the switch

intended operation ‘of the switch is by mechanical means rather than by dire

persofs.

Exception N
lampholder o
which the lam

D. 2: Whenrotation does not reduce spacings below the minimum requi
[ the typein which the lamp cannot be replaced, such as a neon pilot or ind
p is sealed in a nonremovable jewel, complies with the intent of the requirement

9.3 Friction

.

urning when
f fire, electric

ug, or other

hall be met:
en operated.
ring intended
sens it;
rotates; and

ct contact by

red value, a
cator light in

etiveen surfaces shall not be used for sect |ring the pncifinn of the pqrfe Qpnr\ifia

din9.2.

9.4 A rotating part that by loosening presents a risk of fire, electric shock, electrical-energy/high-current
levels, or injury to persons, shall be assembled so that the direction of rotation tends to tighten the means
that hold the rotating part in place.

Exception: A keyed part, a press fit, a part locked in place with a pin, or means that have been determined
to be equivalent, can be used to hold a rotating part in place.

9.5 All subassemblies, modules, and printed-wiring boards shall be held in their intended place in the
product by mechanical means.
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10 Protection Against Corrosion

10.1 Iron and steel parts shall be protected against corrosion by enameling, galvanizing, plating, or other
means that have been determined to be equivalent, when corrosion of unprotected parts results in a risk of
fire, electric shock, injury to persons, or impairment of operation of a product.

Exception No. 1: Surfaces of sheet-steel and cast-iron parts within an enclosure are not required to be
protected against corrosion when oxidation of the metal due to exposure to air and moisture is not likely to
weaken the parts to result in a condition of risk. The thickness of metal and temperature are also to be

evaluated.

Exception N
similar equip

11 Branch

11.1 Gener

11.1.1
connection tq

Exception: V|
for authorize

Circuit Connection

al

Prodlucts powered by the branch circuit supply shall be provided with a means f

the branch-circuit supply.

deo display terminals, other operator interface products installed within a limiteq
 personnel only that may be repositioned for notmal use or maintenance.

11.2 Permanently connected

11.2.1

11.21.1 A
for installing

Exception: A
installation ||
connection.

11.21.2 A
(60° C) have
qualifying ma
marked adja

Gengeral

product intended for permanent.connection to the branch-circuit supply shall h
he supply conductors in rigid metallic conduit.

screws, and

br permanent

access room

ave provision

n enclosure without provisions for connection to rigid metallic conduit is acceptable when the

nstructions specifically indicate which sections of the enclosure may be g

nockout Or-other supply-connection opening located where temperatures in ex

been (measured during the Component Temperature Test, Section 45, an
rking'as specified in 67.1.14, shall be sealed by welding or the equivalent or bg
centyto the opening with: "Do Not Use".

rilled for the

cess of 140°F
d not having
permanently

11.2.2 Field-wiring compartment

11.2.2.1

The location of a terminal box or compartment, in which branch-circuit connections to a

permanently-wired product are to be made, shall be such that the connections can be readily inspected
without disturbing the wiring or the product after the product has been installed as intended.

11.2.2.2 A terminal compartment intended for connection of a supply raceway shall be attached to the

product so th

at it does not turn.

11.2.2.3 The field-wiring compartment area of a product shall be of sufficient size for completing all wiring
connections as specified by the installation wiring diagram.
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11.2.2.4 Where damage to field-wiring insulation may be caused by internal components or sharp edges
in the wiring compartment, insulating or metal barriers having smooth, rounded edges shall be provided or
the following or equivalent wording marked in the wiring area: “CAUTION — When Making Installation,
Route Field Wiring Away From Sharp Projections, Corners, and Internal Components”.

11.2.2.5 The wiring terminals of a product intended for mounting in an outlet box shall be located or
protected so that, upon installation, the wiring in the outlet box is not forced against the terminals or other
sharp edges so as to damage the conductor insulation, and/or the terminals or stripped leads do not come

into contact with the walls of the outlet box.

11.2.3 Field-wiring terminals and leads

11.2.31 A
connection of
connected to

11.2.3.2 Th
provided with
rubber or the
mm) minimun

Exception: TH
results in a rig

11.2.3.3 A
friction betwd

permanently connected product shall be provided with wiring terminals or|
conductors having an ampacity not less than 125% of the current input of'the
A power-supply voltage in accordance with 30.1.1 — 30.1.6.

b free length of a lead inside a terminal box or compartment shalhbe 6 in (150 1

eads for the
roduct when

nm) or more,

strain relief, shall not be smaller than 18 AWG (0.82 mm?), afd the insulation, when of

‘moplastic, shall not be less than 0.030 in (0.76 mm) minimum average and 0
N at any point when the lead is intended for field connectionto an external circuit

e lead shall be less than 6 in (150 mm) long whenjkis evident that the use of
k of fire or electric shock.

ield-wiring terminal shall be kept from turning or shifting in position by mearj
en surfaces. This shall be accomplished\.by two screws or rivets, by square

mortises, by @ dowel pin, lug or offset, by a connecting strap or clip fitted into an adjacent par

other method

11234 A
(general appl

11.2.4 Iden

11.241 A
lampholder o

determined to be the equivalent.

field-wiring terminal shall comply with the requirements in 12.4 for field-wir
cation) except a wire-binding-screw shall not have a diameter smaller than No. 8

ified terminals and leads

permanentlyzconhected product rated 125 or 125/250 V (3-wire) or less,
[ the Edisontscrew-shell type, or a single-pole switch or overcurrent protective

than an auto
connection o
connected to
devices of th

atic control without a marked-off position, shall have one terminal or lead ide
the.grounded conductor of the supply circuit. This terminal or lead shall b

027 in (0.69

b longer lead

s other than
shoulders or
[, or by some

ng terminals
(4.2 mm).

and using a
device other
ntified for the
e electrically

screw shells of lampholders and shall not be connected to switches or overcurreg

nt protective

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

11.2.4.3 A lead intended for the connection of a grounded power-supply conductor shall be finished
white or gray color and shall be distinguishable from the other leads.

11.2.5 Strain relief

11.2.5.1 A means of strain relief shall be provided for the field supply leads of a product to prevent any
mechanical stress from being transmitted to terminals and internal connections. Inward movement of the
leads provided with a ring-type strain relief or means determined to be the equivalent shall not damage
internal connections or components, or result in a reduction of electrical spacings.
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11.2.5.2 Each lead used for field connections or an internal lead subjected to movement or handling
during installation and servicing shall be capable of withstanding for 1 min a pull of 10 Ibs (4.54 kg) without
any evidence of damage or of transmitting the stress to internal connections. The strain-relief means

provided sha

Il comply with the Strain-Relief Test, Section 62.

11.3 Cord-connected product

11.3.1

11.3.1.1

Cords and plugs

A product shall be provided with a length of 5 — 15 ft (1.5 — 4.5 m) flexible cord and a grounded

attachment plug when intended for connection to a line voltage branch-circuit supply. See Table 11.1 and

Table 11.2.

Exception Ng¢. 1: A length of flexible cord of Type S, or cord determined to be equivalent)not

ft (7.5 m).

Exception N
such as dedij

Exception N
has no acced

Exception N,
accessible d

Exception N
Insulation Sy

. 2: The length of the power-supply cord on an appliance intended’for a speci
Cated equipment intended to be mounted near a receptacle may be less.

. 3: A polarized attachment plug, rather than a grounded.attachment plug, whe
sible dead-metal parts likely to be energized.

b. 4: An attachment plug is not required to bé-polarized or grounded when
bad-metal parts likely to be energized and no single-pole devices in primary circ

D. 5: Double insulated equipment shall\not be grounded. Refer to the Standa
stems for Use in Electrical Equipment; UL 1097.

Table 11.1
Grounding, polarization,.and double insulation (DI) scheme requirements

exceeding 25

al installation,

n the product

there are no

its.

rd for Double

Product Attachment plug

Connected to f
Connected to i

Connected to |
no single-pole

ranch circuit with accessible dead metal Grounding or insulation scheme of DI

ranch circuit with no-accessible dead metal Grounding, polarization, or insulation scheme off

ranch circuif with no accessible dead metal and
Hevices in primary circuits

Non-grounding, grounding, polarization, or insul
of DI

DI

htion scheme

Ta_bln 14 2

T 175

Power supply cords

Type of appliance Type of cord
Table-model products (for use on a table, desk, and the like) SV, SP-2, SP-3
that are not frequently moved
Products that are intended for use on desks, counters, or tables SV, SP-2
and are moved frequently
Hand-held products TS?, SVP
Floor-mounted products SJ, S
Wall-mounted products SVe, SP-2¢, SP-3°, S, S

Table 11.2 Continued on Next Page
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Table 11.2 Continued

Type of appliance Type of cord

@ A tinsel cord shall be used when all of the following conditions are met:

1) The cord is no longer than 8 ft (2.4 m);

2) The cord is attached to the product directly or by means of a plug intended for that purpose;

3) The product rating is not higher than 50 W; and

4) The intended use of the appliance requires an extremely flexible cord.
® Type SV and similar cords shall be used when each conductor is made up of 36 AWG (0.01 mm?) strands.
° Type SV, SP-2, SP-3, and similar cords shall be used only when the cord is no longer than 5 ft (1.5 m).

11.3.1.2 Th
shall have an

11.3.1.3 Th

p flexible cord shall have a voltage rating not less than the rated voltage ofthe|product, and
ampacity that is not less than the current rating of the product.

b flexible cord on a cord-connected unit shall be as indicated in Table 11.2 or|(shall be of a

type at least as serviceable for the particular application. Table 11.3 specifies cord types detgrmined to be

equivalent to

those specified in Table 11.2.

Table 11.3
Equivalent cords

Basic cord type Equivalent types
TS TST
SP-2 SPE-2, SPT-2
SP-3 SPE-3, SPT-3
sV SVE, SVO, SVOO, SVT, SVTO, SVTPO
SJ SJE, SJO, SJOO, SJT, SJTO, SJTJO
S SE, SO, SO0, ST, STO, STOO

11.3.1.4 Th
rating.

11.3.1.5 Th
When a prod

e current rating of the attachment plug shall not be less than 125% of the product nameplate

b voltage rating of the attachment plug shall correspond to the rated voltage of the product.
ct is intended for use on two or more different values of voltage by field alteratipn of internal

connections, [the attachment plug provided with the product shall be rated for the voltage for which the

product is wired‘when shipped from the factory.

11.3.1.6 The flexible cord shall be attached permanently to the product and means shall be provided to
physically secure the attachment plug or plug-in transformer to the power receptacle so as to prevent
accidental removal.

Exception: For monitors and other operator interface products, a detachable power-supply cord without
physical securing means is suitable.

11.3.2 Strain relief

11.3.2.1 A power-supply cord shall be provided with strain-relief means to keep tension on the cord from
being transmitted to terminals, splices, or wiring within the product. The strain-relief means provided shall
comply with the Strain-Relief Test, Section 62.
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11.3.2.2 Means shall be provided so that the flexible cord cannot be pushed into the product through the
cord entry hole when such displacement results in damage to the cord or exposure of the cord to a
temperature higher than that for which the cord is rated or can reduce spacings, such as to a metal strain-
relief attachment, below the minimum required values.

11.3.2.3 A metal strain-relief clamp or band (without auxiliary protection) has been determined to be
suitable with Type SJ, S, SJT, ST or similar jacketed cords. A metal strain-relief clamp or band has been
determined to be suitable with Type SV, SP-2, SPT-2, or SVT cords only when nonconducting auxiliary
mechanical protection is provided over the cord.

11.3.2.4 A knot shall not be used to provide strain relief.

11.3.25 W
cord shall bg
evidence of 4

11.3.3 Bus

11.3.3.1 At
enclosure, th
have a smoq
cord is used

11332 W

nen tested in accordance with 62.1.1 — 62.1.3, the strain-relief means provided
capable of withstanding for one min, a pull of 35 Ibs (15.9 kg) applied to\the
tress on the interior connections.

hings

the point at which a supply cord passes through an opening.in a wall, barrier,
ere shall be a bushing or a determined equivalent that shall be secured in pla
th, well-rounded surface against which the cord tends{to bear. When other th
And the wall or barrier is of metal, an insulation bushing shall be provided.

hen the cord hole is in porcelain, phenolic*Cemposition, or another rated n

material, a sinooth, well-rounded surface is determined gquivalent to a bushing.

11.3.3.3 Ceéramic materials and some molded compositions are capable of being used

bushings.

11.3.34 VU

Icanized fiber is not prohibited:from being used when the bushing is not less th3

mm) thick and is formed and securedin place so that it will not be affected adversely by

ordinary moi

11.3.35 A
cord where

sture.

separate soft-rubber, neoprene, or polyvinyl chloride bushing shall only be use
ne cord enters the frame of a motor or the enclosure of a capacitor that is physi

to a motor when the bushing is:

a) No

b) Lo

less than 3/64 in (1.2 mm) thick, and

cated so that it will not be exposed to oil, grease, oil vapor, or other substance

bn the flexible
cord, with no

or the overall
ce, and shall
hn a jacketed

lonconducting

for insulating

n 3/64 in (1.2
conditions of

d on a supply
cally attached

s that tend to

have a deleterious effect on the compound used.

11.3.3.6 A bushing of any of the materials specified in 11.3.3.5 on a supply cord anywhere in a product is
acceptable when it is used in conjunction with a type of cord for which an insulating bushing is not
required. The edges of the hole in which such a bushing is used are required to be free from burrs, fins,
and other conditions that could damage the bushing.

11.3.3.7 At any point in a product, a bushing of the same material as, and molded integrally with, the
supply cord is capable of being used on a Type SP-2 or heavier cord, when the thinnest section is not less
than 1/16 in (1.6 mm) thick at the point where the cord passes through the enclosure.

11.3.3.8 An insulated metal grommet to be used in place of an insulating bushing meets the intent of the
requirement, when the insulating material used is not thinner than 1/32 in (0.8 mm) and completely fills the
space between the grommet and the metal in which the grommet is mounted.
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12 Other Field-Wiring Connections

121 General
12.1.1
least the size required by the National Electrical Code, ANSI/NFPA 70, corresponding to the
circuit.

A product shall be provided with wiring terminals or leads for the connection of conductors of at

rating of the

12.1.2 All field-wiring connections shall be contained in either an enclosed field wiring compartment

integral with the product or in a separate outlet box to which the product is to be mounted.

=

12.1.3 Duplicate—terrr sads,—or—an—e Tatt—be
products intepnded to be connected to non-addressa or attendant notificati
circuits of a two-way emergency communication system; one for each incoming and oné for e
wire. It is not prohibited that a common terminal be used in lieu of duplicate terminals when it
prevent the Ipoping of an unbroken wire around or under a terminal screw in a Mmanner tha
looped wire tp remain unbroken during installation, thereby precluding supenvision in the e

becomes dis
where separa
duplicate tern

around or ufder one terminal, the information in 68.11 shall be included in the insta

diagram/instri

12.2 Field-wiring compartment

12.2.1  Ther
standard con

12.2.2 The
sufficient size

12.2.3 Whe
sharp edges
be provided

"CAUTION —

Internal Components."

12.2.4 The
located or prg

odged from under the terminal. A notched clamping plate under a single seq
te conductors are intended to be inserted in each notch, is an.equivalent arrangs
hinals or leads are not used and there is no provision to-prevent looping an u

ictions.

e shall be adequate space within a terminal or wiring compartment to permit
juit bushing when a bushing is required-for installation.

or circuits of
on appliance
ach outgoing
s intended to
t permits the
ent the wire
uring screw,
ement. When
nbroken wire
lation wiring

the use of a

field-wiring compartment area of.a product to which connections are to be made is to be of

for completing all wiring connéctions as specified by the installation wiring diagr|

Fe it is possible for damage to field-wiring insulation to be caused by internal cg
n the wiring compartment, insulating or metal barriers having smooth, roundec
pr the following_(on wording determined to be the equivalent) marked in the
When Making \Installation, Route Field Wiring Away From Sharp Projections,

wiring-terminals of a product intended for mounting in an outlet or junction type
tected so that, upon installation:

Am.

mponents or

edges shall
wiring area:
Corners And

box shall be

a) The wiring in the outlet box is not forced against the product, product's terminals, or sharp edges
so as to damage the conductor insulation or product's unprotected components; and/or

b) A product with exposed wiring terminals shall be held in its intended mounting location inside the
box by mechanical means.

12.3 Power-limited circuits

12.31

When the design of the product is such that the product either requires or permits power-limited

circuit conductors to occupy the same enclosure as electric light, power, Class 1, or non-power-limited
signaling-circuit conductors, or medium-power network-powered broadband communications-circuit
conductors, both of the conditions in (a) and (b) shall be met:
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a) The enclosure shall provide one or more cable openings into the enclosure. When a single
opening is provided, a continuous and firmly fixed nonconductor, such as flexible tubing, shall be
provided. This is required so that the power-limited conductors are segregated from electric light,
power, Class 1 conductors, non-power-limited signaling conductors, and medium-power network-
powered broadband communications-circuit conductors. The installation document of the product
shall completely detail cable entry routing of all conductors into the product.

b) The product shall be constructed so that, with all field-installed wiring connected to the product,
either:

1) A minimum 1/4 in (6.4 mm) is provided between all power-limited conductors and all
electric light, power, Class 1 conductors, non-power-limited signaling conductors, or

Compliance
detailed in t
separation, b

12.4 Field-

12.41
requirements

PUH 4 l ol o alla <l + ' : . pu | 4
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2) For circuit conductors operating at 150 V or less to ground where the
conductors are installed using Types FPL, FPLR, FPLP, or equivalent cable
1/4 in (6.4 mm) separation is provided between these power-limited cabl
extending beyond the jacket and all electric light, power, Class¥1) conductors
limited signaling conductors, and medium-power network-powered
communications-circuit conductors.

with this requirement shall be achieved by specific wire routing configurat
ne installation document, or when a wire routing,'scheme will not maintain
arriers, or nonconductive sleeving shall be used.to provide separation

wiring terminals (general application)

n:

4.2 - 12.4.5;

b field-wiring requirements in the Standard for Electrical Quick-Connect Termina

e) Th
also

!

Standard for WiresConnectors, UL 486A-486B;

Lictors, UL 486E; or

S, or

power-limited
5, 2 minimum
e conductors
5, non-power-

broadband

ons that are
the required

A field-wiring terminal to which field-wiring connections are made shall conpply with the

s, UL 310;

e Standard, for) Equipment Wiring Terminals for Use with Aluminum amd/or Copper

plications and

e Standard for Terminal Blocks, UL 1059, rated for field-wiring (FW) Code 2 ap

uitable for the voltage, current, wire range, and wire type of the intended applicarion.

12.4.2 Nonferrous soldering lugs or solderless (pressure) wire connectors shall be used for 10 AWG (5.3
mm2) and larger wires. When the connectors or lugs are secured to a plate, the plate thickness shall not
be less than 0.050 in (1.3 mm) thick. Securing screws of plated steel have been determined to meet the
requirements.

12.4.3 A wire-binding screw used at a wiring terminal shall not be smaller than No. 8 (4.2 mm) diameter.
Plated screws are not prohibited.

Exception: A No. 6 (3.5 mm) diameter screw is appropriate for use for the connection of a 14 AWG (2.1
mm?) and a No. 4 (2.8 mm) diameter screw is appropriate for use for the connection of a 19 AWG (0.65
mm?) or smaller conductor.

12.4.4 Terminal plates tapped for wire-binding screws shall;
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a) Have not less than two full threads in the metal (the terminal plate metal may be extruded to
provide the two full threads) and shall have upturned lugs, clamps, or the equivalent, to hold the
wires in position. Other constructions may be used if they provide equivalent thread security of the
wire-binding screw.

b) Be of a nonferrous metal not less than 0.050 in (1.3 mm) thick when used with a No. 8 (4.2 mm)
diameter or larger screw, and not less than 0.030 in (0.76 mm) thick when used with a No. 6 (3.5

mm) d

iameter or smaller screw.

12.4.5 When two or more conductors are intended to be connected by wrapping under the same screw,
a nonferrous intervening metal washer shall be used for each additional conductor. A separator washer is
not required when two conductors are separated and intended to be secured under a common clamping

plate. When
such as uptur

12.5 Field-wiring terminals (qualified application)

12.5.1 Any
the conditions

a) Tel
securi

b) So
specig

c) Qui
posts

conne
shall b

d) Pu
switch
The le
Push-
termin

he wires protrude above terminal barriers, the nonferrous separator shall ind
hed tabs or sides, to retain the wire.

pf the following terminal configurations are suitable for connection/of field wirin
in 12.5.2 are met:

lude means,

g when all of

ephone-Type Terminals — Nonferrous terminal plates using a narrow, V-shaped slot for

ng of a conductor in a special post design (requires arspecial tool for wire conne

derless Wrapped Terminals — Solderless, wrapped, nonferrous terminals wh
| tool and terminal post design;

ck-Connect Terminals — Nonferrous, quick:connect (push-type) terminals consi
permanently secured to the device aihd provided with compatible, female cq
ction to field wiring. These require_a\special tool for crimping of field wires. Mat
e shipped with the control unit with instructions for their installation;

5h-In Terminals — NonferrgUs (screwless), push-in terminals of the type us
es and receptacles. Solid conductors are pushed into slots containing spring-ty

ttion);
ch require a
sting of male

nnectors for
ing terminals

ed on some
pe contacts.

ads are removable by means of a tool inserted to relieve the spring tension on the conductor.

n terminals are not-io be used with aluminum conductors. The marking ad
al shall indicate-that copper conductors only are to be used; and

e) Ot

equivalent to (a)< (d) and are limited to the same restrictions.

