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UL Standard for Safety for Ducted Heat Recovery Ventilators, UL 1812
Fourth Edition, Dated May 3, 2013

Summary of Topics

This new edition of UL 1812, includes the following:

1. Relocation of the component requirements from Appendix A into the body of the
standard

2. Updates to 14.1.7 and 14.1.8 to use thermoset-insulated conductors terminology

3. Revisions to remove “HACR type” from circuit breaker requirements as all circuit
breakers meet the requirements of HACR type

The new and/or revised requirements are substantially in accordance with Proposal(s) on this subject
dated September 28, 2012 and February 1, 2013.

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

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

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

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

The requirements in this Standard are now in effect, except for those paragraphs, sections, tables, figures,
and/or other elements of the Standard having future effective dates as indicated in the note following the
affected item. The prior text for requirements that have been revised and that have a future effective date
are located after the Standard, and are preceded by a "SUPERSEDED REQUIREMENTS" notice.

Documents

Document Sharing Hub

Provided by IHS under license with UL
- Licensee=North Carolina State Univ/5618801100
No reproduction or networking permitted without license from IHS Not for Resale, 12/07/2014 22:57:02 MST

Full documient details: UL 1812 2013


http://avadocuments2026.com/doc/ul-1812-2013
http://avadocuments2026.com/doc/ul-1812-2013

tr2 MAY 3, 2013 - UL 1812

No Text on This Page

Documents

Document Sharing Hub

Provided by IHS under license with UL
Licensee=North Carolina State Univ/5618801100
No reproduction or networking permitted without license from IHS Not for Resale, 12/07/2014 22:57:02 MST

Full document details: UL 1812 2013


http://avadocuments2026.com/doc/ul-1812-2013
http://avadocuments2026.com/doc/ul-1812-2013

MAY 3, 2013
1
UL 1812

Standard for Ducted Heat Recovery Ventilators

First Edition — April, 1990
Second Edition — April, 1995
Third Edition — October, 2009

Fourth Edition
May 3, 2013
This UL Standard for Safety consists of the Fourth Edition.

Comments or proposals for revisions on any part of the Standard may be
submitted to UL at any time. Proposals should be submitted via a Proposal
Request in UL's On-Line Collaborative Standards Development System (CSDS)
at http://csds.ul.com.

UL'’s Standards for Safety are copyrighted by UL. Neither a printed nor electronic
copy of a Standard should be altered in any way. All of UL’'s Standards and all
copyrights, ownerships, and rights regarding those Standards shall remain the
sole and exclusive property of UL.

COPYRIGHT © 2013 UNDERWRITERS LABORATORIES INC.

Documents

Document Sharing Hub

Provided by IHS under license with UL
Licensee=North Carolina State Univ/5618801100
No reproduction or networking permitted without license from IHS Not for Resale, 12/07/2014 22:57:02 MST

Full document details: UL 1812 2013


http://avadocuments2026.com/doc/ul-1812-2013
http://avadocuments2026.com/doc/ul-1812-2013

2 DUCTED HEAT RECOVERY VENTILATORS - UL 1812 MAY 3, 2013

No Text on This Page

Documents

Document Sharing Hub

Provided by IHS under license with UL
Licensee=North Carolina State Univ/5618801100
No reproduction or networking permitted without license from IHS Not for Resale, 12/07/2014 22:57:02 MST

Full document details: UL 1812 2013


http://avadocuments2026.com/doc/ul-1812-2013
http://avadocuments2026.com/doc/ul-1812-2013

MAY 3, 2013 DUCTED HEAT RECOVERY VENTILATORS - UL 1812 3
CONTENTS
INTRODUCTION
S Tt o1 7
2 GBNEIAl . 7
2.1 Units Oof MEeaSUIEMENT . . ... e e e e e 7
2.2 Undated referenCes . ... ..o 7
3 GlOS SN v it e 8
4 Installation and Operating INStrUCIONS . . ... ... .. e et 10
CONSTRUCTION
D COMPONENES oottt 10
B GBNEIAl . . o e 11
7 Attachment Plugs, Receptacles, Connectors, and Terminals ............... ... ... ciun... 12
8 Protection of Service Personnel . ....... .. 13
O ENCIOSUIES . . 14
0.1 GeNeral ... 14
9.2 Enclosure thickness . ... ... i 15
9.3 DOOIS @NA COVEIS ..ttt t et ettt et e e e e e e e e e e e 18
9.4 Field wiring SyStem CONNECHIONS . . ... ...ttt e e et 19
9.5 USEI SEIVICING . . o vttt et e e e e e e e e e e e e e 20
9.6 Electrical COMPONENTS . . ..ottt 21
9.7 Accessibility of uninsulated live parts, film-coated wire, and moving parts ............ 22
9.8 BOtOM ClOSUIE . . . e 27
9.9 Through-the-floor installation ........... .. . 30
10 Protection Against CorrOSION ... ..ttt e e e e e 31
11 Materials in Air-Handling Compartments . ........... it 31
12 Polymeric and Other Nonmetallic Materials ........... ... i, 32
120 GENEIAl ..ottt 32
12.2 Polymeric materials and enclosures . ........ ...t 33
12.3 Material classification .. ......... ... i 33
12.4 1gNItION SOUMCES . . ..t ittt et e et e e e e e e e e e e e e e e 34
12.5 Material applications . .. ... ... i 36
13 Power Supply CONNECHIONS .. .. o e e e e e e e e 36
13.1 Permanently connected applianCes ............oo i 36
13.2 Leads and terminals . ... ..ot 39
13.3 Cord-connected applianCes .. .....iii i 42
13.4 Power SUPPHES ..ot 44
14 Internal WINING . ..o oo e e e e e e e e e e 44
141 General ... 44
14.2 MethOds ... . 47
15 Separation Of CIFCUILS . . ... ot e e e e e e e 48
16 Bonding for Grounding . ... ...t 50
ELECTRICAL COMPONENTS
17 Mounting of COmMPONENTS . ...\ttt et 54
18 Printed WIriNg BOards . ... ..o 55
1O LIV PartS .ottt 55
20 Electrical INSUlating MatEIIAL . « . .+« e s v e e e s i et s s e e e et e et e e 55
Documents
Document Sharing Hub
Provided by IS under cense with UL Licensee=North Carolina State Univ/5618801100
No reproduction or networking permitted without license from IHS Not for Resale, 12/07/2014 22:57:02 MST

Full document details: UL 1812 2013


http://avadocuments2026.com/doc/ul-1812-2013
http://avadocuments2026.com/doc/ul-1812-2013

4 DUCTED HEAT RECOVERY VENTILATORS - UL 1812 MAY 3, 2013

21 Supplemental Insulation, Insulating Bushings, and Assembly Aids ........................ 56
22 Motors and Motor ProteCtion ... ...t 56
22.1 GeNEraAl ..o 56
22.2 Overload proteCtion . ... ..t 57
22.3 Short-CirCuit ProteCtioN ... ... .. it e 60
23 Motors For Use In Unattended Areas ..........viiiiie ettt 61
23,1 GENEIAl ..t 61
23.2 PerformancCe . ... ... 62
24 CaAPACIIOIS . .ttt et e e e 63
25 Circuit Breakers and FUSEhOIErS . ... ... o 63
26 Overcurrent Protection, General ... ......... i 64
27 Overcurrent Protection, High-Voltage Control Circuit Conductors ......................... 64
27.1 GeNeral ..o 64
27.2 Direct-connected high-voltage control Circuits ........... ... ..., 65
27.3 Tapped high-voltage control CirCuits . ...... ... .o 65
27.4 Overcurrent protective deVICES . .. ... ittt e 66
28 Transformer ProteCtion .. ... .. ...t 66
28.1 High-voltage transformer ... ... .. i 66
28.2 Low-voltage transformers . . ... ... 68
28.3 Overcurrent protective deVviCe .. ... ot e e 69
29 Switches and Controllers . ... ... ...t 70
B0 CONIIOIS ..ttt e 71
30.1 GEneral ..o 71
30.2 Electromechanical and electronic controls ............ ... i 72
30.3 Motor and speed CONLrolS .. ... ...t 72
30.4 Temperature CONIOIS . .. .. ..ttt e e e e e e 73
31 Valves (Electrically Operated) and Solenoids ......... ... 73
32 Light Sources and Associated COMPONENLS . . . ...ttt e e 73
33 SaAfely DEVICES ..ottt e 74
SPACINGS
BA GBNEIAl . ottt 74
PERFORMANCE
35 INStallation . ... 76
35.1 GeNeral . . 76
35.2 SUPPlY CONMNECHIONS . ..\ttt e e e e e e e e e e e e 78
35.3 Assembly, leveling, and adjustable features ............. ... ... i, 78
36 TSt VOIAGE ..ottt 78
37 INPUE TS . . ot 79
38 Normal Temperature TeSt . . . ...ttt e e e e e e e e 79
39 OVEMIOW TS .ottt 82
40 Motor Overload TeStS ... ... e e e 83
41 Switch OVerload Test ... ... e 84
42 Dielectric Voltage-Withstand Test . ... ... e e e e e 84
43 Insulation ReSISTANCE TS . . ...ttt e e e 85
44 Overvoltage and Undervoltage TestS ...ttt e et 85
45 Tests for Polymeric Materials . ... .. ..ot e 86
A5.1 GeNEral ..o 86
45.2 Flammability —5inch flame . ... ... . 86
45.3 Heat defleCtion TESE . . .. e s e e s et e e r e e e e 87
Documents

Document Sharing Hub

Provided by IHS under license with UL
Licensee=North Carolina State Univ/5618801100
No reproduction or networking permitted without license from IHS Not for Resale, 12/07/2014 22:57:02 MST

Full document details: UL 1812 2013


http://avadocuments2026.com/doc/ul-1812-2013
http://avadocuments2026.com/doc/ul-1812-2013

MAY 3, 2013 DUCTED HEAT RECOVERY VENTILATORS - UL 1812 5

45.4 Water absorption teSt . .. ... ot 87
A5.5 AIr-0VEN AQiNg .o\ ittt et et e e e e 87
45.6 Tensile-strength test .. ... . 88
45.7 Flexural-strength test .. ... . 88
45.8 120d IMPaCt teSt . .. oot 88
45.9 Tensile-impact teSt .. ... oo 89
45.10 IMPACTE 1St . ..\t 89
45.11 Volume resistiVity 1SS . . . ..ot 89
I g o] g el @ o U =] 90
A7 Starting TeSt .. oot 91
48 Overload Test — High-Voltage Transformer .......... ... ... . . i 92
49 Burnout Test — High-Voltage Transformer . ........... .. i e 92
50 Grounding Means Overload Test . ...ttt e e 93
51 CoNdeNSatioN TSt ...\ttt e 93
52 Leakage CUIment TeSt . ...ttt e e e e e e e e e e e e e 95
53 Continuity of Grounding CirCuit TeSt . .. ...t e 98
54 Humidity Conditioning TeSt . . . ..ottt e 98
55 Strain Relief Test . . ... 99
56 PUSh-BacK TSt ... it 100
57 Controls — End Product Test Parameters . ...... ...t e 100
B57.1 GeNeral . ... 100
57.2 Auxiliary CONtrols .. ... o 100
57.3 Operating controls (regulating controls) . ........... .ot 101
57.4 Protective Controls (limiting controls) . ...........o i 102
57.5 Controls using a temperature sensing deviCe ............c.cooiiiiiiineinenann.. 104

MANUFACTURING AND PRODUCTION TESTS

58 Production Line Dielectric Voltage-Withstand Tests ............. ... ... .. 104

59 Grounding ContiNUItY TeSt .. ... u it e e e e et e 105
MARKING

B0 NameEplate . ... o 105

Bl SUPPIEMENIANY . ..t 108

CONSTRUCTION — OUTDOOR-USE EQUIPMENT

B2 GENEIAl .. i 112
B3 ENCIOSUIE . et 112

B3.1 GENEIAl . .ttt 112

63.2 COorrosion ProteCtiON . ... ...ttt e e 112
64 Field-Wiring CONNECLIONS .. ...ttt e e e e e e e e e e 115
65 Internal WiriNg . . ... ot 115
66 Electrical Insulating Material .. ...... ... ... 115

PERFORMANCE — OUTDOOR-USE EQUIPMENT

B7 RAIN TSt . ittt 116

B7.1 GENEIAl . .ot 116

67.2 Permanently connected appliance . ............o i 116

67.3 Cord-connected applidanCes . . ... ...t 120

67.4 WALET TESISTIVITY . oy st ot s s e e s iee et g ee a o re ra e e et et e et e e e 121
Documents

Document Sharing Hub

Provided by IHS under license with UL
Licensee=North Carolina State Univ/5618801100
No reproduction or networking permitted without license from IHS Not for Resale, 12/07/2014 22:57:02 MST

Full document details: UL 1812 2013


http://avadocuments2026.com/doc/ul-1812-2013
http://avadocuments2026.com/doc/ul-1812-2013

6 DUCTED HEAT RECOVERY VENTILATORS - UL 1812 MAY 3, 2013

67.5 TesSt apparatus . . ... ... 122
B8 GaASKEL TOSIS . ittt 122
69 Metallic Coating ThiCKNESS TeSt ... ...ttt e e e 124

MARKING — OUTDOOR-USE EQUIPMENT

70 General

Documents

Document Sharing Hub
Provided by IHS under license with UL

Licensee=North Carolina State Univ/5618801100
No reproduction or networking permitted without license from IHS Not for Resale, 12/07/2014 22:57:02 MST

Full document details: UL 1812 2013


http://avadocuments2026.com/doc/ul-1812-2013
http://avadocuments2026.com/doc/ul-1812-2013

MAY 3, 2013 DUCTED HEAT RECOVERY VENTILATORS - UL 1812 7

INTRODUCTION
1 Scope

1.1 These requirements cover ducted heat recovery ventilators intended to remove air from buildings,
replace it with outside air, and in the process transfer heat from the warmer to the colder air. These units
are intended to be connected to duct systems that interconnect rooms or spaces within buildings for
exhausting the indoor air and/or distributing the outdoor air.

1.2 These requirements cover heat recovery ventilators rated at 600 volts or less, and intended to be
installed in ordinary locations in accordance with the National Electrical Code, NFPA 70. These units may
also include means for air filtration.

1.3 These requirements apply to heat recovery ventilators employing gas-, oil-, or gas-oil-fired or electric
resistance heating means. The requirements for the construction and performance of gas, oil, and gas-oil
burners, heat exchangers, electric resistance heaters, and components for the direct control of the
utilization of these heating means are to be those included in other applicable standards.

1.4 Heat recovery ventilators are intended for installation in accordance with the Standard for the
Installation of Air Conditioning and Ventilating Systems, NFPA 90A, and the Standard for the Installation
of Warm Air Heating and Air Conditioning Systems, NFPA 90B.

2 General
2.1 Units of measurement
2.1.1 Unless otherwise indicated, all voltage and current values mentioned in this standard are rms.

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

2.2 Undated references

2.2.1 Any undated reference to a code or standard appearing in the requirements of this standard shall
be interpreted as referring to the latest edition of that code or standard.
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3 Glossary
3.1 For the purpose of this standard, the following definitions apply.

3.2 BARRIER — A partition for the insulation or isolation of electrical circuits or isolation of electrical
arcs.

3.3 CONTROL, AUTOMATIC — A control in which at least one aspect is non-manual.

3.4 CONTROL, AUXILIARY — A device or assembly of devices that provides a functional utility, is not
relied upon as an operational or protective control, and therefore is not relied upon for safety. For
example, an efficiency control not relied upon to reduce the risk of electric shock, fire, or injury to
persons during normal or abnormal operation of the end product is considered an auxiliary control.