12.5.2 Any [of the terminal configurations listed in 12.5.1 are appropriate for connection (¢
provided all ok-the fnlln\n/ing indicated conditions are met

er Terminals:'— Other terminal connections are not prohibited when deter|

acent to the

mined to be

f field wiring

a) When a special tool is required for connection, it shall be provided and its use indicated on the
installation wiring diagram by name of the manufacturer and the model number or equivalent.

b) The range of wire sizes shall be indicated on the installation wiring diagram. The minimum
permissible wire size to be used shall not be less than 26 AWG (0.13 mm?).

¢) The wire size to be used shall be rated for the current-carrying capacity of the circuit application.

d) Removal of a lead for testing or routine servicing, including detection, location, and correction of
installation wiring faults, is prohibited.

e) A means for testing for an open and a ground fault on the circuit(s) to which the wiring is
connected shall be incorporated into the control unit or indicated on the installation wiring diagram.
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f) The terminal assembly shall comply with the Tests on Special Terminal Assemblies, Section 56.

12.6 Field-wiring leads

12.6.1

12.6.1.1

General

Leads provided for splice connections shall be minimum 6 in (153 mm) long.

Exception: The free-lead length is not prohibited from being less than 6 in long when it is evident that the
use of a longer lead results in damage to the lead insulation or product, or in a risk of fire, electric shock, or
injury to persons.

126.1.2 A
wires which
product to p

means of strain relief shall be provided for the field wiring leads, and all interng
are subject to movement in conjunction with the installation, operatiot,)or §
event any mechanical stress from being transmitted to terminals and. internal

Inward movement of the leads provided with a ring-type strain relief or meahs, determin

equivalent s
spacings.

12.6.1.3 Each lead used for field connections or an internal lead subjected to movemer

during install
any evidenc
provided sha

btion and servicing shall be capable of withstanding ferd min a pull of 10 Ibs (4.
b of damage or of transmitting the stress to intefnal’ connections. The strain
| comply with the Strain-Relief Test, Section 62.

12.6.2 High-voltage circuits

12.6.2.1 A
(0.82 mm?),
minimum ave

12.6.3 Pow

126.3.1 A
than 22 AWQ

Exception: C

a) Th
ft (3.0

ead provided for field connection to @;high-voltage circuit shall not be smaller
and the insulation, when of rubber or thermoplastic, shall be minimum 0.30
rage and 0.027 in (0.69 mm) minimum at any point.

er-limited circuits

lead provided for field connection to a low-voltage, power-limited circuit shall
(0.32 mm?) and thé insulation shall be a minimum of 1/64 in (0.4 mm) thick.

b current does not exceed 1 amp for lengths up to 2 ft (61 cm) or 0.4 amp for len
5 m);.

bpper leads as small as 26 AWG (0.13 mm?) are permitted to be used only when:

lly connected
ervicing of a
connections.
ed to be the

nall not damage internal connections or components, or result'in“a reduction of electrical

t or handling
b4 kg) without
-relief means

han 18 AWG
in (0.76 mm)

be no smaller

gths up to 10

b) There are two or more conductors and they are covered by a common jacket or the equivalent;

c) The assembled conductors comply with the strain-relief requirement specified in the Strain-
Relief Test, Section 62; and

d) The installation instructions indicate that the lead shall not be spliced to a conductor larger than
18 AWG (0.82 mm?).

12.7 Cords and plugs

12.7 1
or where the

desirability of the product being readily detachable has not been demonstrated.

12.7.2 Cords and cord connectors shall be rated for the current and voltage used.

Cords and cord connectors shall not be used for products not intended to be moved or relocated,
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13 Internal Wiring

13.1 General

13.1.1  The wiring and connections between parts of a product shall be protected or enclosed, or they

shall be in a cord or cable that has been evaluated and determined to be rated for the application.

13.1.2

subjected to stress or mechanical damage.

Internal wiring shall be routed and secured so that the wires and electrical connections are not

13.1.3 A hole in a wall within the overall enclosure of a product through which insulated wires pass, shall

be provided v

13.1.4 Inter
temperature,
service to wh

13.1.5 Whe
resulting from
exposure.

13.1.6  Vibr
servicing, sh3

13.1.7 Aleg
to permit the
be secured, @
leads betwee

13.1.8 Metd
well-rounded

a) Ung
than 1

b) On

13.1.9 Wire
fins), moving

ko o o laall l $lo alaal wf
nrra vuolii Iy Ul oliail 1iave oSITivuULll T, TUUTIUTU oUTTAadlTo.

hal wiring shall be evaluated and determined to be rated for the application, w
voltage, ampacity, and exposure to oil, grease, solvents, acids, and other
ch the wiring is subjected.

h it is possible that internal wiring is to be exposed to moistufe,/including any
operation of the product, the wiring shall be evaluated and determined to be r;

htion, impact, flexing, or other movement of wites” during intended use, in

Il not reduce the wire insulation or the wire terminhation integrity.

d or a cable assembly connected to a partmounted on a hinged cover shall be
ull opening of the cover without applying, stress to the lead or the connections. T
r equivalently arranged, to reduce thg;risks of abrasion of the insulation and ja
h parts of the enclosure.

| clamps and guides used for routing stationary internal wiring shall be provided
edges. Auxiliary nonconducting mechanical protection shall be provided:

er a clamp at which_pressure is exerted on a conductor having thermoplastic in
32 in (0.8 mm) thick'and no overall braid and

pny wire(s)that'is subject to motion.

5 shall\be’routed away from sharp edges (such as those found on screw thread
parts, and similar hazards, which tend to damage the wire insulation.

th respect to
conditions of

tondensation
ated for such

cluding user

long enough
he lead shall
mming of the

with smooth,

sulation less

s, burrs, and

13.1.10

Insulated wires bunched and passed through a single opening in a metal wall within the

enclosure of the product are not prohibited when the other requirements of this standard are met.

13.1.11

and is exposed during user servicing.

13.1.12

Supplementary insulation shall be applied to internal wiring that involves a risk of electric shock

Internal wiring of circuits that operate at different potentials shall be separated by barriers or

shall be segregated, unless the conductors of the circuits of lower voltage are provided with insulation for
the highest voltage.

13.1.13 Clamping, routing, or equivalent means that ensures permanent separation may accomplish
segregation of insulated conductors.
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13.2 Splices and connections

13.2.1  All splices and connections shall be mechanically secure and shall be investigated and
determined to provide intended electrical continuity. A soldered connection shall be made mechanically
secure before being soldered. Consideration shall be given to vibration when investigating electrical
connections. Pressure-wire connectors have been determined to comply with the requirements.

13.2.2 A splice shall be provided with insulation determined to be the equivalent to that of the wires
involved when permanence of spacing between the splice and other metal parts is incapable of being

maintained.

13.23 In

nfnrmlnlhg whether or not epllr\n msulation r\nhelehng of coated 'FQ'"\FI!‘, fhnrrnop|ast|C, or

another type
made of fac
characteristic
requirement.

13.24 Wh
strands of wi
use of presg
together, or ¢

13.3 Connegctors and receptacles

13.3.1 Are
which it is to

14 Protect
14.1
position), the

a marked off
circuit.

14.2 A fusd
be limited to

14.3 Fuseh

A fuseholder, overcurrent protective-device (other than an automatic control without

of tape or tubing complies with the aforementioned requirements, a compa
fors such as mechanical strength, dielectric properties, and heat- and~maois
s. Thermoplastic tape wrapped over sharp edges does not comply, with the

bn stranded internal wiring is connected to a wire-binding screw, there shall
re that contact other uninsulated live parts or dead-metal parts. This shall be acd
ure-terminal connectors, soldering lugs, crimped eyelets; soldering all strand
ther means that have been determined to be equivalent:

iceptacle or connector of the multiple-pin type shall be suitable for the current 3
be subjected.

ve Devices

center contact of a screwshell-base lampholder, an interlock, and a manual on-
position shall be connected to the ungrounded side of the line when used in §

holder shall be-of either the cartridge-enclosed or plug-fuse type. The use of p
bquipment-fated at not more than 125 or 125/250 V.

olders;fuses, and circuit breakers shall be rated for the application.

[ison is to be
ture-resistant
intent of this

not be loose
omplished by
s of the wire

nd voltage to

a marked off
pff switch with
high-voltage

ug fuses is to

14.4 All ex

[P H P dad ta-hb ol t Laitadl H ball tat
Tl UITUUTLO TTTIICTTUCTU U VT CUTITTITUITU U IIUII'JUVVUI mrmmeUu winrc orian vuriairt

ither current-

limiting or overcurrent protection to prevent fault currents in excess of the current rating for the gauge wire
size permitted by the National Electrical Code, ANSI/NFPA 70, or as specified in the installation wiring
diagram/instructions. The overcurrent protection provided shall be as specified in Article 240 in
ANSI/NFPA 70. See 41.3.3.

15 Current-Carrying Parts

15.1 Except as noted in 15.2, current-carrying parts shall be of silver, copper, a copper alloy, stainless
steel, aluminum, or other nonferrous material intended for the application.

15.2 Plated steel meets the intent for some secondary-circuit or primary-circuit parts (such as capacitor
terminals) when a glass-to-metal seat is necessary and for leads or threaded studs of semiconductor
devices. Blued steel or steel with an equivalent corrosion resistance meets the intent for the current-
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carrying arms of mechanically or magnetically-operated leaf switches, and within a motor and motor
governor including the motor terminals, or when the temperature is in excess of 100°C (212°F) during the

intended operation.

15.3 Bearings, hinges, and the like shall not be used as current-carrying parts.

16 Spacings

16.1

A product shall provide maintained spacings between uninsulated live parts and the enclosure or

dead-metal parts, and between uninsulated live parts of opposite polarity. The spacings shall not be less
than those indicated in Table 16.1.

Exception: O
Standard for
spacings (oth
wiring termin
when:

n printed-wiring boards having a flammability classification of V-0 in accerda
Tests for Flammability of Plastic Materials for Parts in Devices and Appliaf
er than spacings to dead metal traces, between primary and secondary eircuits
hls) are not specified between traces of different potential connecCted in the

nce with the
ices, UL 94,
, and at field
same circuit

a) The¢ spacings are adequate to comply with the requirements.in55.8, Evaluatioh of reduced
spacings on printed-wiring boards; or
b) An|analysis of the circuit indicates that no more than 125 mA of current is availgble between
short-gircuited traces having reduced spacings.
Table 161
Minimum spacings
Minimum spacings
Voltage range, Through air, Over surface,
Point of application \' in (mm) in (mm)
To walls of enclpsure:
Cast metal gnclosures 0-300 1/4 (6.4) 1/4 (6.4)
Sheet metallenclosures Power or non-power limited 0 — 50 1/4 (6.4) 1/4 (6.4)
Power limited 51 — 300 1/4 (6.4) 1/4 (6.4)
Non-power limited 51-150 1/2 (12.7) 1/2 (12.7)
Non-power limited 300 — 600 112 (12.7) 12 (12.7)
Installation wiripg terminals:
With barrier. 0-30 1/8 (3.2) 3/16 (4.8)
31-150 178 (3.2) 1/4 (6.4)
151 -300 1/4 (6.4) 3/8 (9.5)
Without barriers 0-30 3/16 (4.8) 3/16 (4.8)
31-150 1/4 (6.4) 1/4 (6.4)
151 — 300 1/4 (6.4) 3/8 (9.5)
Rigidly clamped assemblies:?
Class 2, Power Limited 0-30 - - - -
Non Class 2, Power Limited 0-30 3/64 (1.2) 3/64 (1.2)
31-150 1/16 (1.6) 1/16 (1.6)

Table 16.1 Continued on Next Page
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Table 16.1 Continued
Minimum spacings

Voltage range, Through air, Over surface,
Point of application \' in (mm) in (mm)
151 -300 3/32 (2.4) 3/32 (2.4)
300 - 600 3/8 (9.5) 1/2 (12.7)

Other parts

0-30 1/16 (1.6) 1/8 (3.2)
31-150 1/8 (3.2) 1/4 (6.4)
151 -300 1/4 (6.4) 38 (9.5)
300 - 600 3/8 (9.5) 1/2 (12.7)

@ Measurements are to be made with solid wire of adequate ampacity for the applied load connected to each,termirfal. In no case

shall the wire He smaller than 18 AWG (0.82 mm?).

b Rigidly clamped assemblies include such parts as contact springs on relays or cam switches, printed<wiring boards, and the like.
16.2 The tHrough-air and over-surface spacings at an individual component part are to be determined on
the basis of [the volt-amperes used and controlled by the individual component. The spaging from one
component tp another, however, and from any component to the érclosure or to other uninsulated dead
metal parts, ghall be determined on the basis of the maximum voltage and total volt-ampere rating of all

components|in the enclosure.
16.3 Thes
at wiring termpinals, or to the inherent spacings of a component which is provided as part of th
Such spacings are determined on the basis of;the requirements for the component. ]
clearance repulting from the assembly of a component into the complete device, including
dead metal ar enclosures, shall be as specifiedyin Table 16.1.

16.4 The “Jo-walls-of-enclosure” spacings indicated in Table 16.1 are not to be applied tg
enclosure of @ component part within‘an outer enclosure.

16.5 An ingulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic cg
similar matefial used wherée_spacings would otherwise be insufficient, shall be minimum (
mm) thick; ekcept that adliner or barrier that is minimum 0.013 in (0.33 mm) thick meets th
used in conjpnction with-a minimum of one-half of the through-air spacing required. The
located so thpt it will.net be affected adversely by arcing.

16.6 Insul

ing’material having a thickness less than that specified in 16.5 meets the inte

bacing requirements in Table 16.1 do not apply to the inherent spacings inside motors, except

e control unit.
I'he electrical
clearances to

an individual

mposition, or
.028 in (0.71
b intent when
liner shall be

t when it has

been determined to have equivalent mechanical and electrical properties.

16.7 Film-coated wire is identified as a bare current-carrying part in determining compliance of a device

with the spacing requirements, but the coating is suitable as turn-to-turn insulation in coils.

16.8 The spacings within snap switches, lampholders, and similar wiring devices supplied as part of a
unit are determined under other requirements for such devices and is not required to comply with the

requirements of Table 16.1. See General, Section 2.
17 Insulating Material

171

Uninsulated live parts involving risk of fire, electric shock, or electrical-energy/high-current levels

shall be mounted on porcelain, phenolic composition, or other material that has been determined

acceptable for the application.
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17.2 Vulcanized fiber is not prohibited from being used for insulating bushings, washers, separators, and
barriers, but not as the sole support for uninsulated live parts when shrinkage, current leakage, or warpage
introduces a risk of fire, electric shock, or injury to persons. Thermoplastic materials used for the direct or
indirect support of uninsulated live parts involving a risk of fire, electric shock, or electrical-energy/high-
current shall comply with the requirements in the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C.

17.3 Molded parts shall have the mechanical strength and rigidity to withstand the stresses of actual
service.

17.4 An insulating liner shall be investigated and determined to be rated for the purpose. Barriers shall

be held in pl

ce by a means more secure than friction between surfaces. The elasticity of tu

ing shall not

be depended
requirement \

upon to hold the tubing in place. Heat-shrink tubing has been determined
vhere a sharp edge or point is not involved.

to meet this

18 Printed-Wiring Boards
18.1 Printed-wiring boards shall be suitable for the application. The securing of componentg to the board
shall be magle in the intended manner and the spacings between “circuits shall comply with the
requirements|for Spacings, 16. The board shall be reliably mounted so-that deflection of the |board during
installation of servicing shall not result in damage to the board or<n developing a risk of fire or electric
shock.
18.2 All printed-wiring boards shall have a minimum flammability rating of V-2, rated for dirgct support of
current-carryipg parts, and be suitable for the soldering process used.
19 End-of-line Devices
19.1 An end-of-line device shall be constructed as follows:
a) Where the circuit in which thesend-of-line device is to be connected is intended for gonnection by
condujt or metal-clad cable, the’ device shall be arranged for mounting inside of a metal box to
which|such connection can be made. Mounting on an outlet box cover with termilals or leads
provided for field conngction, or an equivalent arrangement, has been determined as complying
with tHe intent of this requirement.
b) WHhere the end-of-line device is intended to be installed inside a back box, splice leads, or
termin@als suitable for making field connections, shall be provided. Splice leads ghall have a

diame
the co

ter of<not less than 18 AWG (0.82 mm?). The exposed live parts of the assemb
hnection portion of the terminal, shall be covered with insulating tubing or the eq

ly, except for
Livalent.

c) Where the end-of-line device is intended to be installed inside a product, such as a master
control unit, or remote communications station:

1) Splice leads or terminals suitable for making field connections shall be provided. Splice
leads shall have a diameter not less than 18 AWG. The exposed live parts of the assembly,
except for the connection portion of the terminal, shall be covered with insulating tubing or

the equivalent; or

2) It shall be provided with terminations compatible with the product's provisions for field
wiring connections. When installed per the manufacturer's installation instructions, it shall

be securely fastened with no means to open circuit, short to an adjacent cir

cuit node, or

cause a risk of electric shock. To avoid damage to the body of the end-of-line device during

installation, the device shall be either supplied pre-formed or forming instruct
included in the installation instructions.

ions shall be
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20 Voltage-Dropping Resistors

20.1 A carbon composition resistor shall not be used as a line voltage-dropping resistor in the high-
voltage supply circuit of a product.

21 Coil Windings

21.1 Relays, transformers, and similar devices used in high-voltage circuits shall be evaluated and rated
for the intended purpose, or comply with the applicable requirements for the component (see Annex A).

21.2 The insulation of coil windings of relays, transformers, and similar components, shall be such as to
resist the abgot pt;un of moisture:

21.3 Film-goated wire is not required to have an additional treatment to prevent moisture abisorption.
22 Compohents
22.1 Switches

2211 A switch provided as part of a product shall have a currentand-voltage rating not legs than that of
the circuit which it controls when the device is operated under any.condition of intended servite.

22.2 Lampholders and lamps

22.2.1 Lampholders and lamps shall be rated for theCircuit in which they are employed when the product
is operated under any condition of intended service.

22.2.2 Except for circuits operating at 30 V, reot-mean-square (rms), 42.4 V direct current (DC) or 42.4 V
peak, or less|, a lampholder shall be installed 'so that uninsulated live parts other than a screW shell will not
be exposed to contact by persons remaoving or replacing lamps.

22.2.3 Thelcolor coding of lamps_or equivalent indicators employed as part of a product shall not be the
sole means qf identifying the function of the indicator.

Exception: Lepmps and indicators used by service personnel for diagnostic purposes, provided that they
are identifiea in the product's installation instructions/manual.

22.3 Oper1ting mechanisms

22.3.1 Operating parts, such as light-duty relays and similar devices, shall be protected against fouling
by dust or by other material that may adversely affect their intended operation, by individual protection or
dust-tight cabinets. A relay employing contacts having a wiping action does not require any special
protection against fouling by dust.

22.3.2 The assembly of an operating mechanism included as a part of a control unit or accessory shall
be such that it will not be adversely affected by any condition of intended operation.

22.3.3 Moving parts shall have sufficient play at bearing surfaces to prevent binding.

22.3.4 Provision shall be made to prevent adjusting screws and similar adjustable parts from loosening
under the conditions of actual use.

22.3.5 Manually-operated parts shall withstand the stresses to which they will be subjected in operation.
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22.3.6 An electromechanical device shall be constructed to provide reliable and positive electrical and
mechanical performance under all conditions of intended operation.

22.4 Across-the-line components

22.4.1 Components such as capacitors and EMI filters, connected across the high-voltage supply circuit
of a product, shall be rated for the purpose or comply with the applicable requirements for the component.
See Annex A.

22.4.2 A component is considered to be across the high-voltage supply circuit when, in a shorted
condition, a current of more than 1 amp passes through it when the product is in any condition where the

individual co

can be limited

'\pr\nnnfe have reached ultimate npnrgﬁhg +nmpnrnh wres—he-current-throl |gh th

to 1 amp or less by a fixed impedance or a protective device rated 1 amp or.Jes

component

B.

22.4.3 A capacitor is also considered to be across-the-line when it is used under either of [the following
conditions:
a) For high-voltage supply-line bypass in equipment provided with ‘a terminal of connection
intended to be grounded or
b) Forlantenna blocking or high-voltage supply-line bypass in‘equipment provided withl one or more
external antenna terminals that may be grounded.

23 Ground

23.1
dead metal p

Exception: M

a) Adl
of the
they a

b) Iso
wiring

¢) Pan
from t

ng for Products Containing High-Voltage Circuits

A product which involves high-voltage circuits shall have provision for the grounding 9

rts that might become energized from.gircuits involving a risk of electric shock.

ptal parts as described in (a) — (d):

pesive-attached metal-foil markings, screws, handles, etc., which are located o
enclosure and isolated from electrical components or wiring by grounded metal
re not liable to become energized.

ated metal parts)\stich as small assembly screws, efc., which are positively se
and uninsulated-live parts.

els and.coVvers that do not enclose uninsulated live parts when wiring is positivg
e parnel-er cover so that it is not liable to become energized.

d) Papels)and covers which are insulated from electrical components and wiring by
barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar material that is a

minim

232

f all exposed

h the outside
parts so that

barated from

bly separated

an insulating

um of 0.8 mm (1/32 in) thick.