3.5 CONTROL, MANUAL — A device that requires direct human interaction to activate or rest the
control.

3.6 CONTROL, OPERATING — A device or assembly of devices, the operation of which starts or
regulates the end product during normal operation. For example, a thermostat, the failure of which a
thermal cutout/limiter or another layer of protection would mitigate the potential hazard, is considered an
operating control. Operating controls are also referred to as “regulating controls”.

3.7 CONTROL, PROTECTIVE — A device or assembly of devices, the operation of which is intended
to reduce the risk of electric shock, fire or injury to persons during normal and reasonably anticipated
abnormal operation of the appliance. For example, a thermal cutout/limiter, or any other control/circuit
relied upon for normal and abnormal conditions, is considered a protective control. Protective controls
are also referred to as “limiting controls” and “safety controls”.

3.8 CONTROL, TYPE 1 — The actuation of an automatic control for which the manufacturing deviation
and the drift (tolerance before and after certain conditions) of its operating value, operating time, or
operating sequence has not been declared and tested under this standard.

3.9 CONTROL, TYPE 2 — The actuation of an automatic control for which the manufacturing deviation
and the drift (tolerance before and after certain conditions) of its operating value, operating time, or
operating sequence have been declared and tested under this standard.

3.10 CONTROL CIRCUIT - the circuit that carries the electric signals directing the performance of a
controller. A control circuit does not carry the main power current.

3.11 CONTROLLER — A device or group of devices that governs power delivered to a motor or other
load in the equipment.

3.12 DIRECT-CONNECTED HIGH-VOLTAGE CONTROL CIRCUIT — A circuit that is supplied from a
branch circuit separate from a branch circuit that supplies other loads within the equipment. It is not
tapped from the load side of the overcurrent device(s) of the controlled circuit(s) within the equipment.

3.13 ENCLOSURE - That part of a unit which by itself or in conjunction with barriers reduces the risk
of contacting all or any parts of the unit that may otherwise present a risk of electric shock or injury to
persons and/or prevents propagation of flame initiated by electrical disturbances occurring within.

3.14 FUNCTIONAL PART — A part other than an enclosure or structural part that is necessary for the
intended operation of a unit.
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3.15 HIGH-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 600 volts and having
circuit characteristics in excess of those of a low-voltage circuit.

3.16 LOW-VOLTAGE CIRCUIT — A circuit involving a potential of not more than 30 volts alternating
current (42.4 volts peak) or direct current, and supplied by:

a) a primary battery,
b) a Class 2 transformer, or

c) a combination of transformer and fixed impedance which, as a unit, complies with all the
performance requirements for a Class 2 transformer.

A circuit derived from a high-voltage circuit by connecting resistance in series with the supply circuit as
a means of limiting the voltage and current is not considered to be a low-voltage circuit.

3.17 MANUAL RESET THERMAL PROTECTOR - A device that incorporates a bimetal that is
calibrated to open the motor circuit upon reaching a certain temperature and requires manual resetting
to reclose the motor circuit.

3.18 SECONDARY PROTECTION (BACK-UP) PROTECTION — A protector that does not operate
under normal running or locked rotor test conditions, without further stress applied to the motor by
increased winding temperature, ambient temperature, or voltage.

3.19 SINGLE-OPERATION DEVICE — A device that incorporates a bimetal that is calibrated to open
the motor circuit upon reaching a certain temperature and is resettable only by cooling to minus 35°C
(minus 31°F), or lower.

3.20 STRUCTURAL PART — A part used in such a manner that failure of the part may present a risk
of electric shock or injury to persons.

3.21 TAPPED HIGH-VOLTAGE CONTROL CIRCUIT — A circuit that is tapped within the unit from a
circuit supplying one or more loads that are not part of the control circuit.

3.22 THERMAL CUTOFF — A device that incorporates a melting alloy or other material that is
calibrated to permanently open the motor circuit upon reaching a certain temperature.

3.23 TOTALLY ENCLOSED MOTOR — A motor that is enclosed to prevent the free exchange of air
between the inside and outside of the enclosure for windings but not sufficiently enclosed to be airtight.
Drain holes are acceptable.
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4 Installation and Operating Instructions
4.1 Installation and operating instructions shall be furnished with units and accessories.
4.2 Instructions are to accompany each unit and accessory, either individually or with each shipment to
the installer. If the instructions for the unit do not cover a field installed accessory, instructions are to be
furnished with the accessory.
4.3 A copy of the installation and operating instructions or equivalent information is to be furnished with
the samples submitted for investigation for use as a guide in the examination and test of the unit. For this
purpose, the instructions need not be in final printed form.
4.4 The instructions shall include directions and information deemed by the manufacturer to be adequate
for the intended installation, maintenance, and use of the unit, including application information as to
mounting. Applicable information as to such quantities as air flow velocity and static pressure shall be
made available by the manufacturer.
4.5 If a unit having provision for connection of a fresh air discharge duct does not also have provision for
connection of an indoor air intake duct, or if the instructions indicate that an indoor air intake duct need
not be connected, the instructions should indicate that applicable installation codes may limit the unit to
installation only in a single story residence.
CONSTRUCTION
5 Components
5.1 A component of a product covered by this standard shall:

a) Comply with the requirements for that component;

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

c) Be used within its established use limitations or conditions of acceptability; and

d) Additionally comply with the applicable requirements of this end product standard.

Exception No. 1: A component of a product covered by this standard is not required to comply with a
specific component requirement that:

a) Involves a feature or characteristic not required in the application of the component in the
product,

b) Is superseded by a requirement in this standard, or

c) Is separately investigated when forming part of another component, provided the component
is used within its established ratings and limitations.

Exception No. 2: A component complying with a component standard other than those cited in this
standard is acceptable if:

a) The component also complies with the applicable component standard; or

b) The component standard:
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1) Is compatible with the ampacity and overcurrent protection requirements in the
National Electrical Code, NFPA 70, where appropriate;

2) Considers long-term thermal properties of polymeric insulating materials in
accordance with the Standard for Polymeric Materials — Long Term Property
Evaluations, UL 746B, and

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

5.2 Specific components are incomplete in construction features or restricted in performance capabilities.
Such components are intended for use only under limited conditions, such as certain temperatures not
exceeding specified limits, and shall be used only under those specific conditions.

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

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

5.4 A component not anticipated by the requirements of this standard and that involves a potential risk of
electric shock, fire, or personal injury, shall be additionally evaluated in accordance with the applicable
standard, and shall comply with 5.1(b) — (d).

5.5 With regard to a component being additionally evaluated, reference to construction and performance
requirements in another end product standard is appropriate where that standard anticipates normal and
abnormal use conditions consistent with the application of this standard.

6 General

6.1 A component of a unit intended to be manually operated or adjusted by the user or that will require
periodic servicing by the user, for example, replacement or cleaning, shall be accessible by use of
ordinary tools, or without the use of tools. See 6.2.

6.2 With reference to 6.1, ordinary tools are considered to be pliers, flat-bladed and cross-recessed head
(Phillips) screwdrivers, and hexagonal-recessed head screw (Allen) wrenches.

6.3 Other than as indicated in 6.4 and 6.5, a unit shall be completely assembled when shipped from the
factory.
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6.4 If the markings described in 61.8 are provided, a motor, a blower-drive package, a remote or unit
mounted control assembly, or a control to be mounted on the outside of the unit may be shipped from the
factory separate from the remainder of the unit.

6.5 A louvered panel or grille for indoor air intake or fresh air discharge intended to be installed as part
of a unit intended for built-in installation or an enclosure panel that is not required for every intended
installation of a unit may be shipped separately if:

a) the unit complies with the performance requirements without the panel or grille installed,
b) markings in accordance with 61.8 are provided, and
c) instructions provided describe installation of the panel or grille.