On fixed equipment, the provision of a knockout or other opening in a metal enclosure for the

connection of metal-clad cable, conduit, metal raceway, or the like is permitted as a means for grounding.

23.3 When a product is provided with means for separate connection to more than one power supply,
each such connection shall be provided with a means for grounding.

23.4 All dead-metal parts that are accessible during intended use or user servicing, and that are capable
of becoming energized from circuits involving a risk of electric shock, shall be connected together and to
the grounding means.

Exception: Metal parts as described in the Exception to 23.1.
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23.5 All bonding to ground connections shall be by a positive means, such as by clamping, riveting,
brazing, welding, or by being a bolted or screwed connection. The bonding connection shall penetrate
nonconductive coatings such as paint. Bonding around a resilient mount shall not rely on the clamping
action of rubber or similar material.

23.6 A bolted or screwed connection that incorporates a star washer or serrations under the screw head
for penetrating nonconductive coatings is identified as complying with 23.5 .

23.7 Where the bonding means depends upon screw threads, the use of two or more screws or two full
threads of a single screw engaging metal is in compliance with 23.5.

23.8 A fiel \nliring terminal intended enlnl\]/ for connection of an nqllipmnnf grnllnding conductor shall be

capable of securing a conductor of the size specified in Table 23.1.

Table 23.1
Bonding wire conductor size
Size of bonding conductor?
Copper wire; Alumingm wire,
Rating of overcurrent device, amp AWG (mm?) AWG (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)
100 8 (8.4) 6 (13.3)
200 6 (13.3) 4 (21.2)
@ Or equivalen{ cross-sectional area.

23.9 The size of a copper or alumirnium conductor used to bond an electrical enclosure shal| be based on
the rating of {he branch-circuit@overcurrent device by which the equipment will be protected. Tjhe size of the
conductor shiall be in accordance with Table 23.1.

23.10 Splices shall.netbe used in wire conductors used for bonding.

23.11 A wite-binding screw or a pressure wire connector intended for the connect|on of gn equipment-
grounding cond 3 3 ] s slich by being
marked "G," "GR," "GND," "Ground " "Groundlng," or the like, or with the Symbol 5019 graphic from IEC
Publication 60417-1 shown in Figure 23.1, or by a marking on the wiring diagram provided on the product.
The wire-binding screw or pressure wire connector shall be located so that it is not able to be removed
during intended servicing of the product. When used alone, the Symbol 5019 graphic from IEC Publication
60417-1 shall be defined in the installation instructions provided with the equipment.
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23.12 The
conductor sh
identified.

23.13 The
stripes. The ¢
screw, rivet, d
cord. Solder §
be connected

23.14 Whe
comply with t

23.15 Met3
requirement f
is used.

Exception: S
when the res
The resistand

!

Figure 23.1

International electrical symbol

surface of an insulated lead intended solely for the cgnnection of an equipme
all be green with or without one or more yellow_stripes, and no other lead

grounding conductor in a flexible cord shall:be green with or without one or
rounding conductor shall be secured to the frame or enclosure of the product b
r similar equipment that is not removable during intended servicing not involvin
hall not be used alone for securing;the grounding conductor. The grounding co
to the grounding terminal of an attachment plug.

a means for grounding is (provided on the product, even though it is not req
e requirements in 23.1 £ 23.13.

Ito-metal hinge-bearing members for doors or covers are considered
pr bonding the@qof or cover to ground, when a multiple bearing pin type (pian

jp-joint ‘or)similar, hinge-bearing members are not required to comply with this
stance between the two parts connected by the bonding element is not more t
e-shall be determined by a resistance-measuring instrument. When unacceptab

nt-grounding
shall be so

more yellow
y means of a

g the supply
nductor shall

uired, it shall

0 meet the
D-type hinge)

requirement
han 0.1 ohm.
e results are

recorded, an alternating or direct current of at least 20 amp Irom a power supply of not more than 12 V
shall be passed between the two parts connected by the bonding element. The resulting drop in potential
and the test current shall be measured between the two points. The resistance in ohms shall be
determined by dividing the drop in potential in volts by the current in amperes.

24 Batteries

241 Recha

24.1.1
the charged s

rgeable storage-type used as standby power source

tate.

A storage battery shall have sealed cells, or cells with spray trap vents, and shall be maintained in


https://ulnorm.com/api/?name=UL 2525 2020.pdf

JUNE 12, 2020 UL 2525 47

24.1.2 Batteries shall be located and mounted so that terminals of cells are prevented from coming into
contact with terminals of adjacent cells or with metal parts of the battery enclosure as a result of shifting of
the batteries.

24.1.3 The mounting arrangement for the batteries shall permit access to the cells for testing and
maintenance, or the product shall provide integral meters or readily accessible terminal facilities for the
connection of meters for determining battery voltage and charging current.

2414 A conditioning charge shall be limited so that, with the maximum rate of charge that can be
obtained, the battery gases do not adversely affect any part of the product. The trickle and fast charge
rates of a battery shall not exceed the battery manufacturer's recommended rates. The maximum charging

rate shall be identified per 68.4(b)

24.1.5 The|battery shall be protected against excessive loading or charging current by’ affuse or other
overcurrent grotective device.

24.2 Primary dry-cell batteries

24.2.1 Whegn a battery or set of batteries is used as the main source orthe non-rechargeable standby
source of pgwer of a product intended for emergency signaling, it shall meet the requirgments of the
Primary Battgries Tests, Section 61.

24.2.2 Batteries shall be located and mounted to reduce the.risk of terminals of cells comjng in contact
with uninsulated live parts, terminals or adjacent cells, or-metal parts of the enclosure gs a result of
shifting.

24.2.3 Reddy access shall be available to the battery compartment to facilitate battery [replacement,
without damage to the product components or disassembly of any part of the product, except|for a cover or
similar parts.

24.2.4 Removal of the product from“a mounting support to replace a battery shall be germitted only
where the cpnnected wiring is not subjected to flexing or stress and the mounting of the product is
supervised.

24.2.5 Lead or terminal connections to batteries shall be identified with the proper polarity (plus or minus
signs), and ptrain reliefSprovided for any leads. The polarity shall be indicated on the groduct either
adjacent to the battery.terminals or leads.

24.2.6 Connections to battery terminals shall be either by a lead terminating in a positive snap-action
type c|ip, or la_fixed hllﬂ-i‘ypn connection-which applinc a-minimum 6.6 N (1 5 Ih) force tol each battery

contact, or another connection means that has been determined to be equivalent. The connection shall
consist of an unplated or plated metal that is resistant to the corrosive action of the electrolyte.

24.2.7 Each lead of a clip lead assembly used as part of a battery operated product shall be suited for
the intended application, shall be minimum 26 AWG (0.21 mm?) stranded wire size with minimum 0.4 mm

(1/64 in) insu
24.3 Lithiu

24.3.1
1642.

lation and provided with strain relief.

m batteries

Lithium batteries shall comply with the requirements in the Standard for Lithium Batteries, UL
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24.3.2 A non-rechargeable lithium battery shall be protected from abnormal charging currents during use
and comply with the Standard for Lithium Batteries, UL 1642.

Exception: A non-rechargeable lithium battery complying with UL 1642 and serving as the sole power
source is not required to be subjected to the abnormal charging current requirements in UL 1642.

24.3.3 A rechargeable lithium battery shall be protected from abnormal charging currents during use and
comply with the Standard for Lithium Batteries, UL 1642.

24.3.4 A non-rechargeable lithium battery pack (multiple cells) shall be protected from abnormal
charging currents during use and comply with the Standard for Household and Commercial Batteries, UL

2054.

2435 Are
currents durin

25 Servicing Protection

251

25.1.1  Unin
projections s
servicing suc
maintenance

25.2 Traine

25.2.1 Whe
uninsulated g

properly appl

25.2.2 Insul
with the cauti

25.2.3 Inlig
shall comply

a) An

General

d service personnel

Chargeable lithium battery pack (multiple cells) shall be protected from. abmor
g use and comply with the Standard for Household and Commercial Batteries, U

sulated live parts of high-voltage circuits, hazardous moving parts, sharp
nall be formed, located, guarded, or enclosed so‘as“to prevent contact by pg
N as relamping, fuse or rod replacement, battery.replacement, adjusting controls

h the linear distance from a component requiring servicing or an operating sw
urrent-carrying parts of high-voltage circuits is less than 152 mm (6 in), then
ed insulating tape, barriers, or'equivalent, shall be provided.

ating barriers, or equivalent required by 25.2.1 shall be permanently and promin|
bnary marking “CAUTION — High Voltage” or equivalent.

u of the minimum 152 mm (6 in) requirement only for serviceable components
vith one of the following:

nterleck shall be provided on the cover to de-energize all live parts in the enclos

b) Th

mal charging
L 2054.

corners and
rsons during
, and routine

itch and any

brotection by

ently marked

, the product

ure; or

e “following permanent and prominent marking shall be provided on the

cover front:

"CAUTION — De-Energize Unit Prior To Servicing."

25.2.4 Uninsulated live parts or moving parts involving a risk of injury shall be located, guarded, or
enclosed so as to reduce the risk of contact by persons during servicing conditions such as relamping,
changing fuses, adjusting controls, and operating switches.

25.3 Antenna terminal discharge assembly

25.3.1

Each terminal provided for the connection of an external antenna shall be conductively connected

to the supply circuit grounded conductor. The conductive connection shall have a maximum resistance of
5.2 MQ, a minimum wattage rating of 1/2 W, and shall be effective with the power switch in either the on or

off position.

Exception No

. 1: The conductive connection need not be provided when:
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a) Such a connection is established in the event of electrical breakdown of the antenna isolating
means;

b) The breakdown does not result in a risk of electric shock; and

¢) In a construction using an isolating power transformer, the resistance of the conductive
connection between the supply circuit and chassis does not exceed 5.2 MQ.

Exception No. 2: A component comprised of a capacitor with a built-in shunt resistor that complies with the
requirements for antenna-isolating capacitors is to be rated a minimum of 1/4 W.

25.3.2 The maximum value of 5.2 MQ specified in 25.3.1 is to include the maximum tolerance of the

resistor valu¢ used; that is, a resistor rated 4.2 MQ with 20% tolerance or a resistor rated 4

10% tolerand
PROTECTIQ
26 Genera

26.1 When
protection sh

26.2 When
misuse of theg

26.3 An ac
product shall

26.4 The s
device is re
characteristic
breakdown @
event contrib
resultsinari

26.5 Arisk

a) Pg
operg

e.

N AGAINST INJURY TO PERSONS

the operation and maintenance of a product by the user iqvolves a risk of inju
all be provided to reduce the risk.

product.

cessory that is made available or recommended by the manufacturer for use
be included in the evaluation of the preduct.

quired, is to be determined\from an investigation of the complete product,
s, and the risk of injury to\perfsons. The investigation is to include evaluation of]
r malfunction of any one.component, but not more than one component at a tim
utes to another. When the investigation shows that breakdown or malfunction off
sk of injury to persons, the component shall be investigated for reliability.

pf injury to persons is possible when one or more of the following conditions exis

wer-operated moving parts such as gears and linkages are accessible du
tion or. maintenance and are capable of causing a cut or laceration;

.7 MQ with a

y to persons,

investigating a product with regard to 26.1, determination shall be given t¢ foreseeable

with the basic

uitability of a guard, a safety release, an interlock and similar devices, and whether such a

its operating
the results of
e, unless one
a component

t:

ring intended

b) Sh

. I H 'H + Al H = .
'y CTUYTS, VUITS, Ul JIUJTLLUTTO art PITOTTIL UUTTITy UoT U oTTVILITTY,

c) The stability of a product is such that it is capable of causing injury to persons (see Stability,
Section 29);

d) There is a possibility that a part of the body is endangered or that clothing is capable of being

entan

gled by a moving part.

27 Telescoping Antenna

271

A telescoping-type antenna terminating in an end that is capable of constituting a risk of puncture

shall be provided with a minimum 6-mm (0.231-in) diameter button or ball on the end that complies with

the Antenna

End-Piece Secureness Test, Section 63.


https://ulnorm.com/api/?name=UL 2525 2020.pdf

50

UL 2525

JUNE 12, 2020

28 Sharp Edges

28.1

An enclosure, edge, frame, projection, guard, opening, handle, or similar construction shall be

smooth and free from sharp edges that are capable of injury to persons during intended maintenance and

use.

Exception: A sharp edge that must be exposed to enable the product to perform its intended function.

28.2 For edges where the degree of sharpness cannot be determined by inspection, compliance with
28.1 is determined by the test procedure in the Standard for Test for Sharpness of Edges on Equipment,

UL 1439.

29 Stability

29.1 Under
physically uns

29.2 A prodluct shall not tip over when tilted 10° from its intended, uptight position, wh

covers, gateq
provided, are

Exception: F
transport the

29.3 The requirements in 29.4 — 29.8 apply to all:freestanding products. A freestandin

defined as or
parts of the b

29.4 In con

casters and jacks, when provided, are to be placed in their most unfavorable positions, and

be locked or
lowered after
position for th

29.5 A free
39-3/8in (1.0
a continuous
moment. For

all conditions of servicing and intended use, a fully assembled product shall

, drawers, and similar parts are in place and closed, and’ all casters and
in their most unfavorable position.

br fixed or stationary equipment without casters wheére specialized handling i
broduct, this test is to be performed after the equipment is installed as intended.

e that is floor standing and not intended t6 be secured to other units or to the
hilding.

Hucting the tests described in 29:5 — 29.7, the equipment shall be installed as

plocked. However, whentasters are being used only to transport the product, 3
installation, then the jacks (and not the casters) are to be used in their mos
e test, consistent with reasonable leveling of the product.

standing productthat has an external surface (work top or ledge) at a height n
D m) from.thefloor and that is prone to being stepped on or sat upon, shall not {
downward force of 179.8 Ibf (800 N) is applied to that surface at the point
this test; all doors, covers, gates, drawers, and similar parts shall be in place ang

table to the degree that creates a risk of injury to operators or service|personnel.

not become

ile all doors,
jacks, when

5 required to

g product is
floor or other

intended. All
vheels are to
aind jacks are
unfavorable

pt exceeding
ip over when
of maximum
closed.

29.6 Withr

ol 4 YN H 4 3 20 L Aol 4+ rt b [ 1N al 4+ 1
gdaru U uic 1CTyUuUncIricIin nr < J.J, Uthivdalt pdito ouULIT do NTyvuUdluo, LUTTUUT pdit

are not determined as prone to being stepped on or sat upon.

Is, or spools

29.7 A freestanding product more than 39-3/8 in (1.00 m) high and weighing more than 55.1 Ibs (25.0 kg)
shall not tip over when a force equal to 1/5 the weight of the unit but not more than 56.2 Ibf (250 N) is
applied in any direction, except upward, at a height not exceeding 78-3/4 in (2.00 m) from the floor. For this
test, all doors, drawers, frames, and the like that can be opened for operator or serviceman servicing are
to be opened and in the most unfavorable position. Separate tasks are to be performed when operator and
service extensions are different or when special stabilizers are used in accordance with 29.8.

29.8 A stabilizing means is not prohibited from being used to improve stability when doors, drawers, and
the like are opened. The stabilizing means shall be automatic in operation or interlocked when associated
with user use. For service personnel, where it is not automatic in operation, a conspicuous marking shall
be provided to caution the personnel on its use. See 67.1.24.
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PERFORMANCE
GENERAL

30 Details

301

Tests and voltages

30.1.1 Except as otherwise indicated, the performance of a product shall be investigated by subjecting a
representative sample in commercial form to the tests described in Section 31 — 64.

30.1.2 Pro
Equipment
Similar Elect

Ucts that currently meet aif the Tequirements of the Standard for informatio
Safety — Part 1: General Requirements, UL 60950-1 or the Standard for Audi
onic Apparatus-Safety Requirements, UL 60065 or the Standard for Audio/Vide

h Technology
o, Video, and
D, Information

and Communication Technology Equipment — Safety Requirements — Part 1, UL 62368 are rfot required to

be evaluated

30.1.3 Unlg cated in Table

30.1 atthe rg

ss otherwise specified, the test voltage for each test of a productis to be as indi
ted frequency of the product.

Table 30.1
Test voltages
Product rated voltage; nameplate Test voltage
110-120 120
60 cycle, 50/6Q cycle
220 - 240 240
Rated frequengy Other Maximum marked rating
DC Battery cireuit Marked nominal battery voltage
1104120 120
50 cycle 220 220
240 240
30.1.4 Radio frequency,transmitters and equipment intended to be connected to the public telephone

network shal| comply with-applicable Federal Communications Commission (FCC) rules and fegulations.

30.1.5 Whs ed, it shall be

tested in that

n a product must be mounted in a definite position in order to function as intend
position.

30.1.6 All measurements are to be made with a true RMS meter or an oscilloscope.
30.2 Maximum rated load

30.2.1 A product shall operate as intended and without the risk of fire, electric shock, or injury to persons
with all external circuits connected to maximum rated load. This includes the maximum configuration
including all remote communications stations in the active condition and all notification appliances used to
signal the operator at the master control unit in the signaling/alerting condition.

30.2.2 Maximum rated load is that value of impedance which causes rated current to flow in the external
circuit or the maximum number of specific devices or appliances, as specified in the installation
instructions/wiring diagram, connected to the external circuit, with the input voltage to the product adjusted
to the value determined by 30.1.3.
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30.2.3 Units that are provided with connectors for the installation of accessories or with open card slots,

or both, shall be subjected to the tests in this standard with such connectors or card slots, or
to the maximum rated output capability for the unit specified by the manufacturer.

OPERATION TESTS
31

Specifics

31.1

both, loaded

A product shall be capable of operating for all conditions of its intended performance when used in

conjunction with initiating means, attendant notification appliances, power supplies, and interconnected
equipment to form a system of the service specific type indicated in the marking and shown in the

installation Wiring Hiagrnm/ihefrl wictions-

31.2 To determine compliance with 31.1, remote communications stations, atteéhdan
appliances, ipterconnected equipment, and power-supply circuits are to be connected tq
control unit as specified by the installation wiring diagram/instructions to form a‘typical sys
system operated for each condition of its intended performance.

31.3 The items in (a) — (c) used for testing are to be those specified by the insta
diagram/instryctions of the product. Substitute devices, unless otherwisg)indicated, are not pr
being used where they produce equivalent circuit loading and actuafion of the product.

a) Remote communications stations;
b) Attgndant notification appliances (bells, strobes,speakers, and similar appliances o

c) erconnected equipment (accessorigs,” other master control units,

supplementary devices, and the like).

31.4 During the tests in Sections 31 — 40, 'each power-supply circuit shall be supplied fron
rated frequengy and voltage as specified in;30.1.3.

31.5 To determine if a product complies with those requirements that specify the applicatiq
fault, adversg condition, or malfunction of specified equipment/components, the investigati
with the representative system.combination in the normal condition. The fault condition i
separately introduced, the_results noted, the fault removed, and the system restored tq
condition befgre the next fault is introduced.

TWO-WAY EMERGENCY COMMUNICATIONS OPERATION

t notification
the master
fem, and the

lation wiring
phibited from

[ parts);

annunciators,

h a source of

n of a circuit
bn is to start
5 then to be
the normal

32 Operation
32.1 General

32.1.1
system to produce a clearly defined signal of the type for which the system is designed.

The operation of any remote communications station and supervisory condition shall cause the

32.1.2 The time periods for processing and activation of signals in a worst case loaded system shall be

as follows:
a) Automatic processing and activation of
1) Attendant notification appliances, where utilized

2) Local emergency signal and/or supervisory signal annunciation,
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3) Commencement of programmed delays,

shall not be greater than 10 s from the activation of the remote communications station and
supervisory conditions.

b) Trouble signals and their restoration to normal shall be annunciated, including activation of pre-
programmed relays, open collector outputs, and the like, within 200 s of the occurrence of the
adverse condition, fault, or the restoration to normal.

Exception: The initial battery trouble signal annunciation from a battery-operated product that

comp

lies with 34.4.1.

Ll

32.1.3 Em

32.1.4 The
conditions to

32.1.5 Emgrgency, supervisory and trouble signals shall result in distinctly different annu

each other a

32.1.6 The

message to all activated remote communications stations.

32.2 Two-Way Emergency Communications Functional Sequence

32.2.1 The

a) op
not re

b) pu
c) be
d) be

e) be

f) be & minimunyXone inch in the smallest dimension.

32.2.2 Whe

H ol t al H l o toal 4+ 4l MA 4 o
chl |by, SUPTTVIOUI y alriu uruvuuic Dlul alo olidirtT VT darmiriciatcu at uic IvidolTl UUT1T

rescue assistance system shall have the capability of signaling emergenc
a fire alarm system and/or other equipment.

nd other signals.

master control unit shall have the capability of simultaneously broadcasting a d

initiation means of the remote communications station shall meet all of the follow

prated without hand or finger dexterity;,fine motor movement, or simultaneous 4
quire tight pinching, twisting, or grasping;

bh-activated control not requiring more than 5 pounds of force;
mechanically self-restoring;
readily distinguishable from the surrounding background;

mechanically-actuated;

n a‘remote communications station(s) is activated by a building occupant(s), g

signal shall

rol Unit.

and trouble

nciation from

ne-way voice

ng:

ictions and do

n emergency

transmitted to an in-hllilding master control unit

32.2.3 When provided, in addition to that described in 32.2.2, other emergency functional sequences are
not prohibited.

32.2.4 The system shall provide a timed automatic means to connect with an off-site constantly attended
location when the in-building master control unit operator is not responding to the emergency signal.

32.2.5 When the emergency signal must be transmitted to an off-site location, the emergency signal
shall include the identity of the specific location of the building and have the capability to verbally
communicate the building address prior to initiating live voice two-way communication with the off-site

attendant.
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32.3 Master Control Unit Display information

32.3.1
providing the

following:

In response to an emergency signal, the master control unit shall minimally be capable of

a) Provide a visual and audible indication distinct from other signals to indicate an emergency

signal

has occurred.

b) The audible signal distinct from other signals shall have the capability to produce a sound level
not less than 70 db at 3 ft (1 m) from the master control unit. Additional sound levels are permitted
to be field selected when the 70 db is the default level.

c) The
with a

d) Wh
audibl
active
conve

e) Aft
statior
remot
minim

Excep
queue

Excep
contrg

f) Disy
signal

32.3.2 Whe

a) The
two-wi
receiv,

b) Sim

N active remote communications station.

en multiple remote communications stations are simultaneously active in the
b signal shall cease upon the operator establishing two-way communication wi
remote communications stations so that the audible signal doés” not intert
[sation.

br two-way communication has been established with any active remote con
, and the communication circuit (s) is active, any subsequent call-in signal
e communications stations shall result in the reenergization of the audible call-i
Lim of 2 seconds.

tion No. 1: Only a visual indication for pending-calls is permitted as long as a
is visible at all times to the attendant.

tion No. 2: Manual deactivation of thesaudible call-in signal is permitted whef
| complies with 33.1.1.

lay the location including floor and area of the remote communications statiorn

re all status changestare not displayed simultaneously, all the following condition

display shall indieate the initial status change for the highest priority signal (sig
By communications were not previously established), and in the order for whi
ed.

ultaneous display of a minimum of 8 active remote communications stations.

c) An

established

system, the
th one of the
ere with the

hmunications
5 from other
h signal for a

pending call

) the manual

sending the

s apply:

nal for which
ch they were

ndication for the quantity of each type (such as emergency signal, supervisor

y signal, and

trouble signal) of active non-displayed status changes shall be continuously visible during any off-
normal condition.

d) The non-displayed status changes shall be capable of being displayed only by manual operation

(s)-

e) The display controls shall not interfere with the normal operation of the unit, and;

f) When concurrent signals are received, they shall be indicated as follows in descending order of
priority:

1) Signals associated with life safety,

2) Supervisory signals,
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3) Trouble signals associated with life safety,

4) All other signals

32.3.3 After the call has been answered, the master control unit shall provide the manual means to
assign a normal or heightened priority to calls from the remote communications station(s).

32.3.4 An emergency signal from the remote communications station shall be maintained continuously
(locked in) by the master control unit until a resetting device in the master control unit is operated

manually.

32.4 Supe

32.4.1 Thqg signal indication resulting from the operation of a product for superyisory|signals shall
automatically include distinctive audible and visual signals for both the off-normal,and the festoration-to-
normal condjtions. Cancellation of the off-normal signal is acceptable annungciation for the restoration
signal.

Exception: Ror products whose operation provide, in addition to the above, the capability of selecting
nonautomati¢ distinctive restoration-to-normal supervisory signals (locking in the supervisory signals until
manually reget), the installation wiring diagram/instructions for thé/product shall include instructions for
selecting the|respective operation.

32.4.2 Supkrvisory signals shall be distinctive in sound ffom other signals used by the sighaling system
and this sound shall not be used for any other purpose other than to also indicate a system trouble
condition. en the same sound is used for both stpervisory and trouble signals, distingtion between
signals shall pe indicated by a visible means and siléncing of a trouble signal shall not prevent subsequent
sounding of supervisory signals.

32.4.3 A means for silencing a supervisary signal sounding appliance shall comply with al| the following

a) Limited access as described in 33.1.1(a)(1) — (4).

b) A visible supervisery.indicator shall remain activated or is simultaneously activated when the
sounding device iside-energized.

c¢) The visible-ifidicator shall be located and identified so that the user will recognize|the signal as
soon ps it is;activated.

d) Supsequent supervisory signals will reenergize the supervisory signal sounding deyice.

e) The sounding device shall sound when the means is in the "silence" position and no supervisory
condition exists.

32.4.4 A supervisory signal that has been deactivated shall:

a) Automatically reactivate the audible and visible supervisory signal at the master control unit
every 24 hr or less until supervisory signal conditions are restored to normal; and

b) The audible and visible supervisory signal shall operate until it is manually silenced or
acknowledged.

32.4.5 Non-electrical visual annunciation integral with a switch shall include obvious distinct indications
for both the normal and off-normal position of the switch. Utilization of the switch position does not meet
the intent of complying with this requirement.


https://ulnorm.com/api/?name=UL 2525 2020.pdf

56

UL 2525

JUNE 12, 2020

32.4.6 A visual “power-on” indication, visible after the product is installed, is to be present. A unique
character presentation on a display device meets the intent of this requirement.

32.5 Remot

32.5.1

e Communications Station Display information

activated by the user.

There shall be a visual and audible indication that the remote communications station was

32.5.2 The visual and audible indication of 32.5.1 shall persist until the master control unit answers the

emergency s

32.5.3 There—she
control unit H
silencing of t

indication.

3254 The
manually dis
station.

32.5.5

32.5.6 Upon

visual and au

3257 Aco

all remote cd
device or a di

32.5.8 Whil

If th
communicatid

ignal by establishing the two-way live voice communication path.

», c ) vato

as answered the emergency signal and the two-way communication path.is
e audible at the remote communications station meets the requirements(for/di

visual indication in 32.5.3 shall only deactivate when the master control
onnects the two-way live voice communication to the respective remote con

e building occupant activates the remote communications station again,
ns station shall perform the same as described in 32.5.1 — 32.5.3

resetting of the master control unit, when the.emergency situation has been g
Hible indications that are active on any remeté communications stations shall be

htinuous visual "power on" indication (visible after the product is installed) is to b
mmunications stations consisting~of either a unique character presentation
screte LED.

b energized under secondary power, the visual discrete LED "power on" indica

is permitted t¢ be energized a minimunm of one half second duration not less than once every

32.6 Other

32.6.1 The

communicatid

32.6.2 Whe

pignals

e shall be) a"visual distinction between signals associated with the two-way
n system)and signals of other types, such as supplementary signals.

n.ajycommon audible, distinct from emergency, is employed for trouble annun

Tat the master

active. The
stinct audible

nit operator
hmunications

the remote
oncluded, all
deactivated.
e present on

on a display

ion of 32.5.7
0 seconds.

emergency

ciation for all

types of signafs; distinctionshattbe achieved visuatty:

33 Two-Way Emergency Communications Control

33.1

33.1.1

General

All manual controls of the master control unit shall comply with the following:

a) Limiting access by being either:

1) Key operated with the key removable only in the normal position;

2) Located within a locked cabinet;
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3) Limited by a software security code providing a minimum of 1000 combinations and with

a maximum 30-min time-out feature after the last activity; or

4) Arranged to provide equivalent protection against unauthorized use.

5) A switch that is left in the "off normal" position, when there is no active emergency signal,

shall cause the trouble signal to sound until the switch is restored to normal.

33.1.2 Where there are multiple master control units networked together, only one shall be in control at
any given time per group of remote communications stations and the location in control shall be identified
by a visible indication at that location.

33.1.3 Where a combination of or multiple master control units are employed, the sys

capable of tr
33.1.4 Whe

33.1.5 Any
either:

a)AK
b) Lo

c) Ac
ama

d) Arr

33.1.6 IntH
the master g
station’s two-

33.2 Monit

33.2.1 Fail
and intercon
trouble signg
normal cond

nsferring control from one unit to another.
n a master control unit is indicating that it is not in control, it shall not actyas if it i

switches utilized for the control of the two-way emergency communication sy

ey-lock type, with the key removable only in the locked position;
tated inside of a locked enclosure;

cess limited by a software security code providing a minimum of 1000 combina
imum 30-min time-out feature after the last activity; or

anged to provide equivalent protection.against unauthorized use.

ontrol unit shall provide a manual means to regain control of the remote co
way communication and disconnect the off-site communications.

pring integrity

ire of any component in the audio chain (such as amplifiers, preamplifiers, ton
hected wiring)\resulting in the loss of emergency signaling capability shall cau
I. Complianee is to be verified with the two-way emergency communication
tion and.repeated with the system in the emergency condition.

tem shall be

in control.

stem shall be

ions and with

e event that the emergency signal was transmitted off-site to a constantly attemded location,

mmunications

e generators,
5e an audible
system in the

sed.

Exception: W

iring internal to a mechanically protected enclosure is not required to be supervi

33.2.2 Microphones employed in both the remote communications stations and master control unit shall
be monitored for integrity such that loss of the microphone results in a trouble signal.

Exception: Remote communications stations and master control unit hand-free microphones meeting the 5
ft-Ib impact test.

33.2.3 Communication circuits shall be monitored for integrity such that the faults described in 35.3.1

result in both

an audible and visual trouble indication.

33.2.4 Unacknowledged emergency signals at the master control shall not be interrupted if a fault on a

communicati

ons circuit occurs while there is an emergency condition on that circuit.
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33.2.5 Two-way emergency communication systems sharing components, circuitry and installation
wiring with other systems shall comply with Combination Systems, Section 39.

COMMON REQUIREMENTS

34 PowerS

341

34.1.1

upplies

General

secondary), each of which is able to separately power the product.

Each product shall be supplied by at least two independent power sources (one primary and one

Exception Ng
sole source o

Exception Ng
which are suf

341.2 The
not cause an

34.1.3 Tran
power source

34.2 Prima

34.2.1
connection to
trouble signal

3422 The
a)Ap
b) The
34.2.3 Ope

within 10 s V
maintaining ¢

All primary power source (s) shall be monitored for the presence of voltage at

. 1: Products complying with 34.4.1 are not prohibited from using a primary-b
f power.

. 2: Products deriving power from separate equipment complying with this
plied by at least two independent power sources.

interruption and restoration of any source of electrical energy connected to a
emergency signal.

sfer of the operating power to the secondary powerdsource or return to the prim
shall not cause the loss of any off-normal signaling condition.

'y power source

the product such that, after reaching the voltages specified in 34.2.3, an audib

equirement of 34.2.1 does)not apply to the following circuits:
bwer supply for supplementary equipment.

neutral of a three-, four-, or five-wire AC or DC supply source.

ating power of the product shall automatically be transferred to the secondary j
vithout-required signals being lost, interrupted, or delayed by more than 10

shall be annunciated at a master control unit for all products located on premise.

bmpatibility of connected equipment when each of the following conditions occur:

attery as the

tandard and

product shall

Ary operating

the point of
le and visual

ower source
s and while

a) Total instantaneous loss of primary power; and

b) Degradation of primary power to the point of transfer to secondary power.

Transfer to the secondary power source shall occur between 85% and 90% of rated voltage. Restoration
of the primary operating source to a value of not more than 90% of rated voltage shall result in the transfer
of product operation to the primary operating source within 30 min.

Exception: A lower transfer cutout voltage is not prohibited when operation of the product is not impaired
and compatibility of connected appliances is maintained.

34.2.4 For units employing a rechargeable battery as the secondary power source, that does not utilize a
transfer cutout scheme (such as a float-type battery charger), the trouble indication required by 34.2.1
shall occur as described in 34.3.4.
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34.2.5 For units employing an uninterruptible power source, a trouble signal shall be initiated when the
uninterruptible power source system switches from the primary power source to the secondary power
source.

34.3 Secondary power source(s)

34.3.1 All secondary power source(s), other than those used solely to sustain time and date functions or
volatile memory, shall be monitored for the presence of voltage at the point of connection to the product
such that loss of voltage shall result in the master control unit shall annunciate an audible and visual
trouble signal for the two-way emergency communication systems located on premises.

34.3.2 Thersystem-s
the alternating current
when the prdduct is connected to its primary power source.

producs $ s ig indicatigns, excluding
er source as

34.3.3 Proglucts employing rechargeable batteries as the secondary power, Spurce shall monitor the
integrity of the battery-charging circuit.

34.3.4 With regard to 34.3.3, products employing voltage controlled. charging methods shall initiate a
trouble signal when the charging voltage decreases below the marked fiominal rated battery yoltage.

34.3.5 Thelsecondary power sources shall comply with the standby times of Section 46.
34.4 Primary batteries

34.4.1 Primary batteries are not prohibited from beingused when all of the following conditipns are met:

a) The capacity of the primary batteries, shall be monitored for integrity. The battgries shall be
monitpred while loaded by:

1) Transmission of the transmitter with the product in the emergency communication mode
of operation; or

2) A load equivaléent to the load imposed by transmission in the emergency communication
mode of operation.

b) A Fequired battery trouble status signal shall be transmitted to the master confrol unit for a
minimum of 7 days before the battery capacity of the transmitter/transceiver/product/has depleted
to a| level~insufficient to maintain four hours of proper emergency operation of the
transnlnitter/transceiver/product.

c) The battery trouble signal annunciation at the master control unit is not prohibited from initially
being delayed up to 4 hr.

d) The battery trouble signal shall be retransmitted at intervals not exceeding four hours or the
product locks in the signal to the control unit until the battery is replaced.

Exception: Transmitter/transceiver/receiver combinations utilizing two-way communication where
all of the following conditions are met:

a) The transceiver/receiver acknowledges receipt of the change of status signal to the
corresponding transceiver/transmitter; and

b) The receiver/master control unit annunciates the current ftrouble status of the
corresponding input or output RF device after manual reset of the receiver/master control
unit.
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e) Batteries (of the transmitter/product) shall be capable of operating the transmitter/product,
including the remote communications stations (if powered by the same battery), for not less than 1
year of normal signaling service before the battery depletion threshold specified in (b) is reached.

f) Annunciation of the battery trouble status signal at the master control unit shall be distinctly
different from emergency, tamper, and remote communications stations circuit trouble signals. It
shall consist of an audible and visual signal that shall identify the affected
transmitter/transceiver/product.

g) The audible trouble signal of the master control unit is not prohibited from being silenceable

when provided with an automatic feature to resound the signal at intervals not exceeding 4 hr.

h) Th
has be

i) Any

N W

haH‘nry trouble status eignal shall pnreief at the mastaer control unit until the Hnl_

en replaced.
mode of failure of a primary battery in a device shall not affect any other device.

here a single  Dbattery failure affects the intended- ! operatio

transnpitter/transceiver/product, each transmitter/transceiver/product shall serve only

and sh

k) A tn
follow

35 Commo
Systems
35.1 Gener

35.1.1 Allm

all be individually identified at the master control unit.

ansmitter/transceiver/product shall be permitted to serve more than one device
ng are met:

1) Multiple batteries are used;
2) A single battery failure does not affect theoperation of transmitter/transceive
3) Each battery shall be individually menitored for battery depletion as describe]

4) Each battery upon reaching depletion shall cause the transmitter/transceiv
transmit a low battery trouble signal as described in (b);

5) Each transmitter/transceiver/product shall be individually identified at the ni
unit.

h Performance and Monitoring for Integrity — Two-Way Emergency Commu

Al

eans-of interconnecting equipment, devices, and appliances shall be monitore

of the interc

leted battery

of the
one device

n

when all the

r/product;
d in (a);

er/product to

aster control

nication

] for integrity

nnrfing nnndlmi‘nr(e) and/or nqni\/nlnni‘ lr_\afh (e) so that the occurrence of a s

ngle ground,

single open, or adverse condition shall automatically result in a trouble signal.

Exception: Pathways required to operate with a specific Class designation in accordance with 35.1.8 —

35.1.11.

35.1.2 The requirementin 34.1.1 does not apply to the following circuits:

a) Trouble signal circuits;

b) Interconnection between equipment within a common enclosure;

c¢) A circuit for supplementary system components when a short-circuit, an open, or a ground fault
in no way affects the normal operation of the control unit/system except for omission of the
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supplementary feature (when necessary to comply with the above requirement, overcurrent
protective devices provided for supplementary circuit protection shall be non-interchangeable);

d) Conductors for ground detection, where a single ground does not prevent the required normal
operation of the system;

e) A non-interfering shunt circuit, when a fault condition of the circuit wiring results only in the loss
of the non-interfering feature operation; and

f) The circuit connections extended to additional two-way emergency communication equipment
when these wiring connections are intended to be made within 20 ft (6.1 m) of each other and are

enclosed within conduit or equivalently protected against mechanical injury.

35.1.3 The
is not accept

35.1.4 A sipgle break or a single ground on any circuit shall not cause an emergency signal

35.1.5 The
required for ¢

3516 A1
communicati
emergency g

35.1.7 Where power to a device or appliance is supplied over a separate pathway from

notification a
performance
power circuit
consistent W
described in

Exception: G
included in th

35.1.8 Path
a)Ar

b) Op

utilization of a double loop or redundant conductors or circuits to avoid eleetric
hble.

operation of a product shall not depend upon any ground\connection, exg
onnection to ground fault detection circuit(s).

hultiple ground fault or short-circuit fault on an attendant notification appl
bn circuit (s) intended for connection to limited-energy cable, that would pre
peration, shall result in a trouble signal.

ppliance, and/or communication circuit(s), the operation of the power pathway 3
requirements of the attendant notification appliance, and/or communication cirg
shall be defined by the applicable €lass in the product installation wiring diagra
ith the operation of the particular power pathway during the specified fa
35.1.8 — 35.1.11.

peration of the power pathway as defined for other classes are permitted to b
e product installatien\wiring diagram/instructions.

ways designated Class A shall operate as follows:
edundant\path/channel is included.

erational capability continues past a single open, and the single open fault sha

annunciation of a trouble signal.

bl supervision

ept for those

ance, and/or
vent required

the attendant
hall meet the
uit(s) and the
m/instructions
LIt conditions

e utilized and

| result in the

c) Operational capability in a radio frequency and/or wireless pathway/channel continues during a
single fault consisting of each of the following applied separately:

1) Application of an adverse condition at a transceiver/repeater other than the
test;

device under

2) Blocking one transmission path/channel while in use at the device under test for sending

and/or receiving signals; and

3) Blocking one path/channel at the control unit receiver/transceiver while that channel is in

use for receiving signals from and/or sending signals to the device under test.

The fault shall result in the annunciation of a trouble signal when two paths/channels are no longer
available.
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d) Each transceiver and/or repeater in a radio frequency and/or wireless pathway/channel is
powered by one of the following means:

1) Both a primary source meeting 34.2 and a secondary source meeting 34.3;

2) Multiple primary batteries meeting 34.4(k).

e) Conditions that affect the intended operation of the required paths are annunciated as a trouble

signal

f) Operational capability is maintained during the application of a single ground fault.

g)As

h) Wh
restor

Exception Nd. 1: Requirements (f) and (g) shall not apply to non-conductive pathways (e.q.

fiber).

Exception No| 2: Requirement (b) shall not apply to radio frequency/wireless pathways.

35.1.9 Path

a) A redundant path is not included.
b) Op¢rational capability stops at a single open.
c) Corditions that affect the intended operation'of the path are annunciated as a troubl

d) Operational capability is maintained during the application of a single ground fault.

e)As

f) Eagh transceiver and/or repeater in a radio frequency and/or wireless pathwg
powerged by one of the follewing means:

g) Wh
restor

ingle ground condition shall result in the annunciation of a trouble signal.

bre operational capability is to be maintained during a fault, the operational ¢apa
pd within 200 s of the application of the fault.

vays designated as Class B shall operate as followss

ngle ground condition shall result in the annunciation of a trouble signal.

1) Both a primary source meeting 34.2 and a secondary source meeting 34.3;
2) Multiple-primary batteries meeting 34.4(k).

bre. opérational capability is to be maintained during a fault, the operational capa
pd within 200 s of the application of the fault.

bility shall be

wireless or

e signal.

y/channel is

bility shall be

Exception: Requirements (d) and (e) shall not apply to non-conductive pathways (e.g. wireless or fiber).

35.1.10 Pathways designated as Class X shall operate as follows:

a) A redundant path is included.

b) Operational capability continues past a single open, and the single open fault shall result in the

annun

ciation of a trouble signal.

c) Operational capability in a radio frequency and/or wireless pathway/channel continues during a

single

fault consisting of each of the following applied separately:

1) Application of an adverse condition at a transceiver/repeater other than the device under

test;
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2) Blocking one transmission path/channel while in use at the device under test for sending
and/or receiving signals; and

3) Blocking one path/channel at the control unit receiver/transceiver while that channel is in
use for receiving signals from and/or sending signals to the device under test.

The fault shall result in the annunciation of a trouble signal

d) Each transceiver and/or repeater in a radio frequency and/or wireless pathway/channel utilizes
frequency hopping spread spectrum technology or equivalent means to ensure the reliability of
pathways.

e) Each transceiver and/or repeater in a radio frequency and/or wireless pathway/channel is
poweled by one of the following means:

1) Both a primary source meeting 34.2 and a secondary source meeting)34.3;
2) Multiple primary batteries meeting 34.4(k).

f) Opgrational capability continues past a single short circuit, and the single short-cirguit fault shall
resulffin the annunciation of a trouble signal.

g) Operational capability continues past a combination open¢ault and ground fault.
h) Copditions that affect the intended operation of the path are annunciated as a troublle signal.
i) Opgrational capability is maintained during the application of a single ground fault.
j) A sipgle ground condition shall result in the annunciation of a trouble signal.

k) WHere operational capability is to be maintained during a fault, the operational capability shall be
restofled within 200 s of the application of the fault.