6.6 Any installation that requires the cutting of wiring or the soldering of connections by the installer is not
acceptable. Installations that require cutting, drilling, or welding, are not acceptable in electrical enclosures
and in other areas where such operations may damage electrical components and wiring within the
enclosure. In general, a distance of 6 inches (152 mm) from the opening is considered adequate to reduce
the risk of damage due to drilling or cutting, but other forms of protection may be acceptable.

6.7 A unit shall be so arranged that condensate from the heat exchanger will not wet uninsulated live
parts or film-coated wire.

6.8 A condensate pan shall be designed and located so that overflow due to a blocked drain will not wet
uninsulated live parts other than motor windings. See 6.9 and Section 39. Overflowing water also shall not
be retained within the enclosure containing electrical parts or wiring.

6.9 A suitably located overflow spout or cutout in the condensate pan may be acceptable for preventing
dripping of water on electrical parts.

7 Attachment Plugs, Receptacles, Connectors, and Terminals

7.1 Attachment plugs, receptacles, appliance couplers, appliance inlets (motor attachment plugs), and
appliance (flatiron) plugs, shall comply with the requirements in the Standard for Attachment Plugs and
Receptacles, UL 498.

Exception: Attachment plugs and appliance couplers integral to cord sets or power supply cords shall
comply with the requirements in the Standard for Cord Sets and Power-Supply Cords, UL 817, and need
not comply with the Standard for Attachment Plugs and Receptacles, UL 498.

7.2 Quick-connect terminals, both connectors and tabs, for use with one or two 22 — 10 AWG copper
conductors, having nominal widths of 0.110, 0.125, 0.187, 0.205, and 0.250 inch (2.8, 3.2, 4.8, 5.2, and
6.3 mm), intended for internal wiring connections in appliances, or for the field termination of conductors
to the appliance, shall comply with the requirements in the Standard for Electrical Quick-Connect
Terminals, UL 310.

Exception: Other sizes of quick-connect terminals shall be investigated with respect to crimp pull out,
insertion-withdrawal, temperature rise, and all tests shall be conducted in accordance with the
requirements in the Standard for Electrical Quick-Connection Terminals, UL 310.
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7.3 Single and multipole connectors for use in data, signal, control and power applications within and
between electrical equipment, and that are intended for factory assembly to copper or copper alloy
conductors, or for factory assembly to printed wiring boards, shall comply with the requirements in the
Standard for Component Connectors for Use in Data, Signal, Control and Power Applications, UL 1977.
See 7.8.

7.4 Wire connectors shall comply with the requirements in the Standard for Wiring Connectors, UL
486A-486B.

7.5 Splicing wire connectors shall comply with the requirements in the Standard for Splicing Wire
Connectors, UL 486C.

7.6 Equipment wiring terminals for use with all alloys of copper, aluminum, or copper-clad aluminum
conductors, shall comply with the requirements in the Standard for Equipment Wiring Terminals for Use
with Aluminum and/or Copper Conductors, UL 486E.

7.7 Terminal blocks shall comply with the requirements in the Standard for Terminal Blocks, UL 1059,
and, if used for field wiring connection they shall be rated for field wiring.

7.8 Female devices (such as receptacles, appliance couplers, and connectors) that are intended, or that
may be used, to interrupt current in the end product, shall be rated for current interruption of the specific
type of load, when evaluated with its mating plug or connector.

8 Protection of Service Personnel

8.1 An uninsulated high-voltage live part and a moving part within the cabinet shall be located, guarded,
or enclosed so as to reduce the risk of injury as the result of contact by service personnel performing
mechanical service functions that may need to be performed with the unit energized. See 8.2 and 8.3.

8.2 Mechanical service functions that may have to be performed with the unit energized include:
a) adjusting the setting of temperature controls with or without marked dial settings,
b) resetting the control trip mechanism,
c) operating manual switches, and
d) adjusting air flow dampers.
A factory set and sealed control is not considered to be adjustable.

8.3 The requirements in 8.1 are not applicable to mechanical service functions that are not intended to
be performed with the equipment energized. Such functions include opening of drain plugs, adjusting or
replacing drive belts, replacing components, and the like.

8.4 Other than as indicated in 8.5, an electrical component that may require examination, adjustment,
servicing, or maintenance is one of the following: a fuse, an adjustable or resettable overload relay, a
manual or magnetic motor controller, a magnetically operated relay, an adjustable or resettable
temperature controller, a manual switching device, a clock timer, and an incremental voltage-tap or
motor-speed-tap terminals for a variable-speed motor. Such a component in a low-voltage circuit shall
comply with the requirements in 8.1 in relation to an uninsulated live part in a high-voltage circuit and to
a moving part likely to cause a risk of injury to persons.
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8.5 Under certain conditions some of the components referred to in 8.4 are not required to be accessible
for service as follows:

a) a nonadjustable magnetic motor controller or a magnetically operated relay that is
inaccessible for service while energized because it is located behind subbases and the like and
is not visible when the access panel(s) is removed,;

b) an enclosed potential or current type single phase motor starting relay; and

c) an incremental voltage tap or a motor speed tap for a variable speed motor that requires
contact with a bare live part of the voltage or speed tap to effect the speed or voltage change,
such as an uninsulated screw or quick-connect terminal.

8.6 The following are not considered to be uninsulated live parts:

a) coils of controllers, relays, solenoids, and transformer windings, if the coils and windings are
provided with insulating overwraps,

b) enclosed motor windings,
c) terminals and splices with insulation, and
d) insulated wire.

9 Enclosures

9.1 General

9.1.1 An enclosure shall be so formed and assembled that it will have the strength and rigidity necessary
to resist the abuses to which it may be subjected without total or partial collapse in shipment, installation,
and use resulting in reduction of spacings, loosening or displacement of parts, or other defects.

9.1.2 An enclosure for an individual electrical component, an outer enclosure, and a combination of the
two are to be considered in determining compliance with the requirement in 9.1.1.

9.1.3 The enclosure of a unit shall be provided with means for mounting in the intended manner. Any
unique fittings necessary for such mounting shall be shipped with the unit. Other than as indicated in
9.1.4, a freestanding, floor supported unit need not be provided with mounting means. See also 9.9.2.

9.1.4 A unit designed for installation in a mobile home shall have provision for securing it in place.

9.1.5 The enclosure of a unit shall not have any projections likely to cause persons to trip when walking
near the unit after it is installed in the intended manner.

9.1.6 An outer cabinet is to be judged with respect to the size, shape, thickness of metal, and its
acceptability for the particular application. Sheet steel having a thickness of less than 0.020 inch (0.51
mm) if uncoated, or 0.023 inch (0.58 mm) if galvanized, or nonferrous sheet metal having a thickness of
less than 0.023 inch shall not be used except for relatively small areas or for surfaces that are curved or
otherwise reinforced.
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9.1.7 Among the factors that are taken into consideration when judging the acceptability of a polymeric
enclosure or an enclosure of magnesium are:

a) flame resistance,

b) mechanical strength,

C) resistance to impact,

d) moisture absorptive properties, and

e) resistance to distortion at temperatures to which the material may be subjected under
conditions of normal or abnormal usage.

For a polymeric enclosure all of these factors are considered with respect to aging. See Polymeric and
Other Nonmetallic Materials, Section 12.

9.2 Enclosure thickness

9.2.1 Sheet metal that serves as an electrical enclosure shall comply with Table 9.1 or 9.2, whichever
applies, except that if the:

a) location of the enclosure,
b) design and location of components, or

c) the strength and rigidity of the frame and enclosure are adequate to comply with 9.1.1, an
enclosure thinner than specified in Tables 9.1 and 9.2 may be employed. See 9.4.1.