Exception N¢. 1: Requirements (h), (i),"and (k) shall not apply to nonconductive pathways (elg. wireless or
fiber).

Exception Ng¢. 2: Requirement (b) shall not apply to radio frequency/wireless pathways.

35.1.11 Pathways designated as Class N shall operate as follows:

a) It includes-two or more pathways where operational capability of the primary pathway and a
redundant pathway to each device shall be verified through end-to-end communicatiop.

Exception: When only one device is served, only one pathway shall be required.
b) A loss of intended communications between endpoints shall be annunciated as a trouble signal.

c) A single open, ground, short, or combination of faults on one pathway shall not affect any other
pathway.

d) Conditions that affect the operation of the primary pathway(s) and redundant pathway(s) shall be
annunciated as a trouble signal when the system’s minimal operational requirements cannot be
met.

e) Primary and redundant pathways shall not be permitted to share traffic over the same physical
segment.


https://ulnorm.com/api/?name=UL 2525 2020.pdf

64 UL 2525 JUNE 12, 2020

f) Where operational capability is to be maintained during a fault, the operational capability shall be
restored within 200 s of the application of the fault.

35.1.12 Where two or more two-way emergency communication systems are interconnected, the
interconnecting pathways shall be defined by class A, B, X and/or N in the product installation wiring
diagram/instructions consistent with the operation of the particular pathway during the specified fault

conditions specified in 35.1.8, 35.1.9, 35.1.10, and 35.1.11.

35.2 Attendant notification appliance circuits

35.2.1
and/or N in

Where provided, each attendant notification appliance circuit shall be defined by class A, B, X

ration of the

particular pat

the. prnrlllr\f mnstallation \I\Iil"ihg Hiagram/inefrllr\ﬁnne consistent with the ope

hway during the specified fault conditions specified in 35.1.8, 35.1.9, 35.1.10,@n

d 35.1.11.

Exception: The circuit of an attendant notification appliance intended to be installed/in the

within 10ft of|
single ground
be installed in

35.2.2 Asin
optic) condug
attendant no
conditions:

a) Th
notific

b) The

35.3 Com
and network

35.3.1 Each
wiring diagra
fault conditior

35.3.2 Whe

the master control unit, is not required to be monitored for integrity)regarding
. wire-to-wire short faults when the attendant notification appliance-circuit cona
conduit or have equivalent protection against mechanical injury.

same room
single open,
uctors are to

gle break, single ground, or wire-to-wire short-circuit fault"on the physical (metallic and fiber

tors of one attendant notification appliance circuit shall’not affect the operation
ification appliance circuit for more than 200 s;)under both of the follow

b fault is first present during the normalcecondition followed by activation
btion circuit;

fault is applied after the notification: ircuit is activated.

of any other
ng separate

bf the same

unications circuit between master control units and remote communications stations

d master control units

communications circuit shall be defined by class A, B, X and/or N in the produ
m/instructions copsistent with the operation of the particular pathway during
s specified in 35.48, 35.1.9, 35.1.10, and 35.1.11.

re digital communications are used, the inability of a product to send or receive ¢

over a commuinications)circuit shall result in a trouble signal.

ct installation
the specified

ligital signals

35.4 Auxiligry power supply supervisory circuit

35.4.1
function.

Each system shall provide a means for monitoring auxiliary power supplies necessary for system

35.4.2 The off-normal condition of the auxiliary power supply shall be annunciated as a supervisory
signal.

35.4.3 The auxiliary power supply supervisory circuit shall be defined by class A, B, X and/or N in the
product installation wiring diagram/instructions consistent with the operation of the particular pathway
during the specified fault conditions specified in 35.1.8, 35.1.9, 35.1.10, and 35.1.11.
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35.5 Low-power radio-frequency signaling

35.5.1

These requirements cover the operation of products and systems that utilize initiating,

annunciating, and remote control devices that provide signaling by means of low-power radio-frequency
(RF), with the transmitters operating on a random basis or using two-way interrogate/response signaling.

35.56.2 The requirements in 35.5.3 — 35.5.10 are based upon all required annunciation occurring at the
master control unit.

35.5.3 A primary battery shall comply with 34.4.1 when a primary battery is used.

3554 Ang
unit until m4
activated.

nually reset, and shall identify the particular RF remote communications. s

b

35.5.5 When a master control unit activates RF appliance (s) such as relays or attenda

appliances, t

3556 Top
periodically |
its normal cd

he activated appliance shall remain locked-in until manually resetat-the master ¢

rovide higher priority to emergency signals than to other signals, emergency si
bpeated at intervals not exceeding 60 s until the remote, cammunications station
ndition. Master control units activating RF appliances shall automatically repe

master control

tation that is

nt notification
ontrol unit.

gnals shall be
is returned to
At emergency

signal transnissions at intervals not exceeding 60 s or until confifmation that the output appliance received

the signal. Tl
interval.

Exception: T
following cor

1) T
corre

2) Th
input

3557 A
transmitter/p

35.5.8 Adg
following me

he duty cycle of the transmission shall be notimore than 15% measured oV

ransmitter/transceiver/receiver combinations utilizing two-way communication
ditions are met:

9

g

ne transceiver/receiver acknowledges receipt of the change of status
sponding transceiver/transmitter; and

e receiver/master control )unit annunciates the current trouble status of the ¢
pbr output RF device after manual reset of the receiver/master control unit.

haster control @nit” shall annunciate a latching trouble signal and identify 4
roduct in the system within 200 s.

itionakassurance of successful transmission capability shall be provided b
hods:

er a one-min

where all the

ignal to the

orresponding

n inoperative

y one of the

a) Tra

nsmining the normatstatus transmission ata reduced power ievelroratieast s db;

b) Either increasing the minimum signal strength or reducing the maximum ambient radio-
frequency noise levels used in the product-specific field test procedure by at least 3 dB;

¢) Increasing the minimum signal to noise ratio used in the product-specific field test procedure by
the equivalent of at least 3 dB; or

d) By

another equivalent means.

35.5.9 The audible tamper signal of the master control unit is not prohibited from being silenceable when
provided with an automatic feature to resound the signal at intervals not exceeding 4 hr. Both of the
following actions shall cause the annunciation of a tamper signal at the master control unit additionally
identifying the affected device within 200 s.
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a) Removal of a remote communications station transmitter,

RF appliance

receiver or

retransmission device from its installed location, including displacement of a removable surface
such as a ceiling tile.

b) Removal of a cover exposing a transmitter primary battery.

35.5.10 Reception of any unwanted (interfering) transmission by a retransmission device (repeater), or
by the master control unit that exceed the maximum specified ambient noise level or minimum signal-to-
noise ratio (see 60.3.2) for a continuous period of 20 s or more shall result in an audible trouble signal
indication at the master control unit. This indication shall identify the specific trouble condition (interfering
signal) as well as the device(s) affected (repeater and/or master control unit).

36 Trouble

36.1 A trou
intermittent si
of one-half s
trouble annur
visually.

36.2 Cance

36.3 The aq
indicated as @

364 The a
Restoration 0
manual reset

36.5 Amea

a) Lim

Signals

ble signal shall be indicated by the operation of a distinctive sounding ‘applian
gnal is used, it shall sound at least once every ten seconds with a minimum on-

ciation for both emergency and non-emergency related signals, distinction shal

tivation of a self-restoring trouble signal and its:restoration to normal shall be
escribed in 36.1 and 36.2.

ctivation of a latching trouble signal shall.be automatically indicated as descr
f a latching trouble signal shall be indicated as described in 36.1 and 36.2 after &

hs for silencing a trouble sounding device shall comply with all of the following:
ting access by being either:

1) Key operated with the key removable only in the normal position;

2) Located within a locked cabinet;

3) Limjted by a software security code providing a minimum of 1000 combinat
a maximum 30-min time-out feature after the last activity; or

4) Arranged to provide equivalent protection against unauthorized use.

ce. When an
lime duration

econd. When a common audible signal (distinct from emergengy)‘is to be ¢mployed for

be achieved

lation of the off-normal signal is acceptable annunciation for a trouble restoration signal.

putomatically

bed in 36.1.
ctivation of a

ons and with

b) A visible trouble indicator remains activated or is simultaneously activated when the sounding
device is de-energized.

c) The audible trouble signal shall sound when the means is in the "silence" position and no trouble

exists.

d) The visible indicator shall be located and identified so that the user will recognize the signal as
soon as it is activated.

36.6 An audible trouble signal that has been silenced at the master control unit shall

a) Automatically reactivate the audible trouble signal at the master control unit every 24 hr or less
until trouble signal conditions are restored to normal; and
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b) The audible signal shall operate until it is manually silenced or acknowledged.

37 Components — Monitoring for Integrity

37.1
trouble signa

| when the fault prevents normal operation of the product.

The fuses of a product shall be electrically supervised to indicate rupture of the fuse by an audible

Exception No. 1: Supplementary products where the fault in no way affects the normal operation of the
system except for omission of supplementary features.

Exception No. 2: Either an audible- or visual-only trouble signal at the operator interface is acceptable for

mechanisms,

37.2 Failur
cooling fan 1
45.2 shall be|

Exception: E
mechanisms

37.3 When
manual restd
indicated by

Exception: H
mechanisms

37.4 The d
position whil
normal positi

Exception: H
mechanisms

37.5 Tode
with the rep

signals with

37.6 When

:

£oodt ok o £ £ 4 focar] A
rat are odrt ur tric 1riiaotcr CUTILTUr uriit.

b of components associated with controlling the environment within an ghclosu
notor, which would result in product temperatures exceeding those in.Table 4

re, such as a
b.1 and Table

indicated by an audible trouble signal.

ither an audible- or visual-only trouble signal at the operator interface is g
that are part of the master control unit.

the off-normal position of any normally preset mechanism or similar part of a prd
ration in order to permit normal signaling performance of the system, such po
bn audible trouble signal.

ither an audible- or visual-only trouble signal at the operator interface is &
that are part of the master control unit.

peration of any manual-switching~part of a product to other than its norma
b the system is in the normal cendition shall be indicated by a trouble signal,
pn of the switch interferes withrnormal operation of the system.

ither an audible- or_visual-only trouble signal at the operator interface is g
that are part of theSmaster control unit.

rmine if a switching part of a product complies with 37.3 and 37.4, the investigg

e manual=switching part in each position.

a product is controlled and influenced by a software program, a trouble signal

cceptable for

duct requires
sition shall be

cceptable for

or activated
when the off-

cceptable for

tion is to start

sentative’system combination in the normal condition; the system is then to bg operated for

shall activate

for the occurl

ence or any or tne Touowing maffunctions:

a) The product/system does not execute its program cycle.

b) The memory function of the microprocessor does not function or is corrupted.

c) Rotation ceases, or fails to start when required, in a product that incorporates permanent
memory-storage devices having rotating elements.

Exception: Supervision is not required when malfunction of the memory-storage device results only in loss
of supplementary information or features, and when the system is still capable of indicating the nature and
location of any status change.

37.7 A system shall not be affected if the system fails to execute any supplementary program.


https://ulnorm.com/api/?name=UL 2525 2020.pdf

68

UL 2525

JUNE 12, 2020

37.8 Where an audible trouble signal is used to annunciate the conditions indicated in 37.1 — 37.6 for the
master control unit, the trouble signals shall comply with the requirements in Trouble Signals, Section 36.

38 Software

38.1

38.1.1

General

all the requirements in this section.

Any product that is dependent upon software program(s) to achieve proper operation shall meet

38.1.2 Where compliance with this standard is dependent upon the proper selection of software features

and paramet

a) The
prohiby

b) The
or not

c) As
descri
requir
accord
where

38.1.3 Are
assigned due|

38.1.4 With
visibly marke
part of the un

38.1.5 Alls
contaminants
hard disk driv|

laiale £iolal lal £ 4l £o11 H laall le 4
ro wriinolt arc 11oid PIUHIGIIIIIIGUIC, UTTIC UT UTC TUITOVWIIT IH S01dlil VT TTITL.

software shall not permit any product operation or contain any programming.op
ited by this standard;

software shall be partitioned and identified in the field programming“software
complying with (a); or

ummary as described in 68.17 shall be provided in the front of the program
bing all programming options and parameters that have the potential for confli
bments in this standard and stating the proper ¢program selections that

ance with this standard. Additionally, information<shall also appear throughou
the specific feature or option appears describing:the requirements of this stands

ease level shall identify the executive software of a product. A new release |
to any changes in the executive software.

the executive software resident_in*the product, the release level of the softy
] on the product or shall be capable of being displayed on a visual annunciato
t.

pftware shall be resident in nonvolatile storage devices that are sealed against
and not subject tovmechanical wear of the storage medium. Integrated circuit
bs are examples of storage devices that meet this requirement.

Exception: S¢ftware and data that is of a supplementary nature or software used to initially

product.

38.1.6 Whe

re the" design of the product requires that status-change signals be stored in me

tions that are

s complying

ming manual
tting with the
would be in
t the manual
rd.

evel shall be

are shall be
provided as

atmospheric
5 and sealed

program the

mory in order

for the signal

0 be disptayed by the controiunit, the software shat-trave sufficient capacity t

store for the

master control unit, a total number of remote communications station circuits plus remote communications
stations connected to all communication circuits up to a maximum of 10 or ten percent of the total,
whichever is greater.

38.1.7 Where status-change signals are stored in memory and the memory capacity is not capable of
storing all possible signals simultaneously, the software design shall prohibit the overflow condition
causing corruption of existing stored data or causing the control unit to perform in a degraded mode with
regard to the status changes which are stored in memory.

38.1.8 Software and firmware within a two-way emergency communication system that interfaces to
software in another system to provide required functions shall be functionally compatible and the
compatibility shall be indicated in the installation instructions of one or both of the compatible systems.
This does not apply to supplementary functions.
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38.2 User access and programming

38.2.1 The executive program shall not be accessible for change, modification, or addition by the user,
nor shall program execution depend upon site specific programming by the user.

38.2.2 Site-specific programming is not prohibited from being performed at the factory or in the field.
When the product permits programming in the field, the extent of the programming shall be limited to the
setting of parameters and variables that relate only to topics influenced by use and installation of the
product.

38.2.3 A security means shall be provided to restrict unauthorized access to site specific programming.
The means shall prn\lir{n a2 minimum of 1000 pr\eeihln combinations—Ihe. Qnr\llrify means-shall not be the
same as the|access means provided to enable the products operational controls or featlrels. The use of
different pasgwords meets the intent of this requirement.

38.2.4 Initipl site specific programming or any subsequent reprogramming, ©f -an in-building master
control unit ghall require manual actuation of the security means at the in-building mastef control unit.
Once activated, programming may be completed on-site or downloaded from an off-site locatjon.

38.2.5 When the proper operation of a product is adversely affecteéd"due to actuation of the security
means or ddring any reprogramming, the product shall produceia visual trouble signal at the master
control unit.

38.3 Software integrity

38.3.1 Thel|software design shall cause the product to operate as intended and shall not gontain known
critical defects which result in interruption of product-operation, operation not intended by the| design of the
product, or which is inconsistent with the requirements of this standard.

38.3.2 With regard to 38.3.1, evidence ofisoftware integrity shall be any of the following:

a) Software development using’a documented process, which includes the test procedures, with
anticipated test results, specified in 38.3.3 and which complies with the requirements of ISO 9001.

b) Expmination of theé software operation by the manufacturer with a test and verification program
that i3 documented\with a test plan and test results which, at a minimum, includes verification of the
items|specifiedin-38.3.3.

Documentatipn_forv(a) and (b) shall include a description of the test methods used, test fesult(s), and
identification|of test equipment.

38.3.3 The test program specified in 38.3.2 shall include performance-based testing of the functions
described in (a) — (e).

a) Confirmation of proper operation of all circuits of each applicable type, style and class, verified
as described.

1) Supervised output (attendant notification appliance, etc.) circuits:

i) Subjecting the circuit to fault conditions (short, open, ground) and verifying that the
condition is detected and the system responds as required.

ii) Verify the circuit activates correctly when commanded by the system.
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iii) Verify that the output signal is recognizable and complies with all timing
requirements.

2) Communications circuits:

i) Subjecting the circuit to fault conditions (short, open, ground) and verifying that the
condition is detected and the system responds as required.

ii) Verify that a minimum of at least 1 message, per type, is transmitted correctly as
required.

iii) Verify that incorrect messages are processed appropriately.

iv) Verify that mismatches between the actual devices on a circuit apd the expected
devices on a circuit are detected and reported correctly.

3) Supervisory circuit:

i) Subjecting the circuit to fault conditions (short, open, ground) and verifying that the
condition is detected and the system responds as required.

ii) Verify the circuit will detect and respond to a supervisory condition,|and that the
system responds as required.

b) Confirmation of proper operation of visual annunciatorstand displays:

1) Verify that at least 1 event, per type, intended for the display and/or apnunciator is
successfully routed to and displayed by the.display and/or annunciator.

2) Verify that events not intended forthe display and/or annunciator are not displayed.
c) Corjfirmation of proper operation of mianual controls:
1) Verify that all key pressessare processed.

2) Verify that all key.presses and menu selections generate the expected action.
3) Verify that incorrect entries are rejected and do not cause abnormal system ¢peration.
d) Confirmation ofiproper operation of all programming options:

1) Verifythat programming options cause the operation intended.

2)Verify that incorrect entries are processed appropriately.

e) Confirmation of proper operation of intelligent devices that are controlled by the panel by
verifying that the panel correctly controls the device as designed.

38.3.4 The testing information specified in 38.3.2 (a) and (b) shall be submitted for review for any new
products and whenever functions are added to the software of an existing product.

39 Combination Systems

39.1  When a two-way emergency communication system is intended to share components, equipment,
circuitry, or installation wiring with non-emergency equipment, and the non-emergency equipment
complies with this standard, or complies with one of the standards shown in 39.2, the requirements of 39.3
— 39.5 shall apply.
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39.2  With respect to 39.1, the following standards apply:

39.3

a) The Standard for Mass Notification Systems, UL 2572;

b) The Standard for General-Purpose Signaling Devices and Systems, UL 2017, Type SM or AM;

and

¢) The Standard for Control Units and Accessories for Fire Alarm Systems, UL 864.

It shall be permitted to attach the non-emergency equipment to the two-way emergency
communication system circuits when the following requirements are met:

a)Th A - emeraenc communication-svstem-esauipment-and-circ s-sha tinuetomeet
the dircuit requirements of Common Performance and Monitoring for Integfityl — Two-Way
Emerggency Communication Systems, Section 35 with the non-emergency equipment|attached.

b) Fajlures of the non-emergency equipment that affect the operation ofthé two-wa
comnpunication system shall be detected and reported at the master controlunit.

c) The

wiring

requifements of the National Fire Alarm and Signaling Code, NFPA 72.

d) Th
syste

39.4 Wher
system throu
emergency g

39.5 Singlg
communicati

shall be reported at the master gontrol unit as trouble signals when they occur o

interconnecti

39.6 When
circuitry, or i
either this stg

39.7 Short
emergency §

installation document of the two-way emergency communicatien system shall s
, including that to the non-emergency equipment, shall be irstalled in accord

b non-emergency equipment shall be compatible with'the two-way emergency ¢
m or it shall have a contact closure interface for the connected load.

the non-emergency equipment is connectéd to the two-way emergency c
gh separate wiring, opens and short circuits shall not impair the operation o
ommunication system.

ground faults which impede orimpair the monitoring for integrity of the two-weé
bn system, or impede or impair any emergency or trouble signal transmissions

hg the non-emergency.equipment with the two-way emergency communication

a two-way emergency communication system is intended to share component
nstallation wiring-with non-emergency equipment, and that equipment does no
ndard or any-of the standards shown in 39.2, the requirements of 39.7 — 39.9 sh

circuits»or open circuits in the non-emergency equipment or in the wiring betw
quipment and the two-way emergency communication system shall not impeds

y emergency

pecify that all
ance with the

bmmunication

bmmunication
the two-way

y emergency
or operation

n the wiring

system.

5, equipment,
t comply with
all apply.

yeen the non-
or impair the

monitoring f

DI in'rngrii'y of the hA/n-\A/Qy emergency communication eycfnm as describe

in Common

Performance and Monitoring for Integrity — Two-Way Emergency Communication Systems, Section 35,
nor impede or impair any two-way emergency communication system signal transmissions or operations.

39.8 Single ground faults in the non-emergency equipment shall not impede or impair the monitoring for
integrity of the two-way emergency communication system, or impede or impair any emergency or trouble
signal transmissions or operation.

39.9 The required operation of the two-way emergency communication system equipment shall not be
impaired by any failure of the non-emergency equipment hardware, software or circuits, or by any
maintenance procedure, including removal or replacement of defective equipment or powering down of
the non-emergency equipment.
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39.10 The monitoring for integrity as described in the Common Performance and Monitoring for Integrity
— Two-Way Emergency Communication Systems, Section 35, shall continue to be met during the period
the combination system is used for non-emergency purposes.

39.11 Emergency control or other non-emergency functions shall have the capability of not interfering
with any required operation of the two-way emergency communication system.

39.12 In combination systems, two-way emergency communication system related signals shall be

distinctive, clearly recognizable, and shall be indicated as follows in descending order of priority:

a) Signals associated with rescue assistance.

b) Tro

c) All ¢

39.13 Wher
network, the f

a) Th
Perfor
35.

b) No

impair
39.14 All eq
meet the requ

40

40.1 The in
as a single s
Monitoring fo

40.2 Eachi
monitored se

40.3 Unless
are intended

Interconnected Two-Way Emergency Communication Systems

ible signals associated with two-way emergency communication system.

ther signals.

e the two-way emergency communication system is intended to be connected t
pllowing shall apply:

P

-

interconnecting path shall be monitored for integrity ‘as described in t
mance and Monitoring for Integrity — Two-Way Emergency Communication Syst

the operation of the two-way emergency communication system.

uipment which affect the operation of the two-way emergency communication
irements of this standard.

terconnections of multiplesxtwo-way emergency communication system intendg
ystem shall be monitored’ for integrity in accordance with the Common Perfq
Integrity — Two-WaytEmergency Communication Systems, Section 35.

nterconnected two-way emergency communication system shall have the capa
barately for emergency, and trouble conditions, as applicable.

interconnected two-way emergency communication system located within the s
tocbe" installed such that the display annunciation at each unit can be si

b a life safety

ne Common
ems, Section

n-emergency data transmitted to the two-way emeérgency communication sysfem shall not

system shall

d to function

rmance and

bility of being

ame building
multaneously

observed for,

emergency and trouble conditions, as well as reset, or trouble silence actuation

originating at

any unit shall

be annunciated at each master control unit.

404 The time periods for processing and activation of signals between interconnected two-way
emergency communication system shall comply with 32.1.2 as applicable.

40.5 The programming of remote communications stations, and attendant notification appliances of the
interconnected/networked two-way emergency communication systems shall comply with Software,
Section 38.

40.6 The operation of relays or other modules providing emergency, or trouble output signaling shall
operate as described for one of the following categories:

a) Common — Operates for all of the signals relative to its type (such as emergency, trouble).


https://ulnorm.com/api/?name=UL 2525 2020.pdf

JUNE 12, 2020

UL 2525

73

b) Zone — Operates for specific zone/circuit input signals (non-programmable).

c) Programmable — Operates for any signals for which it is programmed.

The function of the relay or output module shall be clearly defined in the installation wiring
diagram/instructions for the product.

OTHER TESTS

41 Electrical Ratings Test

411 Genetal

41.1.1 A loy-voltage circuit of a product shall comply with the limits specified in 3.12(8):

41.2 Powef input circuits

41.2.1 With the product energized from rated voltage and connected tosmaximum rated Ipad, the input
current of the product shall not exceed the marked rating of the product“when the produgt is operated
under all conditions of intended use.

41.2.2 Where the operating voltage of a product is specified” at two or more discret¢ values, the
requirement [n 41.2.1 shall be applied at each voltage rating.

41.2.3 Where the input to the product is specified as@a.voltage range, the input current ralng shall be a
single value that is equal to or greater than the measured input current obtained at any voltage within the
range.

41.3 Other|external circuits

41.3.1 All éxternal circuits shall be electrically rated to permit proper installation of the product using

wiring metho
any circuit sh

41.3.2 The
condition inc
any conditior

ds permitted by the National Electrical Code, ANSI/NFPA 70. The actual measu
all not exceed the rating for that circuit.

electrical rating™of a circuit shall indicate the maximum circuit voltage under
uding an gpen circuit and the maximum circuit current (or wattage for an audio p
of normal operation.

41.3.3 Wh
and a circuit

red values of

hny operating
roduct) under

a) The maximum fault current shall be indicated; or

b) The minimum size wire capable of handling the fault current shall be indicated.

re the circuit is not power limited as defined in the Power-Limited Circuits Test, Section43,
Fammmnmwwmmmm ' f freu i ng; either:

There shall be coordination between the maximum fault current and the overcurrent or current limiting
protection required in 14.4.

41.3.4 Output current measurements of either half-wave and full-wave rectifier circuits are to be based
on the average value of the waveform.
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42 Variable

421
input voltage

Voltage Operation Test

conditions described in 42.2 — 42.6, shall meet all of the following:

a) operate as intended,

b) operate without risk of fire or electric shock,

c) comply with the requirements of the Audio Performance Test, Section 52,

during all condition

maintained u

42.2 The pri

a) 110
to be ¢

b) 11(
voltag

c) 859
voltag

sourceg shall be disconnected.

bduct is to be subjected to the following variable voltage conditions:

% of the rated primary input voltage specified in Table 30.1. The secondary po
onnected to rated voltage.

% of the marked rated nominal standby battery voltage or rated secondary
b specified in Table 30.1. The primary input voltage is to be~disconnected.

o of rated primary input voltage specified in Table<30.1 or at some lower lev
e as specified in 34.2.1 — 34.2.4. The standby battery or, when provided, a secq

The product, when connected to maximum rated load as described in 30.2.2 and subjected to the

ver source is

power input

el of transfer
ndary power

d) 85% of the marked rated nominal standby.battery voltage or rated secondary|power input
voltage specified in Table 30.1. The primary input voltage is to be disconnected.
42.3 In condlucting the reduced voltage test, the'voltage is to be reduced by a means that will maintain a
stable potentigl of the required value under thie:most severe conditions of normal loading.
42.4 The rgduced voltage tests are/ta*be made with the maximum line impedance as indicated in the
installation wiring diagram connected to all external circuit(s).
42.5 The in¢reased voltagetests are to be made with zero line impedance in each external gircuit.
42.6 In those cases @vhere different components or units of a combination system obtain power from
separate soufces, each source is to be independently varied while the system is tested fpr its normal
operation.
42.7 A product intended to be used with a standby battery shall have sufficient capacity to maintain a

charged battery under all conditions of intended operation, including sufficient capacity to operate the
product with the battery disconnected or fully discharged. In any operating mode other than when the
product is in the emergency condition, the battery charger shall be capable of maintaining the battery in
the charged condition when the product input is at a maximum of 85% of rated voltage or at some lower
level of transfer voltage as determined according to 34.2.1 — 34.2.4.

42.8 A charged battery is defined as a battery having the capacity to maintain the product in the normal
and emergency conditions for the time period required in the Charging Current Test, Section 46.
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43 Power-Limited Circuits Test

43.1 General

43.1.1  All field-wiring circuits that derive energy from power sources connected to a control unit shall be
classified as a power-limited or non-power-limited circuit. A circuit shall be considered non-power-limited
unless otherwise identified in the installation documentation and marking on the product.

43.1.2 The power source (or sources) supplying a power-limited circuit shall be either inherently limited
requiring no overcurrent protection, or limited by a combination of a power source and overcurrent

protection devices such that a power-limited circuit has electrical characteristics as described in Table 43.1
for AC circuits-orTable-43.2 for DC circuits-

Table 43.1
Power limitations for AC circuits
Inherently limited power source (overcurrent Not inherently limited poyer source
protection not required) (overcurrent protection required)
0-20 over 20 -30 | over 30-100 0.— 20 over 20 -100 over 100 —
Circuit vojtage V,,.,° 150
Power limitatiofs VA5, (volt- - - - 250¢ 250 -
amps)
Current limitatigns |5, 5(@mps) 8.0 8.0 150/Vihax 100/V max 100/V max 1.0
Maximum overgurrent - - = 5.0 100/V ax 1.0
protection (amgs)
Power source || VA (volt-amps) 5.0 X Vax 100 100 5.0 X Vax 100 100
maximum
nameplate Current 5.0 100/V max 100/V max 5.0 100/V ax 100/V max
ratings (@amps)

8V max IS the ma

B VA ax is the
used. Current-|

© lnax is the ma
if used. If a tran
determined to i

4 If the power s

ximum output voltage regardless ofload'Wwith rated input applied.

aximum volt-ampere output after 4. min of operation regardless of load and with overcurrent protecti
miting impedance shall not belbypassed when determining |, and VA ax-

imum output current under any noncapacitive load, including short circuit, and with overcurrent prots
sformer limits the outputicurrent, I, limits apply after 1 min of operation. If a current-limiting imped3
e suitable for the purpose, is used in combination with a nonpower-limited transformer or a stored e
such as a storage battery to limit the output current, .., limits apply after 5 s of operation.

burce is a transformer, VA, is 350 or less when V., is 15 or less.

n bypassed if

bction bypassed
nce,
ergy source,

NOTE - Repro
Quincy, MA 021

69.

Huced in part from the National Electrical Code, ANSI/NFPA 70, copyright National Fire Protection A

sociation,

Table 43.2

Power limitations for DC circuits

Inherently limited power source (overcurrent
protection not required)

Not inherently limited power source
(overcurrent protection required)

(amps)

o 0-20 over 20 - over 30 — over 100 — 0-20 over 20 — over 100 —
Circuit voltage V,,° 30 100 250 100 150
Power limitations VA ,a,° - - - - 250¢ 250 -
(volt-amps)
Current limitations |4, 8.0 8.0 150/V max 0.030 100/V max 100/V max 1.0

Table 43.2 Continued on Next Page
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Table 43.2 Continued

Inherently limited power source (overcurrent
protection not required)

Not inherently limited power source
(overcurrent protection required)

0-20

o over 20 - over 30 - over 100 — 0-20 over 20 - over 100 —
Circuit voltage V5 30 100 250 100 150

Maximum overcurrent — - - — 5.0 100/V ax 1.0

protection (amps)

Power VA (volt- 5.0 x Vinax 100 100 0.030 x 5.0 x Vjax 100 100

source amps) Vinax

maximum 1 o rrent 5.0 100NV 100/V;a 0.030 5.0 100NV,ae  100N;a

nameplate

ratings (amps)

8V max I the mjximum output voltage regardless of load with rated input applied.

B VAo« is the maximum volt-ampere output after 1 min of operation regardless of load and with overcurrent grateétipn bypassed if
used. Current-limiting impedance shall not be bypassed when determining I,,.x and VA -

© Imax IS the maximum output current under any noncapacitive load, including short circuit, and with overcurrent protgction
bypassed if usgd. If a transformer limits the output current, |, limits apply after 1 min of operation {fa\Current-limiting impedance,
determined to He suitable for the purpose, is used in combination with a nonpower-limited transformer or a stored erjergy source,
such as a storafje battery to limit the output current, the limits apply after 5 s of operation.

4 If the power surce is a transformer, VA, is 350 or less when V., is 15 or less.

Quincy, MA 02369.

NOTE — Reprodluced in part from the National Electrical Code, ANSI/NFPA 70, copyright-National Fire Protection Agsociation,

43.1.3 Relagive to 43.1.2, acceptable means for current limiting include:

a) Trapsformer winding impedance,

b) Thgrmal link embedded within the winding overwrap of a transformer,

c) Cirquit components (resistors, regulators, transistors, and similar devices) which comply with the
temperature test under I, condition, and

d) Suifable current-limiting impedances (positive temperature coefficient varistor, and the like).

43.1.4 Relajive to 43.1.2, the/following are not acceptable means of current-limiting:

a) Cirguit component burnout;

b) Permanent©r replaceable fuses;

c) Opening of conductors on printed-wiring boards; and

d) Opening of internal wiring conductors.

43.1.5 The overcurrent protection device specified in 43.1.2 shall be of the non-interchangeable type
such that it cannot be renewed in the field with an overcurrent device having a higher current rating.

43.1.6  When conducting |,,,x and VA,.x measurements, all overcurrent protection devices of the control
unit are to be short-circuited. However, current-limiting devices are not to be bypassed and are to be
allowed to remain functional.

43.1.7 Where the product contains a float battery charger, V ax Inax, @nd VA,ax measurements are to be
conducted with both AC and battery connected to the product. If the product contains a battery transfer
relay or contains a trickle charge battery circuit, measurements of V. Imaxe @nd VA, .« are to be
conducted with the product first energized only from the AC power source and then repeated with the
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product energized solely from the battery. The battery used during these measurements is to have the
largest capacity as specified in the manufacturer's installation document.

43.1.8 The loads referenced in 43.2.1 — 43.4.1 shall be resistive.
43.2 Maximum voltage

43.2.1 With the product energized only from its rated primary power source, the output voltage of the
circuit under test is to be measured while the circuit is connected to full rated load and under open circuit
conditions. The maximum voltage recorded under these two conditions is to be considered V... Where

the product incorporates a secondary source of supply, the test is to be repeated W|th the product

energized sqgle s s
Vinax Value btamed from each power source is to be conS|dered separately when
requirementg of Table 43.1 or Table 43.2.

43.3 Maximum current

43.3.1 In order to determine compliance with the I, limitation, a variable load resistor
draw rated qurrent is to be connected across the circuit. The current through the load res
noted and the load removed. The resistance of the load shall then be incrementall
momentarily reconnected across the circuit while noting the current{and then removed. The
be repeated until a short-circuit condition is obtained. The loadesistor is then to be readjus
capable of pfoducing and maintaining a current equal to the.maximum permitted in Table 4

gnnected. The

applying the

initially set to
istor is to be
y decreased,
method is to
ted to a value
3.1 and Table

43.2. The logad resistor is then to be connected to the circuit and the current through the|
measured affer 1 min or after 5 s as determined from Tablé 43.1 or Table 43.2.

43.3.2 The
energized an
when the ou
continuously
momentary g

43.3.3 Whg

maximum current measurement issto' be the rms value for circuits that 3
d the peak value for circuits that pulse the output. The measurement of the time
[put is initially energized with thé)load specified in 43.3.1, and continues until
below the |, value indicated.in Table 43.1 or Table 43.2. The time period is t
eriod where the output current temporarily drops below the required I, value li

transformer burnout, a plot of Current versus time is to be generated and the graph extrapol

The results s
the |,y limitg

43.3.4 Whs
load resistor

atisfy the requitement of the test when the extrapolated value of |, at 1 min do
tions as indicated in Table 43.1 or Table 43.2.

re a transformer limits the value of |,,,,, and when |, cannot be maintained fof

load resistor

re constantly

period starts
the current is
o include any
mit.

1 min due to
ated to 1 min.
bs not exceed

re a tfransformer does not limit the current of |54, and when the maximum curre
cannot be maintained for 5 s due to current-limiting devices (opening of ther

|

nt through the
al link power

supply foldback,/PTC varistor effect, and similar devices) the current load resistor shall be [adjusted to a

value which will produce a current just above the |,,, value indicated in Table 43.1 or Table 43.2. The
results are in compliance when the |, value stated in Table 43.1 or Table 43.2 cannot be maintained for
more than 5 s.

43.4 VA,.. (not inherently limited circuits only)

43.4.1 In order to determine VA4« the product is to be energized from a rated source of supply and the
circuit under test open-circuited. A variable load resistor, initially set to draw rated circuit current, is then to
be connected across the circuit, the circuit voltage and current recorded, and the load removed. The
resistance of the load is then to be incrementally decreased, momentarily reconnected across the circuit
while recording the voltage and current, and then removed. This procedure is to be repeated until the load
resistance has been reduced to a short circuit. Using the recorded voltage and current, the volt-ampere
output under each load condition is to be calculated. The load resistor is then to be adjusted to that value
which produced the maximum volt-ampere calculated and then connected to the circuit. After 1 min, the
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voltage and current are again to be measured. The results of this test are acceptable if the calculated volt-
ampere output of the circuit after 1 min does not exceed the value specified in Table 43.1 or Table 43.2, as
appropriate.

44 Compatibility Tests
441 General

44.1.1 The interconnection of the product with other devices shall be evaluated for the purpose of
operating as a coordinated system relative to the intended signaling and without risk of fire, electric shock,
or injury to persons.

44.1.2 The|requirements in 44.1.1 apply to products connected to or providing circuits)|described in
44.2.1.1 — 4413.6, and by which the operating parts of the product are actuated for signaling apd/or action.

44.2 Attendant notification appliance circuits (NAC)
44.2.1 Rating

44211 All attendant notification appliance circuits of a produet ‘ahd power supply output circuits
intended to djrectly supply attendant notification appliance circuits'shall be identified by at legst one of the
rating designations shown in Table 44.1

Table 44.1
Voltage types andratings

Rating designation Voltage type Maximum RMS voltage|range limits
Regulated 12 DC DC 8-17.5
Regulated 24 DC DC 16-33
Regllated 12 FWR FWR 8-175
Regllated 24 FWR FWR 16-33
Regulated 120 AC AC 96 — 132
Regdulated 240 AC AC 192 — 264
Spetial application Any Rated
Note: FWR = ful-wave rectified

44.2.2 Voltage.measurement test

44221 While the product is energized at the voltage extremes described in the Variable Voltage
Operation Test, Section 42, the voltage of the circuit shall be maintained within the voltage range limits
shown in Table 44.1, under the maximum rated load conditions as indicated in the manufacturer’s
installation instructions.

44.3 Power output circuits

44.3.1 A circuit of a product that supplies only operating power to other system products shall be
identified in the installation instructions as being a regulated or a special application output. A regulated
output shall comply with 44.3.2 — 44.3.4 and shall have a single voltage rating. A special application output
shall comply with 44.3.5 and 44.3.6.



https://ulnorm.com/api/?name=UL 2525 2020.pdf

JUNE 12, 2020 UL 2525 79

44.3.2 The output voltage of a regulated circuit shall not exceed 110% of rated voltage when no load, or
a minimum load specified by the manufacturer, is connected to all output circuits of the product and while
the primary operating input voltage to the product is adjusted to 110% of rated value. Any secondary
operating power to the product is to be connected during this test.

44.3.3 The output voltage of a regulated circuit shall not be less than 85% of rated voltage when the
input operating voltage to the product is adjusted to 85% of rated value or to 1 V above the low-voltage
level transfer voltage as determined in accordance with 34.2.3, whichever is less. During this test, any
secondary operating power to the product shall be disconnected, all circuits of the product shall be
connected to maximum rated load (as determined at rated input voltage), and with maximum line

resistance connected to the circuit under test.

44.3.4 For
maintained

varied betw
described in

the regulated output circuit with the AC power disconnected and when the bat
en 85 — 110% of the nominal marked battery rating, under the circuit lo
14.3.2 and 44.3.3, respectively.

44.3.5 A pg
be identified
shall describ
powered by

44.3.6 The
of the specifi
load conditio
operating lim
tests in Secti

45 Compo

451 A prod
shall not read

a)Re
b) Ad

c) Ex

Exception: A

wer output circuit that has a voltage deviation greater than permitted in 44.3.2
in the installation instructions as "special application". In addition, the installatig
e by manufacturer's name and model designation, the specific appliance (s) ir
he circuit.

output voltage of a special application output shall‘'not deviate more than the o
ed appliance while the input voltage to the praduct is varied between 85 and 11
h (full or minimum circuit and product load, and zero or maximum series line res
its of an appliance are the voltage range ‘over which the appliance has been tes
bns 31 — 64, and the Variable Voltage Operation Test, Section 42.

hent Temperature Test

uct, when operated under.any normal condition of intended use and at maximu
h a temperature at any point high enough to:

sult in a risk of fire-gr.electric shock;
versely affectany materials in the product; or

ceed the-t€mperature rises at specific points as specified in Table 45.1 and Tablg

products using a standby battery, the same regulation (85 — 110% of (raling) shall be

ery voltage is
hd conditions

— 44.3.4 shall
n instructions
tended to be

berating limits
D% under any
istance). The
ed during the

m rated load,

45.2.

component with a temperature exceeding that indicated in Table 45.1 is not p

being used

rohibited from

hen rnlinhilify data at the highnr fnmpar:n‘l e is prn\/irlnd hy the manufacturerto

lustify its use.