Table 9.1
Minimum thickness of sheet metal for electrical enclosures — carbon steel or stainless steel

With supporting frame or equivalent
Without supporting frame @ reinforcing 2 Minimum thickness in inches (mm)
Maximum width, ® | Maximum length, ¢ [ Maximum width, ® | Maximum length,
Metal coated
inches (cm) inches (cm) inches (cm) inches (cm) Uncoated (MSG) (GSG)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.0204 (0.51) 0.023¢ (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) (24)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.0264 (0.66) 0.029¢ (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 125 (31.8) (22) (22)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.034 (0.86)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (20)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) (18)
18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) (16)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (63.5) 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) 0.070 (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)
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Table 9.1 Continued

With supporting frame or equivalent
Without supporting frame 2 reinforcing 2 Minimum thickness in inches (mm)
Maximum width, ® | Maximum length, ¢ [ Maximum width, ® | Maximum length,
Metal coated
inches (cm) inches (cm) inches (cm) inches (cm) Uncoated (MSG) (GSG)
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)

a 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 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:

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

2. a single sheet which is corrugated or ribbed, and

3. an enclosure surface loosely attached to a frame, for example, with spring clips.
b The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.
¢ For panels which are not supported along one side, for example, side panels of boxes, the length of the unsupported side
shall be limited to the dimensions specified unless the side in question is provided with a continuous flange at least 1/2 inch
(12.7 mm) wide.

d Sheet steel for an enclosure intended for outdoor use shall comply with the requirements for Outdoor Use Equipment.

Table 9.2
Minimum thickness of sheet metal for electrical enclosures — aluminum, copper, or brass
With supporting frame or equivalent
Without supporting frame 2 reinforcing 2

Maximum width P Maximum length ¢ Maximum width P Maximum length Minimum thickness
inches (cm) inches (cm) inches (cm) inches (cm) inches (mm) AWG

3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023¢ (22)

35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) (0.58)

4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (20)

5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 135 (34.3) (0.74)

6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (18)

6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (0.91)

8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (16)

9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) (1.14)

12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058 (14)

14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47)

18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (12)

20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) (1.91)

25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095 (10)

29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (2.41)

37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (8)

42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10)
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Table 9.2 Continued

With supporting frame or equivalent

Without supporting frame 2 reinforcing 2

Maximum width P Maximum length ¢ Maximum width P Maximum length Minimum thickness
inches (cm) inches (cm) inches (cm) inches (cm) inches (mm) AWG
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (6)

60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)

a 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 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 a rigid as one built with a frame of
angles or channels. Construction considered to be without supporting frame includes:

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

2. a single sheet which is corrugated or ribbed, and

3. an enclosure surface loosely attached to a frame, for example, with spring clips.

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

¢ For panels which are not supported along one side, for example, side panels of boxes, the length of the unsupported side
shall be limited to the dimensions specified unless the side in question is provided with a continuous flange at least 1/2 inch
(12.7 mm) wide.

d Sheet copper, brass, or aluminum for an enclosure intended for outdoor use shall comply with the requirements for Outdoor
Use Equipment.

9.2.2 With reference to 9.2.1(a), the surface of an enclosure that will be protected from damage, such as
by being mounted against a duct, may not be less than 0.020 inch (0.51 mm) if uncoated steel, not less
than 0.023 inch (0.58 mm) if galvanized steel, not less than 0.036 inch (0.91 mm) if aluminum, and not
less than 0.033 inch (0.84 mm) if copper or brass, unless a lesser thickness would be acceptable in
accordance with Tables 9.1 and 9.2.

9.2.3 With reference to 9.2.1(b), the surface of an enclosure may be:

a) two gage sizes less than indicated in Tables 9.1 and 9.2 if the electrical components are
located at least 2-1/2 inches (64 mm) from the surface, and

b) four gage sizes less if the components are located at least 5 inches (128 mm) from the
surface.

The thickness shall not be less than No. 24 MSG or GSG (steel) or 18 AWG (aluminum, copper, or brass)
unless a lesser thickness would be acceptable in accordance with Tables 9.1 and 9.2. An example of two
gage sizes less is No. 18 MSG instead of No. 16 MSG. An example of four gage sizes less is No. 20 MSG
instead of No. 16 MSG.

9.2.4 With reference to 9.2.1(c), consideration is to be given to the degree of deflection or distortion that
may affect the results contemplated by the requirements in 9.1.1.
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9.3 Doors and covers
9.3.1 Except as indicated in 9.3.2 and 9.3.3, the door or cover of an enclosure shall be hinged:

a) if it gives access to any fuse, circuit-breaker handle, or manually resettable lever of a
temperature control in other than a low-voltage circuit, and

b) if uninsulated live parts are exposed during the replacement of the fuse or resetting of the
manually resettable device.

Such a door or cover shall also be provided with an automatic latch or the equivalent, and, if live parts
other than the screw shell of a plug fuseholder are exposed inside the enclosure, shall be provided with
a captive screw or equivalent means, requiring the use of a tool to open, and to reliably secure the door
or cover in place. See 9.3.4 and 9.3.5.

9.3.2 A hinged cover is not required for a device in which the only fuses enclosed are:

a) control circuit fuses, provided the fuses and control circuit loads (other than a fixed control
circuit load, such as a pilot lamp) are within the same enclosure, or

b) an extractor type fuse with its own enclosure that is accessible without exposing live parts
other than a fuse contact of the fuseholder.

9.3.3 The removable portion of a fused pullout switch that complies with the requirements in 9.1.1 and
9.1.2,9.1.6 — 9.2.4, 9.3.7, and 9.3.8 is considered to be an acceptable cover for the fuseholder and need
not comply with the requirements in 9.3.1.

9.3.4 A spring latch, a magnetic latch, a dimple, or other mechanical arrangement that will hold the door
closed and would require some effort on the user’s part to open is considered to provide the "automatic
latching means” for holding the door closed as required in 9.3.1.

9.3.5 A cover interlocking mechanism that:

a) must be engaged in the closed position of the cover before any uninsulated live part is
energized, and

b) will secure the cover in the closed position, if provided as the sole means for securing the
door or cover closed, is considered to comply with the requirement for an automatic latch in
9.3.1.

9.3.6 A screw with a knurled and slotted head (for securing with a screwdriver) and that can be manually
turned is not acceptable as a required enclosure securing means.

9.3.7 A door or cover giving direct access to fuses in other than a low-voltage circuit shall shut closely
against a 1/4 inch (6.4 mm) rabbet or the equivalent, or shall have either turned flanges for the full length
of four edges or angle strips fastened to it. Flanges and angle strips shall fit closely with the outside of the
wall of the box proper and shall overlap the edges of the box no less than 1/2 inch (12.7 mm).

Exception: A construction that affords equivalent protection or a combination of flange and rabbet is
acceptable.
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9.3.8 A strip used to provide a rabbet and an angle strip fastened to the edges of a door shall be secured:
a) at no less than two points,
b) no more than 1-1/2 inches (38 mm) from each end of each strip, and
c) at points between these end fastenings no more than 6 inches (152 mm) apart.

9.4 Field wiring system connections

9.4.1 Sheet metal to which a wiring system is to be connected in the field shall have a thickness not less
than:

a) 0.032 inch (0.81 mm) if uncoated steel,
b) 0.034 inch (0.86 mm) if galvanized steel, and
c) 0.045 inch (1.14 mm) if nonferrous material.

9.4.2 If threads for the connection of conduit are tapped all the way through a hole in an enclosure wall
or if an equivalent construction is employed, there shall not be less than three or more than five threads
in the metal. The construction of the device shall be such that a conduit bushing can be attached.

9.4.3 If threads for the connection of conduit are not tapped all the way through a hole in an enclosure
wall, conduit hub, or the like, there shall not be less than 3-1/2 threads in the metal. There shall be a
smooth, rounded inlet hole for the conductors that shall afford protection to the conductors equivalent to
that provided by a standard conduit bushing and that shall have an internal diameter approximately the
same as that of the corresponding trade size of rigid conduit.