Table 45.1
Maximum temperature rises — electronic components

Normal (i.e. any long term |
condition of operation or non-
emergency operating

Emergency condition (i.e. short
term operating condition),

condition),
Component or device °F (°C) °F (°C)
A. COMPONENTS
1. Capacitors? 45 (25) 72 (40)

Table 45.1 Continued on Next Page
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Table 45.1 Continued

Normal (i.e. any long term |
condition of operation or non-
emergency operating

term operating

Emergency condition (i.e. short

condition),

®In lieu of comy]
under the test g
Military Handbg
less than 0.5 fa

¢ The temperat
1) Not exce

a) 50%
normal
b) 75%
emerge
of the cf

For referen
of its rating

2) Not exce

a) For iptegrated circuits the component complies with'the requirements of MIL-STD 883H. For all other soli

lying with these temperature limits, a resistor shall not dissipate more than one-half of its mmaximum
pnditions specified or component reliability data based on actual performance in a similar.application
ok, Electronic Reliability Design Handbook, MIL-HDBK-338, or equivalent, such that the failure rate
lures per million hours of operation.

re of a solid-state device (such as a transistor, SCR, or integrated circuit) shall comply with one of th
bd the temperature limits specified in both (a) and (b):

of its rated junction temperature, or storage temperature when not rated for junction temperature, du
Condition and during any non-emergency signaling condition.

of its rated junction temperature, or storage temperature when fiot rated for junction temperature, un
hcy condition or any other short term condition of operation which produces the maximum temperaty
bmponent.

e purposes, 32°F (0°C) shall be determined as 0%. Fotdntegrated circuits, the loading factor shall n
under the normal condition and 75% under any condition of operation.

ed 100% of its rating under any condition of normal‘use and the component is subjected to one of thg

condition),
Component or device °F (°C) °F (°C)
2. Resistors®
Carbon 45 (25) 90 (50)
Wire-wound 90 (50) 225 (125)
Other 45 (25) 90 (50)
B. SOLID-STATEDEVICES SEeNotE (C)
2 In lieu of comglying with these temperature limits, a component reliability assessment specified in 45.1 shall be cenducted.

bower rating
, or the
s equal to or

e following:

ring the

der the
re dissipation

bt exceed 50%

b following:

il state devices

(such af diodes, transistors, SCR's, LEDs) the,component complies with the requirements of MIL-STD-750k.
b) A quality control program established by the-manufacturer consisting of inspection and testing of all pertinent
parameters of 100% of components eitheron an individual basis, as part of an assembly, or the equivalent.
c) Eachlassembled production unit is subjected to a burn-in test under the condition which results in the maxyimum
temperatures for 24 hr, while confiected to a source of rated voltage and frequency in an ambient of at least[120°F (49°C),
followed by an operation test fer'iormal signaling performances.
d) Component reliability ddta pased on actual performance in a similar application, or the Military Handbook|"Electronic
Reliabillty Design Handbeok, MIL-HDBK-338" or equivalent, such that the failure rate is equal to or less thar 0.5 failures
per millfon hours of epéeration.
Table 45.2
Maxi | | . — terial | | |
Materials and component parts °F (°C)
1. Varnished cloth insulation 108 (60)
2. Fuses:
a)Class G, J, L, and CC:
Tube 180 (100)
Ferrule or blade 153 (85)
b) Others 117 (65)
3. Fiber used as electrical insulation 117 (65)
4. Wood and similar combustible material 117 (65)

Table 45.2 Continued on Next Page
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Table 45.2 Continued

Materials and component parts °F (°C)
5. Any point on or within a terminal box on a permanently wired unit (see 67.1.9) 117 (65)
6. A surface upon which a permanently wired unit is mounted in service, and surfaces 117 (65)
that are adjacent to the unit when it is so mounted
7. Enclosure surfaces:
a) Surfaces subject to contact during intended use or maintenance:
Metallic 63 (35)
Nonmetallic 108 (60)
b) Other s .
Metall‘cdam 81 (45)
Nonmgtallic 126 (70)
8. Class 105 (fprmerly Class A) insulation systems on windings of relays, solenoids,
magnets, trandformers, and similar parts:
Thermocopple method 7 (65)
Resistanc¢ method 153 (85)
9. Class 130 (fprmerly Class B) insulation systems on windings of relays, solenoids,
magnets, trangformers, and similar parts:
Thermocopple method 153 (85)
Resistanc¢ method 189 (105)
10. Class 155 [nsulation systems on windings of relays, solenoids, magnets;
transformers, g@nd similar parts:
Thermocopple method 198 (110)
Resistanc¢ method 216 (120)
11. Class 180 ipsulation systems on windings of relays, solenoids, magnets,
transformers, gnd similar parts:
Thermocolpiple method 225 (125)
Resistanc¢ method 243 (135)
12. Phenolic cgmposition used as electrical insulation or as a part whose malfunction 225 (125)
is capable of re¢sulting in a risk of fireselectric shock, injury to persons or risk from
electrical-energy/high-current levels®:
13. Insulated cpnductors, appliance wiring material see note {
14. Sealing copound 72°F (22°C) less
than melting point
15. Printed-wirjng.board see note
2 The limitations or“phenolic composition and on rubber and thermoplastic insulation do not apply to compounds that have been
investigated and determined to meet the requirements for use at higher temperatures.
b 77°F (25°C) less than the established temperature rating of the wire.
¢ Temperatures on the surface of any printed-wiring board shall not exceed the temperature limits of the board.

45.2 All values for temperature rise apply to equipment intended for use with ambient temperatures
normally prevailing in occupiable spaces which usually are not higher than 77°F (25°C). When equipment
is intended specifically for use with a prevailing ambient temperature constantly more than 77°F, the test of
the equipment is to be made with the higher ambient temperature, and the allowable temperature rises
specified in Table 45.1 and Table 45.2 are to be reduced by the amount of the difference between that
higher ambient temperature and 77°F.

45.3 Temperature measurements on equipment intended for recessed mounting are to be made with the
unit installed in the intended manner on or against the black painted surface of an enclosure of 3/4 in (19.1
mm) wood such that the walls of the enclosure make a close fit with the product and extending
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approximately 2 in (50.8 mm) on the top, sides and rear, and the front extended to be flush with the
product cover.

454 A product shall be connected to a supply circuit of rated voltage. A product having a single
frequency rating is to be tested at that frequency. A product rated AC/DC or DC — 60 Hz is to be tested at
both direct current and 60-Hz alternating current. A product rated 25 — 60 Hz or 50 — 60 Hz is to be tested
on 50-Hz alternating current.

455 A product that is rated for use at more than one voltage or for a range of voltages shall be tested at

each supply voltage.

Exception: TH
the product is

45.7 For the purpose of prescreening, thermocouples consisting of wires-hot larger than 2

mm?) and nof
not prohibiteq
with 53.1is q

45.8 Tempeg
be used for g
(for example,
more than tw

459 Whene
of 30 AWG ((
thermocouple
Temperature
Standardized

4510 The
wherein the r
at a known te

hble combination of supply voltage and voltage adjustment.

e product is to be tested while connected according to the manufacturer's instr,
marked according to 67.1.22.

smaller than 30 AWG (0.05 mm?), and an infrared temperature probe or the eq

lestionable and, therefore, requiring the measurements indicated in 45.8.

ratures are to be measured by thermocouples<except the change-of-resistance
oil and winding temperatures where the coilis inaccessible for mounting of th
a coil immersed in sealing compound) orwhere the coil wrap includes thermal
b layers [1/32 in (0.8 mm) maximum in-total thickness] of cotton, paper, rayon, or|

ver temperature measurements by thermocouples are necessary, thermocoupl
.05 mm?) iron and constantar-wire and a potentiometer-type instrument are to
wire is to conform with thé.requirements in the Tolerances on Initial Values of
tables in the Standard, Specification and Temperature-Electromotive Force (en
Thermocouples, ANSI/ASTM E230/E230M.

femperature of\al copper coil winding is determined by the change-in-resista
esistance ofithe ' winding at the temperature to be determined is compared with t
mperaturedy means of the formula:

T

d contains a
fested at the

Lictions when

1 AWG (0.21
uivalent, are

from being employed to identify those components. ahd/or materials in which compliance

method shall
ermocouples
insulation or
the like.

bs consisting
be used. The
EMF versus
nf) Tables for

nce method,
e resistance

R
= (234.5+1)— 2345

in which:

T is the temperature to be determined in °C;

R is the resistance in ohms at the temperature to be determined;

r is the resistance in ohms at the known temperature; and

tis the known temperature in °C.

45.11

As it is generally necessary to de-energize the winding before measuring R, the value of R at

shutdown is to be determined by taking several resistance measurements at short intervals, beginning as
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quickly as possible after the instant of shutdown. A curve of the resistance values and the time is to be
plotted and extrapolated to give the value of R at shutdown.

45.12 The circuit of a current-regulating resistor or reactor provided as part of a product is to be adjusted
for the maximum resistance or reactance at rated load.

4513 Component temperature is to be determined while the product is operated under the following
conditions:

a) Normal condition (i.e. any long term condition of operation or any non-emergency operating
condition) until constant temperatures occurs. If the product is intended to charge standby
batteries, this test shall be conducted while connected to a discharged battery (as defined in 46.2.1

—46.2.5).

b) En
prodd
until g

nergency condition (i.e. any short term operating condition or emergeney signaling which
ces the maximum component temperature dissipation) under maximufm, rated Igad conditions
onstant temperatures occur.

45.14 A temperature is determined to be constant when three successivéreadings taken gt intervals of

10% of the p

4515 In
communicati

46 Chargir

46.1 Gene

46.1.1 This
products pro

46.2 Disch

46.2.1 The
85% of the m

46.2.2 The
the product i
disconnected

eviously elapsed duration of the test, but not less than 5-min intervals, indicate 1

h product having provision for multiple remote{ communications stations
bns stations s shall be actuated during the emergency condition.

g Current Test
al

test is to be conducted in conjunetion with the Component Temperature Test, S
ided with standby batteries.

larged battery

terminal voltage of\a battery discharged as specified in 46.2.2 — 46.2.5 shall no
arked nominal battery voltage.

battery jisfirst to be charged by applying AC input power to the product for 48 hr
5 to beeperated continuously with normal condition load connected. AC input
, and terminal voltage of the battery is to be measured one min after disconnect

o change.

all remote

ection 45, on

t be less than

during which
is then to be
on.

46.2.3 The battery is then to be discharged by maintaining the normal condition load connected to the
output for the applicable period specified in (a), (b), or (c):

a) 4 hr, where secondary (standby) power is intended to be used in conjunction with an automatic-
starting engine-driven generator;

b) 24

hr; or

c) A longer than 24-hr period as described in the installation document of the product.

46.2.4 For products which normally have no status change signaling operations during the discharge
period, the normal condition load shall be the quiescent current of the product plus any specified normal
condition power supply loads not automatically disconnected upon transfer to secondary power. For
products which will normally have status-change signaling occurring throughout the discharge period ( RF
repeaters) and which draw more operating current when signaling then while in the quiescent mode, the
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normal condition load shall be a steady state load equal to the signaling current of the product plus any
specified normal condition power supply loads not automatically disconnected upon transfer to secondary
power.

46.2.5 At the conclusion of the discharge period, the two-way emergency communication system
operating notification appliances used to signal the operator at the master control unit shall have the
maximum rated emergency condition load applied for 4 hours or any longer period as described in the
installation document of the product. The emergency condition load shall be the maximum configuration
including all remote communications stations in the active condition and all notification appliances used to
signal the operator at the master control unit in the signaling/alerting condition.

46.3 Charged battery

46.3.1 The
voltage meas|

46.3.2 At th
reapplied to t

condition loadl connected. At the conclusion of the 48-hr recharge time, AC power is to be

and battery tg

46.4 Discharged battery — second trial

46.4.1 The
after the batt
46.3.2.

47 Variable]
471 Gener
47.1.1 Atth
a)Ap
b) She
Excep

the hu

e
lry has been discharged as specified in 46.2.3 and 46.2.5 following charging a

terminal voltage of a battery charged as specified in 46.3.2 shall be at*leas
ured in 46.2.2.

e conclusion of the test sequence described in 46.2.2 — 46.2.5,"AC input pg
ne product for 48 hr. During charging, the product is to be operated continuousl

rminal voltage measured after one min.

95% of the

wer is to be
with normal
lisconnected

rminal voltage of a battery shall not be less than 85% of the marked nominal battery voltage

Ambient Temperature and Humidity Tests
Al

b test ambient conditions Specified in 47.2.1 —47.4.1:
roduct shall operate)in the intended manner for all conditions of intended use; an
[ meet the requirements of the Audio Performance Test, Section 52.

tion: Te'st ambients of 55 +3°F (13 £2°C) and 95 +3°F (35 £2°C) are permitted to
miditytest is not required to be conducted when all the following conditions are 1

5 specified in

o

be used and
het:

a) Th

H tollat: H 4 tH H=~ H to:
mrowdnnatulT Imiouruvuvurio miuieatlc.

1) That the equipment is to be installed in an environment constantly maintai
the ambient conditions indicated above; and

ned between

2) The heating and cooling systems for the controlled environment are supplied by a

standby power source capable of sustaining the systems for a minimum stand
hr.

b) The equipment is marked with the ambient temperature limitations.

by time of 24

47.1.2 The unit is to be energized from a source of rated voltage and frequency, and connected to
maximum rated load as described in 30.2.2.


https://ulnorm.com/api/?name=UL 2525 2020.pdf

JUNE 12, 2020 UL 2525 85

47.1.3 Where a product has a marked rated input voltage expressed in a range of values rather than a
single value, each test ambient is to be conducted with the unit energized at the voltage where the unit
consumes the maximum power.

47.2 Low temperature test

47.2.1  An indoor dry product (intended for indoor use/dry locations) shall operate as intended following
exposure to air at the lower of the following temperatures:

a) 32 +3°F (0 £2°C); or

b) The lowest ambient operating temperature specified in the product's marking.

47.2.2 The|unit is to be maintained in the normal condition at the test ambient until thermal equilibrium
has been regched (4 hr minimum).

47.3 High femperature test

47.3.1 A product shall operate as intended following exposure to air ‘at the higher of [the following
temperatures:

a) 120 +3°F (49 £2°C); or

b) The highest ambient operating temperature specifiechin the product's marking.

47.3.2 The|unit is to be maintained in the normal condition at the test ambient until thermal equilibrium
has been redched (4 hr minimum).

47.4 Humidity test

47.4.1 A product shall operate in the -intended manner after having been exposed for 24 hr to moist air
having a relative humidity of 93 +2% at'a temperature of 90 +3°F (32 +2° C). At the completion of the
exposure, while at the high humidity, the product is then to be operated for the conditions specified in
47.1.1.

48 Endurapce Test

48.1 Except as indicated in 48.2, the current-interrupting contacts and the operating megchanism of a
remote communications station shall perform as intended when subjected to the endurance conditions
specified in 48.3,"There shall not be electrical or mechanical malfunction of the remote communications
station, nor burning; pitting, or wefding of contacts:

48.2 The endurance test may be waived if the remote communications station uses a single-pole
switching device having an ampere rating of not less than twice the ampere rating of the remote
communications station.

48.3 A remote communications station is to be operated manually for 500 cycles of operation at the rate
of 6 cycles per minute. Each cycle is to consist of making and breaking 150 percent of the rated current
and at rated voltage.

48.4 The remote communications station is to be tested for which the contacts are intended to control.
Also:
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a) A remote communications station intended and marked for use on alternating current only is to
be tested with alternating current.

b) A remote communications station intended for use on direct current and a box not specifically

marke

d for alternating current only shall be tested with direct current.

¢) A remote communications station with a single voltage rating and a single current rating is to be

tested

at that voltage and current.

d) A remote communications station with multiple voltage ratings and a single current rating is to be

tested

e)Ar

at the highest voltage indicated and at the current indicated.

mote communications station with multiple current ratings is to be tested under

conditions of

maxini
altern
to be

49 Leakags

49.1 Where
current at any
part with an @
tested in accg

¢) 0.74

Exception: W
as intended,
following con

a) The
for a
&7’

b) Wit
in 49.1

c) The

um voltage, power, and current interrupted. If the box has different currer
ting current and direct current, the box is to be tested for each rating. Separate

Ised for testing at each different rating.

Current Test

a cord-connected product is powered by a source greaterthan 42.4 V peak
exposed surface, or between any accessible part and earth ground, or any oth
pen potential of greater than 42.4 V peak shall not bemore than the following
rdance with 49.2 — 49.8:

mA for an ungrounded (2-wire) portable or stationary;
mA for a grounded (3-wire) portable product;-and

b mA for a grounded (3-wire) stationary,

here an electromagnetic radiation’ suppression filter is necessary for the produl
the leakage current is to_not-be more than 2.5 mA when the product comp
itions:

product is providedwwith grounding means in accordance with the applicable
ord-connected proguct in Grounding for Products Containing High-Voltage Cir

h the filterlremoved from the product, the leakage current does not exceed the lin
[ (b) and (c), as applicable; and

proeddct is marked in accordance with 67.1.15.

t ratings for
samples are

the leakage
Br accessible
values when

ct to function
lies with the

requirements
tuits, Section

nits specified

49.2 With regard to the requirements in 49.1, leakage current refers to all currents, including capacitively
coupled currents that are capable of being conveyed between exposed conductive surfaces of the
equipment and ground, or between exposed conductive surfaces of the equipment.

49.3 Leakage currents from all exposed surfaces are to be measured to the grounded supply conductor
individually as well as collectively where exposed surfaces are simultaneously accessible, and from one
exposed surface to another where the exposed surfaces are simultaneously accessible. A part is
considered to be an exposed surface unless it is guarded by an enclosure determined to protect against
the risk of electric shock. Surfaces that can be readily contacted by one or both hands of a person at the
same time are determined to be simultaneously accessible. For the purpose of these requirements, one
hand is determined to be able to contact parts simultaneously when the parts are within a 4 by 8 in (102 by
203 mm) rectangle, and two hands of a person are determined to be able to contact parts simultaneously
when the parts are no more than 6 ft (1.8 m) apart.
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49.4 Where a conductive surface other than metal is used for the enclosure or part of the enclosure, the
leakage current is to be measured using a metal foil having dimensions of 3.94 by 7.88 in (10 by 20 cm) in
contact with the surface. Where the surface is less than 3.94 by 7.88 in, the metal foil is to be the same
size as the surface. The metal foil is not to remain in place long enough to affect the temperature of the
product.

49.5 The measurement circuit for the leakage current test is to be as illustrated in Figure 49.1. The
measurement instrument is defined in (a) — (c). The meter used for a measurement need only indicate the
same numerical value for the particular measurement as would the defined instrument. The meter is not
required to have all of the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohm resistive shunted by a capacitance of
0.15 |iF;

b) The meter is to indicate 1.11 times the average of the full-wave rectified compositg¢ waveform of
voltage across the resistor or current through the resistor;

c) Over a frequency range of 0 — 100 kHz, the measurement circuitry is to havg a frequency
respanse (ratio of indicated to actual value of current) that is equal to the ratio of the jmpedance of
a 1500-ohm resistor shunted by a 0.15 yF capacitor to 1500 ohm_)At an indication pf 0.5 or 0.75
mA, the measurement is to have an error of not more than 5% at80 Hz.
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Figure 49.1

Leakage current measurement circuits

PRODUCT METER

120V

% INSULATING
- TABLE

GROUNDED SUPPLY CONDUCTOR B
LC100

Product intended for connection to a 120-V power supply.

=
120V

2R0V <—

120V
=

St } ;E INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

LC200

Product intended for connection to a 3-wire, grounded neutral 120/240-V_power supply, as illustrated above.

TjoV_I

Jov S L
I i)

—J

N

INSULATIN(
—— TABLE

GROUNDEDSSUPPLY CONDUCTOR B
LE£300

Product intended for connectionite.a 3-wire, grounded neutral 120/240-V power supply, as illustrated above.
A — probe with shjielded lead:

B — Separated and used:as clip when measuring currents from one part of product to another.

NOTE — 120/240) \/ circdit also apply to 208Y/120 V supply.
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49.6 Unless the meter is being used to measure the leakage current from one part of a product to
another, the meter is to be connected between the accessible parts and the grounded supply conductor.

49.7 Systems of interconnected equipment with individual connections to primary power shall have each
piece of equipment tested separately. Systems of interconnected equipment with one common connection
to primary power shall be treated as a single piece of equipment. Equipment designed for multiple
(redundant) supplies shall be tested with only one supply connected.

49.8 A sample of the product is to be tested in the as-received condition initially with all switches
indicated below closed, but with its grounding conductor, when provided, open at the attachment plug. A
product that has not been energized for a minimum of 48 hr prior to the test, and that is at room

temperature

is determined to be in the as-received condition. The supply voltage is to be

he maximum

voltage marK
than 120 or 2

a) Wi
to be

their pormal operating positions;

ed on the product, in accordance with 30.1.3 or shall be as described in 45:9
40 V. The test sequence (with regard to Figure 49.1) is to be as follows:

h switch S1 open, the product is to be connected to the measuring cireuit. Leak
measured using both positions of switch S2, and with the product switching de

, but not less

age current is

vices in all of

b) Swiitch S1 is then to be closed, energizing the product, and within‘5 s the leakage cprrent is to be
measpred using both positions of switch S2 and with the préduct switching devicgs in all their
normII operating positions;
c) Leakage current is to be monitored until thermal stabilization occurs. Both position$ of switch S2
are tp be used in determining this measurement:.JThermal stabilization is to be| obtained by
operdtion of the product as in the Component Temperature Test, Section 45.
50 Jarring|Test
50.1 A remote communications station shall withstand jarring resulting from impact and vibration as
described in p0.2 without:
a) Repulting in a risk of shock ‘er/fire hazard;
b) Capsing false signaling.operation of any part; and
c) Impairing the subsequent intended operation.
50.2 The pfoduct.is to'be mounted as intended to the center of a 1.8- by 1.2-m (6- by 4-ft) hominal 19.1-
mm (3/4-in) thick plywood board secured in place at four corners. A 4.08 J (3 ft-Ib) direct impact is to be

applied to th

b center of the reverse side of this board by means of a 535 g, 51-mm diamete

+ (b ~f 7 N LA £\ =

- steel sphere

SWUng thrOU3h d VUI Idu:ulll darv fIUIII [=} hC;UhL

v i~ L H ||
\II, U T rJiarmni \L.\}"I‘ IL}. LAl qulU JUL T
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Figure 50.1

Jarring test

Steel Sphere
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51 Transient Tests
51.1 General

51.1.1 Whil¢ energized from a séurce of supply in accordance with Table 30.1, a product shall:
a) Not{generate an emergency condition;
b) Not|generate troubles

¢) Not|reset.during an emergency condition;

d) Exgerience no electrical or mechanical failure of any components of the product;

e) Operate as intended following the test;

f) As appropriate, retain required stored memory (such as date, type, and location of a signal
transmission) within the unit; and

g) Shall meet the requirements of the Audio Performance Test, Section 52, following the test
when subjected to the tests described in 51.2.1 — 51.4.3.

Exception No. 1: Annunciation of a trouble signal that, either automatically restores or is manually
resettable through the operator interface, is acceptable during the internally induced and field-wiring
transient tests.

Exception No. 2: Supplemental information stored within the product is not required to be retained during
any of the transient tests.
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51.2 Externally-induced supply-line transients

51.2.1 A product intended to be powered from commercial AC shall be subjected to supply line
transients induced directly between the power supply circuit conductors of the equipment under test.

51.2.2 For this test, the product is to be connected to a transient generator capable of producing the
Location Category A 100 kHz Ring Wave transients as defined in Recommended Practice on Surge
Voltages in Low-Voltage AC Power Circuits, ANSI/IEEE C62.41.

51.2.3 The product is to be subjected to 500 transient pulses induced at an average rate of 3 pulses
every min. A total of 250 pulses are to be applied so that the tranS|ent is induced 90° into the positive
phase with reference-to-s to be induced

90° into the
each polarit
the product i

egatlve phase W|th reference to earth ground of the 60 Hz cycle Of the total
225 are to be applied with the product in the normal condition and 25 areto’bg¢
the emergency condition.

51.3 Internally-induced transients

51.3.1 The
thatis to be i
more than si
source config

product is to be energized in the intended supervisory condition from a rated so
hterrupted a total of 500 times. Each interruption is to be for-approximately 1 s g

interruptions per min. The test is to be conducted for.each different type of sec
uration described in the installation document such-as‘internal battery charging

to a separate battery charger. Where the system configuration involves two or more produ

their own A
simultaneoug

51.4 Input/

5141 The
accordance

Exception: A
be subjected

51.4.2 For
following tab
output circuit

C input, the test is to be conducted by momentarily interrupting the input tg
ly.

output (low-voltage) field-wiring transients

product is to be energized in the)normal condition while connected to a sourc
vith Table 30.1. All field-wiring!circuits are to be tested as specified in 51.4.2 and

P50 pulses at
b applied with

irce of supply
t a rate of not
ondary power
or connection
tts, each with

all products

e of supply in
51.4.3.

circuit or cable that interconnects equipment located within the same room is n
to this test.

this test, each“output circuit is to be subjected to the transient waveforms sp
e, as delivered into a 200-ohm load. The transient pulses are to be coupled din
conductors of the equipment under test.

ot required to

ecified in the
ectly onto the

Peak voltage.level, Minimum energy level, Minimum pulse duration, Figute No.
V J s [

2400 1.0 80 Figure 51.1

1000° 0.31 150 Figure 51.2

5002 0.10 250 Figure 51.3

100 0.011 1120 Figure 51.4

@ Other applied transients having peak voltages representative of the entire range of 100 — 2400 V shall be used in lieu of these
values when the output circuit is only designed specifically to protect against these predetermined values. The transients shall
meet or exceed the specified minimum pulse duration (Figure 51.5) and minimum energy level (Figure 51.6) parameters, and shall
have an equal or faster minimum transient pulse rise time than that specified in Figure 51.7.
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Figure 51.1
Signal line transients — 2400V curve
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Figure 51.2

Signal line transients — 1000V curve
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Figure 51.3

Signal line transients — 500V curve

50

100

150
Time-50 us/Div.

200

250

300



https://ulnorm.com/api/?name=UL 2525 2020.pdf

JUNE 12, 2020

UL 2525

95

Figure 51.4

Signal line transients — 100V curve
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Figure 51.5

Minimum transientpulse duration vs. transient peak voltage
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1.2

0.8

0.6

0.4

Minimum Transient Energy Level, Joules

0.2

S5064A

Figure 51.6

Minimum transient energy level vs. transient peak voltage
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Figure 51.7
Minimum transient pulse rise time vs. transient peak voltage
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51.4.3 Each conductor of a circuit is to be-subjected to 40 transient pulses induced at t

pulses per mjin as follows:

a) Twenty pulses (four at the 2400 peak voltage level and two at each of the other tra
leveld specified in 51.4.2).between each lead or terminal and earth ground, consisting

of ong polarity, and tenlofithe opposite polarity; and

b) Twenty pulses«(four at the 2400 peak voltage level and two at each of the other tra
leveld specified\in-51.4.2) between any two circuit leads or terminals consisting of ten

polarity andten’pulses of the opposite polarity.

52 Audio Rerformance

he rate of six

nsient voltage
of ten pulses

nsient voltage
pulses of one

52.1 General

52.1.1 Each system shall be tested to verify audio performance for audio paths between:

a) Remote Communications Stations to Master Control Unit.

b) Master Control Unit to Remote Communications Station.

52.1.2 The system shall be configured and loaded to provide rated output conditions, as specified by the
manufacture, such that the minimum required output sound pressure, as required by 52.2 is achieved.

52.1.3 The equipment under test shall be configured with worst case impedance and equipment loading

of the system.
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52.1.4 The audio performance tests requirements utilize acoustic testing which include speakers and

microphones

(as provided) in the audio paths, and include:

a) Sound Output;

b) Frequency Response;

c¢) Total Harmonic Distortion (THD+N).

52.1.5 Acoustic test signal shall utilize pink noise, or discrete or sweeping sine waves as required by
in52.2-52.4.

specific tests

52.1.6 Aco
52.1.11.

52.1.7 Test

a) Am
(A) SH

b) The

c) Wh
provid
levels

d) Du
acous

e) The
onar

semi-anechoic room.

f) Han
appro

conditions shall meet the following requirements:

bient noise in the environment used to induce acoustic test signals’shall not €
L in an anechoic chamber or semi-anechoic location.

environment used to measure acoustic test signals shall ytilize an anechoic chd

bre devices under test have adjustable volume, the yolume shall be set to the op
ed by the manufacture (rated volume levels) such<hat the minimum required
are obtained.

ring acoustic tests, Master Control Units™and Remote Communication Stati
ically isolated from each other.

gid plywood surface, no less thén 20cm larger than the DUT, and placed in ar

dsets shall be in a fixed\position and tightly coupled to an artificial ear or artific
briate.

flby 52.1.7 —

xceed 40 dB
mber.
timal level as

sound output

bns shall be

device under test (DUT) is to be mounted or placed (as appropriate) in its intepded position

anechoic or

ial mouth as

g) A minimum of 3 sound pressure levels shall be integrated (averaged) over a minimum 30-

secon

52.1.8 For
couple signal

d period.

Master, Control Units that employ a handset an ear simulator shall be used tg
5 the earpiece of the handset under test to the test equipment

acoustically

NOTE: An exampl€ of a suitable ear simulator 1s Bruel and Kjaer model 4185.

52.1.9

For speakers used for hands free listening at the Master Control Units and Remote

Communications Stations a microphone shall be used to monitor the audio from the unit under test. The

microphone s

hall be mounted on axis to the speaker.

52.1.10 A mouth simulator shall be used to acoustically couple test signals to the microphone of the

following devi

ces to the test equipment:

a) Coupled directly to a Master Control Unit handset.

b) 10 cm from hands-free microphone the Master Control Unit.

¢) 10 cm hands-free microphone of Remote Communications Station.
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NOTE: An example of a suitable mouth simulator is Bruel and Kjaer model 4227.

52.1.11
follows:

Acoustic test signals shall utilize a sound pressure level from the mouth simulator calibrated as

a) Using pink noise, on the axis of the mouth simulator 25 mm away from the protection grid of the

mout

h simulator.

b) The axis of the microphone for calibration shall be oriented 90 degrees to the mouth simulator

axis.

¢) The sound pressure level from the mouth simulator shall be adjusted to an output of 96.3 dB

SPL /

52.2 Rated

52.2.1
minimum of

following con

a) At

b) At

Both

\Weiahting
—-eigtRg-

Sound Output

70db (A) SPL, at rated volume levels, utilizing an acoustic pink hoise test sig
ditions:

he simulated Ear for Master Control Units with a handset.

b distance of 1 meter on axis from the speaker for all‘hands-free units.

52.3 Frequency Response

52.3.1

under the fol

a) De

b) At

Both
frequency re

Master Control Units and Remote Communications Stations shall be capable
sponse, within the limits provided by Figure 52.1 utilizing an acoustic sine wa
lowing conditions:

he simulated Ear for Master'Control Units with a handset.

c) At a distance of 1 meter'on axis from the speaker for all hands-free units.

Master Control Units and Remote Communications Stations shall,be capable g

ivering the rated sound output ofthe system, with volume controls established i

f producing a
nal under the

bf maintaining
e test signal,

52.2.
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Figure 52.1

Frequency Response and Output Sound Pressure Level
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su0998
52.3.2 In dgtermining acceptability, the zero-decibel reference line may be shifted vertically|to determine
whether the gne-third octave response of-the system will fit between the upper and lower limits shown in
Figure 52.1.
52.4 Total Harmonic Distortion
52.4.1 Both[ Master Control Units and Remote Communications Stations shall not shall npt exceed 20

percent total harmonic distortion in the frequency range of 400 — 4000 Hz under the following

a) Util
4000

zing -@coustic sine wave test signals at 400, 800, 1000, 1250, 1600, 2000, 250
Hz.

conditions:

0, 3150, and

Note: when testing digital devices, or devices which have any internal digital processing, some of these frequencies should
be adjusted up to +1% so they do not coincide with the sampling frequency, typically 8000 Hz, or submultiples thereof. An
example would be to use a frequency between 990 and 1010 Hz instead of 1000 Hz to avoid measuring specific distortion

peak val

lues.

b) Delivering the rated sound output of the system, with volume controls established in 52.2.

c) At the simulated Ear for Master Control Units with a handset.

d) At a distance of 1 meter on axis from the speaker for all hands-free units.

53 Ignition

53.1
constructions

Test Through Bottom-Panel Openings

can be used when they comply with the test described in 53.2 — 53.5.

The bottom-panel constructions described in 6.9.1 — 6.9.3 are permitted without testing. Other
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53.2 Openings in a bottom panel shall be arranged and sufficiently small in size and few in number so
that hot flaming No. 2 furnace oil poured three times onto the openings from a position above the panel is
extinguished as it passes through the openings.

53.3 A sample of the complete, finished bottom panel is to be supported in a horizontal position a short
distance above a horizontal surface under a hood or in another area that is ventilated but free from drafts.
Bleached cheesecloth running 14 — 15 yd%/Ib mass (26 — 28 m?/kg mass) and having what is known to the
trade as "a count of 32 by 28" (a square 1 in on a side has 32 threads in one direction and 28 in the other
or square 1 cm on a side has 13 threads in one direction and 11 in the other), is to be draped in one layer
over a shallow flat-bottomed pan that is of a size and shape to cover completely the pattern of openings in
the panel but is not sufficiently large to catch any of the oil that runs over the edge of the panel or
otherwise does not pass through the openings. The pan is to be centered under the center of the pattern of

openings in

metal screer
from causing

53.4 A smd

whose longit

or 10 ml) of N

point of 110

the Standard

oil is to be ig

less than 0.0
from a posit

cheesecloth.

53.5 Fiven

piece and a

openings, ag

is to be mad

he panel. The center of the cheesecloth is to be 2 in (50 mm) below the ope
or wire-glass enclosure surrounding the test area is recommended to keep
injury to persons.

Il metal ladle not more than 2-1/2 in (65 mm) in diameter, with a pousing lip and
Lidinal axis remains horizontal during pouring, is to be partially filled with 0.34 oU
lo. 2 fuel oil, which is a medium-volatile distillate having a minimam API gravity
- 190°F (43.3 — 87.7°C), and an average calorific value 0f.136,900 Btu/gal (38§
Specification for Fuel Oils, ASTM D396. The ladle containing the oil is to be h
hited. The oil is to flame for 1 min and then is to be poured at the approximate r
34 ounces (1 cm3/s or 1 mL/s) in a steady stream onto the center of the patter
on 4 in (100 mm) above the openings. It js«to' be observed whether the ¢

hin after completion of the pouring of the oil, the cheesecloth is to be replaceq
second 0.34-ounce (10-cm?® or 104mL) ladle of hot flaming oil is to be poy
ain to be observed whether the cheesecloth is ignited. Five min later, a third idg

nings. Use of
splattering oil

a long handle
nces (10 cm?®
bf 30°, a flash
.2 MJ/L); see
pated and the
bte of, but not
n of openings
il ignites the

with a clean
red onto the
ntical pouring
gnited during

T. The openings do not comply with the requirement in 53.1 if the cheesecloth is
e

any of the thijee pourings.

54 Dielectric Voltage-Withstand Test

54.1 A prodluct shall withstand for 1 min without breakdown, the application of an essentiglly sinusoidal
AC potential|of a frequeney within the range of 40 — 70 Hz, or a DC potential, between live |parts and the
enclosure, between live)parts and exposed dead-metal parts (see 54.2), and between live parts of circuits
operating at different potentials or frequencies (see 54.3). The test potential is to be:

a) For cirouits rated 30 V AC rms (42.4 V DC or AC peak) or less — 500 V AC (707
pote ialtds. ||cnr’l);

, when a DC

b) For circuits rated greater than 30 and equal to or less than 150 V AC rms (42.4 and 212V DC) —
1000 V AC (1414 V, when a DC potential is used);

c) For circuits rated more than 150 V AC rms (212 V DC) — 1000 V AC plus twice the rated voltage
(1414 V plus 2.828 times the rated AC rms voltage, when a DC potential is used).

See 54.4 —54.6.

54.2 Exposed dead-metal parts are non-current-carrying metal parts that are capable of becoming
energized and are accessible from outside of the enclosure of a product.

54.3 For the application of a potential between live parts of circuits operating at different potentials or
frequencies, the voltage is to be the applicable value specified in 54.1 (a), (b), or (c), based on the highest
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voltage of the circuits under test. Electrical connections between the circuits are to be disconnected before
the test potential is applied.

54.4 Where the charging current through a capacitor or capacitor-type filter connected across-the-line, or
from line-to-earth ground is sufficient to prevent maintenance of the specified AC test potential, the
capacitor or filter is to be tested using a DC test potential in accordance with 54.1.

54.5 The test potential shall be obtained from any convenient source having sufficient capacity to
maintain the specified voltage. The output voltage of the test apparatus is to be monitored. The method of
applying the test voltage is to be such that there are no transient voltages that result in instantaneous
voltage being applied to the circuit exceeding 105% of the peak value of the specified test voltage. The
applied potential is to be:

a) Inc
5s; an

eased from 0 at a uniform rate so as to arrive at the specified test potential ina
d then

pproximately

b) Maintained at the test potential for 1 min without an indication of a breakdown.

Manual or aufjomatic control of the rate of rise is not prohibited.
54.6 A print
being damag
before the tes

bd-wiring assembly or other electronic circuit component that is capable of short
bd by) the test potential, is to be removed, disconneCted, or otherwise rendere
t. A representative subassembly is then to be testéd instead of an entire unit.

-circuiting (or
d inoperative

55 Abnormpal Operation Tests

55.1 General

55.1.1 When the conditions of intended operation are not representative of all condition
service, a prdduct shall not present a risk .of fire, electric shock, or injury to persons when op
such abnormal conditions.

55.1.2 Confinuous operation, malfunction of components, shorting of output circuits, failu
fans, and likely misuses of the/preduct are examples of conditions to be simulated during thg
section.

55.1.3 Durifg the tests-a single layer of bleached cheesecloth, fabricated at 14 — 15 yd?

5 possible in
erated under

re of cooling
e tests in this

to the pound

(26 — 28 m?/lp) and.having a thread count of 28 by 32, is to be draped loosely over the enfire unit. The
product is to pe_connected to a power supply as indicated in 30.1.3 and connected in series with a non-
time-delay fuse_of the maximum current rating of the branch circuit. Opening of the fus¢ before any
condition of risk of fire or elecirical shock results is considered as meeting the intent of the requirements.
The enclosure, when metallic or employing dead-metal parts, shall be connected to ground either through
a fuse rated to correspond to the input rating of the unit or 3 amp, whichever is less. Only one abnormal
condition is to be simulated at a time.

55.1.4 During these tests, all fuses which are field-renewable by the user and are of an interchangeable
type shall be replaced by a fuse of the same size and voltage rating using the highest available current
rating for that size. Opening of the fuse before any condition of risk of fire or electrical shock results
satisfies the requirement of the test.

Exception: Fuses need not be replaced when the product employs marking identifying the need for using
the indicated fuse(s) located so that it is obvious as to which fuse or fuseholder(s) the marking applies and
where readily visible during replacement of the fuse (s). A single marking is acceptable for a group of
fuses. The marking shall comply with 67.1.25 and shall consist of the word “CAUTION” and the following
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or equivalent text: “For continued protection against risk of fire, replace only with same type and rating of

fuse”.

55.1.5 All abnormal conditions are to be continued until ultimate results are obtained, such as burnout or
stabilization of temperatures.

55.1.6 Compliance with the tests specified in this section is met when all of the following occurs:

a) There is no ignition or charring of the cheesecloth indicator (charring is deemed to have
occurred when the structural integrity of the threads has been destroyed due to the temperature

rise);

b) Th

c¢) Immediately following these tests, the product complies with:

55.2 Operd

55.2.1
continuously

55.3 Field-

55.3.1 Eag
individually o

55.3.2 The
introduced w

55.4 Electrionic components

55.4.1 Al
circuit diagrg

e fuse from the enclosure to ground does not open;

1) The Dielectric Voltage-Withstand Test, Section 54, within 1 minof'the con
test, or

2) The Leakage Current Test, Section 49, when it is not practical to conduct
voltage-withstand test due to numerous components eleetrically connected ]
chassis or ground.

tion

in any condition of normal use possible without risk of fire, electric shock, or inju
wiring circuits

h output circuit of the produet to which field wiring is intended to be conne
pened or shorted.

test condition in 55:3.1 shall be applied one at a time. The abnormal cond
hile the equipment is' operating in any condition of normal use.

ircuitzecomponents located in a high-voltage circuit shall be examined using t

clusion of the

the dielectric
p the product

A product that normally would only be operated’for a limited time shall be capabl¢ of operating

'y to persons.

cted is to be

ition shall be

he equipment

ms..and component specmcatlons to determlne those faults that can occur. E

short-circuitsle

Fxamples are
mg continuous

dissipation in reS|stors deS|gned for |nterm|ttent d|SS|pat|on and mternal faults in mtegrated circuits
causing excessive dissipation. The product shall then be operated during each of the fault conditions until
constant temperature or burnout occurs.

Exception No. 1: Components do not require testing when located in circuits meeting one of the following
conditions:

a) Where the circuit current is limited by 10,000 ohm or more of series impedance in a circuit in
which the voltage is 125 V or less;

b) Where the circuit current is limited by 20,000 ohm or more of series impedance in a circuit in
which the voltage is greater than 125 V but is not greater than 250 V;

c) When the power source supplying the circuit is power limited as specified in Table 43.1 or Table
43.2; or
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d) Circuits or devices that have been evaluated for use in high-voltage circuits, such as EMI Line
Filters.

Exception No. 2: A resistor, an inductor, or an optical isolator is not required to be subjected to this test.

55.4.2 The faults referenced in 55.4.1 shall be applied one at a time. Short circuits shall be applied only
between two terminals of a multi-terminal device at one time. Simulated circuits are also capable of being
used for high-voltage circuit abnormal tests. But when the tests performed on simulated circuits indicate
likely damage to other parts of the equipment to the extent that the safety of the equipment is capable of
being affected, the tests shall be repeated in the equipment. The abnormal condition shall be introduced
while the equipment is operating under intended conditions. This is to be accomplished by jumper leads

and remote s

itches with consideration given to the effect these devices have on the test

56.4.3 Thre

Exception: If
occur, the tes

5544 Whe
new compon

b tests of each combination, using untested components for each test, shalhbe ¢

hnalysis of the test results and circuit indicate that the result obtained)is’the onl)
[ need be conducted only once.

n the circuit is interrupted by opening of a component, the testis to be repeateq
ents when required. When a printed wiring board trace opens, the gap is to b

onducted.

one likely to

twice, using
e electrically

shorted and {
occurrence of

he test continued until ultimate results occur, and the'\procedure is to be repeated for each
a trace opening.

Exception: A
repeated.

fter opening of an internal overcurrent protective device, the test is not required to be

55.4.5 The {est of 55.4.2 is to be continued for 1 hf,or until one of the following conditions ocgurs:

a) Ignition or charring of the cheeseclath indicator (charring is deemed to have occurfed when the

structyral integrity of the threads has.béen destroyed due to the temperature rise); or

b) Fuge from the enclosure to ground does opens.

that such a

)

When, at thg end of 1 hr, noseondition described below has occurred, and it is indicated
condition is imminent, the testisto be continued until ultimate results are obtained (usually 7 |

=4

55.4.6 Immediately following each fault described in 55.4.3, within one min of the conclusign of the test,

the product shall bessubjected to the Dielectric Voltage-Withstand Test, Section 54.

55.5 Coolin

g'fans and blowers

55.5.1 The product shall be operated under the condition which produces the greatest power dissipation
until constant temperature or burnout occurs with all cooling fans and blowers disabled.

55.5.2 The locked-rotor test is to be conducted on the product and operated with the rotor of each
cooling fan and blower motor locked.

Exception: Where a means of limiting the current is inherent in or provided as part of the device, these
features are to be given consideration when conducting the locked-rotor test. These features may be
external to the fan or motor and include, but are not limited to, the following:

a) Nonresettable thermal elements that are integral with fan or motor windings;

b) Wire-wound, or other types of resistors that limit the load current;
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