9.4.4 A knockout in a sheet metal enclosure shall be capable of being removed without deformation of
the enclosure that would affect the intended attachment of a conduit fitting.

9.4.5 A knockout shall remain in place when a force of 10 pounds (44 N) is applied at right angles to the
knockout by a 1/4 inch (6.4 mm) diameter mandrel with a flat end. The mandrel shall be applied at the
point most likely to cause movement of the knockout.

9.4.6 A knockout shall be provided with a flat surrounding surface for seating of a conduit bushing and
shall be so located that installation of a bushing at any knockout likely to be used during installation will
not result in spacings between uninsulated live parts and the bushing less than those specified in Table
34.1 or 34.2, as applicable.

9.4.7 In measuring a spacing between an uninsulated live part and a bushing installed in a knockout, it
is to be assumed that a bushing having the dimension indicated in Table 9.3 is in place, in conjunction
with a single locknut on the outside of the enclosure.
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Table 9.3
Knockout or hole sizes and dimensions of bushings
Bushing dimensions
Trade size of conduit Knockout or hole diameter Overall diameter Height
Inches mm OD Inches mm Inches mm Inches mm
1/2 21.3 718 22.2 1 25.4 3/8 9.5
3/4 26.7 1-3/32 27.8 1-15/64 31.4 27164 10.7
1 334 1-23/64 345 1-19/32 40.5 33/64 13.1
1-1/4 42.3 1-23/32 43.7 1-15/16 49.2 9/16 14.3
1-1/2 48.3 1-31/32 50.0 2-13/64 56.0 19/32 15.1
2 60.3 2-15/32 62.7 2-45/64 68.7 5/8 15.9
2-1/2 73.0 3 76.2 3-7/32 81.8 3/4 19.1
3 88.9 3-5/8 92.1 3-7/8 98.4 13/16 20.6
3-1/2 101.6 4-1/8 104.8 4-7/16 112.7 15/16 23.8
4 114.0 4-5/8 117.5 4-31/32 126.2 1 25.4
4-1/2 127.0 5-1/8 130.2 5-35/64 140.9 1-1/16 27.0
5 141.3 5-5/8 142.9 6-7/32 158.0 1-3/16 30.2
6 168.3 6-3/4 1715 7-7132 183.4 1-1/4 31.8

9.5 User servicing

9.5.1 Uninsulated high-voltage live parts of a unit shall be located, guarded, or enclosed so as to reduce
the likelihood of unintentional contact by persons performing operations such as oiling motors, replacing

filters, or adjusting controls. See 61.1.

9.5.2 A rubber or neoprene boot over the terminal of a motor capacitor that is accessible during user

servicing:

a) shall not be less than 1/32 inch (0.8 mm) thick,

b) shall resist thermal degradation, and

c) shall incorporate means to secure the boot in place, such as a molded lip that fits over the

flange of the capacitor case.

9.5.3 Fan blades, blower wheels, pulleys, belts, and the like, shall be enclosed or guarded to reduce the
risk of injury to persons. See 9.5.4 — 9.5.8.

9.5.4 The degree of protection required in 9.5.3 depends upon the general design and the intended use
of the unit. Factors to be taken into consideration in judging the acceptability of protection against contact

with moving parts are:

a) the degree of exposure afforded by intended locations in use,

b) the sharpness of the moving parts,

c) the likelihood of unintentional contact with the moving parts,

d) the speed of movement, and
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e) the likelihood of fingers, arms, or clothing being drawn into the moving parts (such as at
points where gears mesh, where belts travel onto a pulley, or where moving parts close in a
pinching or shearing action).

9.5.5 An interlocking mechanism that operates to disconnect power to the drive motor when the cover or
panel is removed or opened for access to moving parts is considered to provide the protection required
by 9.5.3.

9.5.6 The requirement in 9.5.3 will ordinarily necessitate that an opening in the required guard or
enclosure around a moving part comply with Table 9.4.

Table 9.4
Size of openings

Straight line distance to moving part from external plane of Maximum diameter rod that will pass through the
opening, inches (mm) opening, inches (mm)
2 (50.8) or less 1/4 (6.4)
6 (152) or less (but greater than 2) 1/2 (12.7)
15 (381) or less (but greater than 6) 1 (25.4)

9.5.7 If the starting or restarting of a motor driving a moving part such as described in 9.5.3 is provided
by an automatic cycling device such as a thermostat, thermal protector, or the like, a guard shall be
provided if the part is exposed when making normal operating adjustments or changing air filters or if the
part is accessible without requiring the use of tools.

9.5.8 With reference to 9.5.7, the scroll of a centrifugal blower is an acceptable guard for a blower wheel.
9.6 Electrical components

9.6.1 Other than as indicated in 9.6.2, an opening in the enclosure of a unit or in an externally mounted
component shall be located so that it will not vent into a concealed space of a building structure, such as
a false ceiling space, a hollow space in the wall, and the like, when installed as intended.

9.6.2 The requirement in 9.6.1 does not apply to an opening for a mounting screw or nail or for a
manufacturing operation (such as paint drainage) if the opening has no dimension more than 17/64 inch
(6.8 mm) or an area no more than 0.055 square inch (35.5 mm?).

9.6.3 Other than as noted in 9.6.4, an opening for ventilation in an enclosure, other than in the bottom,
shall be provided with one or more baffles to reduce the risk of emission of flame, molten metal, burning
insulation, or the like, from the unit.

9.6.4 In a compartment other than one that houses a motor overload relay or overcurrent protective
device, such as a fuse or circuit breaker, the baffles mentioned in 9.6.3 may be omitted if:

a) No ventilating opening in a vertical wall is more than 3/8 inch (9.5 mm) in width, or

b) The unit is so constructed that it is suitable for the purpose, as shown by an investigation,
including short-circuit tests.
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9.6.5 Panelboards shall comply with the requirements in the Standard for Panelboards, UL 67.
9.7 Accessibility of uninsulated live parts, film-coated wire, and moving parts

9.7.1 To reduce the likelihood of unintentional contact that may involve a risk of electric shock from
uninsulated live parts or film-coated wire, or injury to persons from a moving part, an opening in the outer
enclosure shall comply with either (a) or (b):

a) For an opening that has a minor dimension (see 9.7.5) less than 1 inch (25.4 mm), such a
part or wire shall not be contacted by the probe illustrated in Figure 9.1.

b) For an opening that has a minor dimension of 1 inch or more, such a part or wire shall be
spaced from the opening as specified in Table 9.5.

Exception: A motor need not comply with these requirements if it complies with the requirements in 9.7.2.
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Figure 9.1
Articulate probe with web stop
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Table 9.5
Minimum acceptable distance from an opening to a part that may involve a risk of electric shock
or injury to persons

Minor dimension of opening 2, Minimum distance from opening to part,
inches P (mm)P inches P (mm)P
3/4¢ (19.1) 4-1/2 (114.0)
1° (25.4) 6-1/2 (165.0)
1-1/4 (31.8) 7-1/2 (190.0)
1-1/2 (38.1) 12-1/2 (318.0)
1-7/8 (47.6) 15-1/2 (394.0)
2-1/8 (54.0) 17-1/2 (444.0)
d 30 (762.0)
a See 9.7.5.
b Between 3/4 and 2-1/8 inches, interpolation is to be used to determine a value between values specified in the table.
¢ Any dimension less than 1 inch applies to a motor only.
d More than 2-1/8 inches, but not more than 6 inches (152.0 mm).

9.7.2 With respect to a part or wire as mentioned in 9.7.1, in an integral enclosure of a motor as
mentioned in the exception to 9.7.1:

a) An opening that has a minor dimension (see 9.7.5) less than 3/4 inch (19.1 mm) is
acceptable if:

1) A moving part cannot be contacted by the probe illustrated in Figure 9.2;
2) Film-coated wire cannot be contacted by the probe illustrated in Figure 9.3;

3) In a directly accessible motor (see 9.7.6), an uninsulated live part cannot be
contacted by the probe illustrated in Figure 9.4; or

4) In an indirectly accessible motor (see 9.7.6), an uninsulated live part cannot be
contacted by the probe illustrated in Figure 9.2.

b) An opening that has a minor dimension of 3/4 inch or more is acceptable if a part or wire is
spaced from the opening as specified in Table 9.5.
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Figure 9.2
Probe for moving parts and uninsulated live parts
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Probe for film-coated wire
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Figure 9.4
IEC articulate probe
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9.7.3 The probes mentioned in 9.7.1 and 9.7.2 and illustrated in Figures 9.1 — 9.4 are to be applied to
any depth that the opening will permit; and are to be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure. The probes illustrated in
Figures 9.1 and 9.4 are to be applied in any possible configuration; and, if necessary, the configuration is
to be changed after insertion through the opening.

9.7.4 The probes mentioned in 9.7.1 and 9.7.2 are to be used as measuring instruments to judge the
accessibility provided by an opening, and not as instruments to judge the strength of a material; they are
to be applied with the minimum force necessary to determine accessibility.

9.7.5 With reference to the requirements in 9.7.1 and 9.7.2, the minor dimension of an opening is the
diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the
opening.

9.7.6 With reference to the requirements in 9.7.2, an indirectly accessible motor is a motor:

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

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

A directly accessible motor is a motor that can be contacted without opening or removing any part or that
is located so as to be accessible to contact.
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9.7.7 During the examination of a product to determine whether it complies with the requirements in 9.7.1
or 9.7.2, an air filter and a part of the enclosure that may be opened or removed by the user without using
a tool (to attach an accessory, to make an operating adjustment, or for other reasons) is to be opened or
removed.

9.7.8 With reference to the requirements in 9.7.1 and 9.7.2, insulated brush caps are not required to be
additionally enclosed.

9.8 Bottom closure
9.8.1 An enclosure shall reduce the risk of molten metal, burning insulation, flaming particles, or the like,
from falling onto flammable materials, including the surface upon which a unit is supported. See 9.6.3,

9.6.4, and 9.8.2 — 9.8.8.

9.8.2 All intended mounting positions of a unit are to be considered in determining if the unit complies with
the requirements in 9.8.1.

9.8.3 An acceptable bottom closure is considered to be provided if the bottom opening is always intended
to be connected to a fresh air discharge duct or an indoor intake air duct and:

a) the unit includes space-heating means (electric, hot water, or steam), or

b) the unit is intended only for nonresidential applications and a marking as specified in 60.13
is provided.

9.8.4 An air filter is not acceptable as part of the bottom closure or as a barrier.

9.8.5 Other than as indicated in 9.8.3, the requirement in 9.8.1 will necessitate that a nonflammable
bottom closure with no openings be provided for a unit or a compartment thereof that contains:

a) Opening wiring (that is, wiring that is not separately and immediately enclosed in conduit,
metal clad cable, metal raceway, or the like); or

b) An electrical component (other than a motor) that is not individually and completely
enclosed, other than terminals.

Exception: This requirement does not apply if it can be shown that failure of the component
would not result in a risk of fire.

9.8.6 With reference to 9.8.5(a), a channel or trough under the wiring is acceptable as a bottom closure

if:
a) The wires do not project through the plane of the top of the trough or channel; and
b) If judged as film-coated wire, the wiring would be acceptable in accordance with 9.7.1 and
9.7.2.
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9.8.7 The requirement in 9.8.1 will necessitate the use of a barrier of metal or a material classed 5V in
accordance with the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94, under an open type motor unless:

a) The structural parts of the motor or unit, such as the bottom closure, provide the equivalent
of such a barrier;

b) An overload protective device provided with a motor is such that no burning insulation or
molten material falls to the surface that supports the unit when the motor is energized under
each of the following fault conditions applicable to the motor:

1) Open main winding,
2) Open starting winding,
3) Starting switch short-circuited,

4) Capacitor of a permanent-split-capacitor motor short-circuited, while the rotor is
locked; or

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

9.8.8 The barrier specified in 9.8.7 shall:
a) be horizontal,
b) be located as indicated in Figure 9.5, and
¢) have an area not less than that illustrated in Figure 9.4.

Openings for drainage, ventilation, and the like, may be employed in the barrier, provided that such
openings would not permit molten metal, burning insulation, or the like, to fall on flammable material.
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Figure 9.5
Location and extent of barrier

EB100A

A — Motor winding to be shielded by barrier. This is to consist of the entire motor winding if it is not otherwise shielded, and is to
consist of the unshielded portion of a motor winding that is partially shielded by the motor enclosure or equivalent.

B — Projection of outline of motor winding on horizontal plane.

C - Inclined line which traces out minimum area of the barrier. When moving, the line is to be always (1) tangent to the motor
winding, (2) 5 degrees from the vertical, and (3) so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by
the inclined line C and the horizontal plane of the barrier.
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9.8.9 The assembly shall be so arranged that fuses can be replaced and manually reset devices can be
reset without removing parts other than a service cover or panel.

9.9 Through-the-floor installation

9.9.1 A unit designed for connection to a duct that penetrates the building structure that supports the unit
shall be provided with a mounting base of metal or other nonflammable material so designed that after
the unit is installed, there will be no open passages through the supporting structure that would permit
flame or hot gases from a fire originating in the space below that supporting structure to travel to the space
above that structure. If the unit is intended to be installed on a supporting structure of combustible
material, the base shall be constructed so that the requisite clearance will be maintained between the
supporting structure and the unit, plenum, and attached duct, spacers necessary to provide required
clearances shall be integral, attached to the unit mounting base, and shall extend not less than 3 inches
(76 mm) below the upper surface of the supporting structure.

Exception: The distance for spacers in a unit intended for use only in a mobile home shall not be less
than 3/4 inch (19.1 mm).

9.9.2 The unit mounting base specified in 9.9.1 may be furnished as a separate member or members and
need not be shipped with the unit if not needed for every intended installation.

9.9.3 The surface of the unit mounting base in contact with the mounting surface shall have no
projections. A screw or rivet that penetrates that surface of the unit shall be flathead or recessed.

9.9.4 If a unit is so designed that it can be installed in the field with an air duct attached at any of several
locations (bottom, one or more sides, or the like), a complete enclosure shall be provided except for an
opening required at a position where the duct may be attached.

9.9.5 The requirement in 9.9.4 will necessitate provision of either:
a) removable panels that can be moved to obtain the opening at the desired location or

b) an area with complete enclosure that can be cut, as required, to permit attachment of the air
duct.
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10 Protection Against Corrosion

10.1 Other than as noted in 10.2 and 10.3, a ferrous part shall be protected against corrosion by
enameling, galvanizing, plating, or other equivalent means if the deterioration of such an unprotected part
would be likely to cause a risk of fire, electric shock, or injury to persons.

10.2 If the oxidation of ferrous metal due to exposure to air and moisture is not likely to be appreciable,
thickness or metal and temperature also being factors, surfaces of sheet steel and cast iron parts within
an enclosure may not be required to be protected against corrosion.

10.3 The requirement in 10.1 does not apply to bearings, laminations, or minor parts of iron or steel, such
as washers, screws, and the like, unless such parts are relied upon to maintain a permanent grounding
bond. See Bonding for Grounding, Section 16.

11 Materials in Air-Handling Compartments

11.1 Thermal or acoustic insulating material shall be securely positioned where loosening reduces or
blocks air flow that causes temperatures in excess of those acceptable in the temperature test or where
loosening results in the reduction of electrical spacings below the required values, short-circuiting, or
grounding. Leading edges of insulation shall be protected against damage from the effects of the velocity
of the moving air.

11.2 A mechanical fastener for each square foot (0.093 m2) of exposed surface is considered to securely
position insulating liners to comply with 11.1. Mechanical fasteners shall be bolts, metal clamps, wire rods,
or the equivalent. Butting edges of insulation against bulkheads is considered to provide protection for
leading edges against damage from the effects of the velocity of moving air. Rigid or semirigid sheets of
insulating material shall not require fastening to the extent required for less rigid material or protection of
leading edges when the material possesses inherent resistance to damage.

11.3 An adhesive provided to securely position insulating material to comply with the requirement in 11.1
shall retain its adhesive qualities at any temperature attained by the adhesive when the unit is tested
under the performance requirements of this standard and at minus 17.8°C (0°F) for indoor use equipment
or minus 28.9°C (minus 20°F) for outdoor use equipment.

11.4 The flame spread index of a material in a compartment handling air intended for circulation through
a duct system shall not be over 25 and its smoke developed index shall not be over 50 when tested in
accordance with the Standard for Test for Surface Burning Characteristics of Building Materials, UL 723.

Exception: This requirement does not apply to the following:

a) An air filter, drive belt, electrical insulation, paint as applied for corrosion protection, and
tubing of material equivalent to one of the types of wire insulation permitted by this standard.

b) Gaskets forming an air or water seal between metal parts.

¢) Miscellaneous small parts such as an insulating bushing, a resilient or vibration mount, a
wire tie, a clamp, a label, and a drain line fitting with an exposed surface area not exceeding 25
square inches (0.016 m?).

d) An adhesive that, when tested in combination with the specific insulating material, complies
with the requirement.
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e) Heat transfer media, polymeric materials, or other nonmetallic materials that meet the
requirements in 12.3.1 or have a flame-spread index not over 200 when tested in accordance
with the Standard for Test for Surface Burning Characteristics of Building Materials, UL 723 in a
unit marked "FOR RESIDENTIAL INSTALLATION ONLY " or equivalent marking.

f) Heat transfer media that complies with the requirements for air filters in the Standard for Air
Filter Units, UL 900. When the Flame-Exposure Test is conducted, only two samples of the
media are required to be tested.

g) Polymeric materials in such quantities that their total exposed surface area within the
compartment does not exceed 0.93 m? (10 f2) in accordance with the requirements of 11.5.

11.5 Polymeric materials exempted by Item (g) of 11.4 shall have a flame-spread index of not more than
25, or shall comply with the requirements of the vertical burning test for classifying materials 5V in
accordance with the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94.

11.6 Exposed unimpregnated asbestos material shall not be used in an air handling compartment. The
unprotected edge of a gasket sandwiched between two parts is considered to be exposed.

12 Polymeric and Other Nonmetallic Materials
12.1 General

12.1.1 This section specifies the construction requirements applicable to polymeric and other nonmetallic
materials used in a unit. Details of the performance requirements are specified in Section 45.

12.1.2 These requirements apply to a unit intended for indoor use only, having a maximum normal
operating temperature on the material that does not exceed 100°C (212°F). See Normal temperature test,
Section 38.

12.1.3 The acceptability of polymeric material for use in a unit shall be determined for each application.
See Table 12.1 for properties to be evaluated depending on use of the material.

Table 12.1
Evaluation of properties of polymeric materials

Thermal and
acoustical
Characteristics to be evaluated Enclosures $tructural parts insulation Functional parts

Flammability®

Source of ignition

External Yes Yes Yes®

Internal Yes Yes Yes Yes
Heat deflection Yes Yes YesP
Water absorption Yes Yes®
Environmental exposure Yes Yes
Air oven aging Yes Yes
Tensile and flexural strength Yes Yes
Izod or tensile impact strength Yes Yes
Impact Yes Yes
Volume resistivity Yesd Yesd Yesd Yesd
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Table 12.1 Continued

Thermal and
acoustical
Characteristics to be evaluated Enclosures $tructural parts insulation Functional parts

a A material having a flame-spread rating of no more than 25 when tested in accordance with the Standard for Test for Surface
Burning Characteristics of Building Materials, UL 723, is acceptable from a flammability standpoint.

b When applicable, see 22.2.8.

¢ When applicable.

d When applicable, see 12.1.4.

€ When the thermal and acoustical insulation is employed on the outside of the enclosure.

12.1.4 For the purpose of evaluating electrical spacings between an uninsulated live part and a polymeric
material, the material shall be treated as a metal part unless it complies with the requirements of the
Volume resistivity test, 45.11.1 and 45.11.2.

12.1.5 Consideration shall be given to the possibility of external ignition of a nonmetallic outer enclosure
and of a structural part.

12.2 Polymeric materials and enclosures

12.2.1 Unless otherwise specified in this end product standard, polymeric electrical insulating materials
and enclosures shall comply with the applicable requirements in the Standard for Polymeric Materials —
Use in Electrical Equipment Evaluations, UL 746C.

12.2.2 Metallized or painted polymeric parts or enclosures shall comply with the applicable requirements
in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations, UL 746C.

Exception: The requirement is not applicable to exterior surfaces of polymeric enclosure materials or
parts provided that the metallized coating or paint does not offer a continuous path for an internal flame
to propagate externally.

12.3 Material classification

12.3.1 A polymeric material or other nonmetallic material used in a unit shall have flammability
classification of 5V, V-0, V-1, V-2, HF-1, HF-2, HBF, or HB as indicated in Table 12.2.

Documents

Document Sharing Hub

Provided by IHS under license with UL
Licensee=North Carolina State Univ/5618801100
No reproduction or networking permitted without license from IHS Not for Resale, 12/07/2014 22:57:02 MST

Full document details: UL 1812 2013


http://avadocuments2026.com/doc/ul-1812-2013
http://avadocuments2026.com/doc/ul-1812-2013

34 DUCTED HEAT RECOVERY VENTILATORS - UL 1812 MAY 3, 2013

Table 12.2
Acceptable uses of materials based on flammability classifications

o Type of material
Degree of exposure to ignition
source HB or HBF HF-1 HF-2 V-2 V-0 or V-1 5V
Not exposed Yes Yes Yes Yes Yes Yes
Exposed, but isolated as shown No No® No&© Yes? Yes Yes
in Figure 12.1
Exposed No Nob-¢ Nob-¢ NoP-¢ NoP-¢ Yes

NOTE — The flammability classifications are in accordance with the Standard for Tests for Flammability of Plastic Materials for
Parts in Devices and Appliances, UL 94.

@ May not be used in space A illustrated in Figure 12.1 if there are openings in the enclosure bottom in that space.

b Vertically oriented material, when laminated between two metal surfaces each no less than 0.010-inch (0.25 mm) thick, may
have an exposed vertical surface no more than 3/8-inch (9.5-mm) wide.

¢ May be used if the only ignition sources are flexible cord or appliance wiring material of the types described in 14.1.17.

12.4 Ignition sources

12.4.1 With reference to 12.5.3, Figure 12.1, and Table 12.2, possible ignition sources within the unit are
considered to be wiring in a high-voltage circuit, and any other electrical component such as a switch,
relay, transformer, or motor winding not completely enclosed in:

a) metal not less than 0.010 inch (0.25 mm) thick, or
b) 5V polymeric material.

Exception: Wiring need not be isolated as indicated in 12.5.1 — 12.5.4 if it complies with the VW-1 flame
test or the vertical flame test described in the Reference Standard for Electrical Wires, Cables, and
Flexible Cords, UL 1581.
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Figure 12.1

Exposure to ignition source
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Space A. Represents the volume below the ignition source determined by a straight line that moves about the ignition source while
remaining at an angle of 5 degrees from the vertical and is always so oriented that the volume is a maximum.

Space B. Represents the volume above the ignition source determined in the same manner as Space A, except that the angle is 30

degrees from the vertical.
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