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INTRODUCTION

1 Scope

1.1

for electrical equipment through the use of the principles of insulation coordination.

These requirements cover an alternate approach to specifying through air and over surface spacings

1.2 The complete principles of insulation coordination involve the consideration of the combination of
clearances, creepage distances, and the properties of solid insulation used to constitute the insulation
system. The empirical data gathered thus far has been used to develop the requirements for clearances
and creepage distances as presented in this standard. The data needed to develop the evaluation
procedure for_solid insulation is still being gathered. When available, this evaluation procedure will be

added to this
distances.

1.3 These r¢quirements may be used as an alternate to required spacing levels 'specified

standards. TH
overvoltages

A

[«

1.4 These
standard covq

1.5 Users o
which will be
expected to b

1.6 It is not
However, use

applied to pefmit the spacing reduction remain-in effect during the manufacture of the prod

include samp

1.7 Users of
this standard
damage, will
enclosure, mq
Clearances
measurement

-

[«

2 Glossary

standard and is not expected to affect the requirements for clearances

e end product standard spacing requirements may be based 6nyuse and s
bre not controlled, or if controlled, the level of control is unknown,

Iternate requirements are intended to be applied to,a‘particular product g

utilized, and establish the pollution degree_to-which the product insulation
b subjected.

intended that the test values in this standard be employed for productio
rs of these requirements will need-to establish a means to ensure that prod

e testing or physical measurements or another equivalent means.

these requirements will additionally need to ensure that influencing factors no
such as mechanical movement, field placement of conductive material

vement of the fittings for conduit or armored cable, or the improper installation
nd creepage* distances at those locations must be verified for compliang
in accordance with Section 10, Measurement of Clearance and Creepage Dis|

and creepage

n end-product
ystems where

ategory if the

ring the product category specifically references UL 840 or any of the requirenyents therein.

these requirements may need to specify the overvoltage levels and the methods of control

system will be

n line testing.
iction controls
Lict. This could

t addressed in
and product

not affect the system for insulation coordination. Examples are the defogmation of the

of field wiring.
e by physical
fances.

2.1

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

2.2 CLEARANCES - Through air spacing.

2.2A COMBINATION WAVEFORM — A surge delivered by a generator which has the inherent capability
of applying a 1.2/50 ps voltage wave across an open circuit, and delivering an 8/20 us current wave into a
short circuit. Also called a combination surge.

2.3 CREEPAGE DISTANCES (CREEPAGES) — Over surface spacings.

2.4 FUNCTIONAL OVERVOLTAGE - Deliberately imposed transient overvoltages necessary for the
function of a device.
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2.5 GENERAL ENVIRONMENT - The overall area or space in which the equipment is located.
Commonly referred to as ambient conditions.

26

and polarity, that does not cause breakdown under specified conditions of test.

2.7

IMPULSE WITHSTAND VOLTAGE - The highest peak value of impulse voltages, of prescribed form

INSULATION COORDINATION — The correlation of insulating characteristics of electrical equipment:

a) With expected overvoltages and characteristics of overvoltage protective devices (a key
consideration for clearances); and

b) With the expected micro-environment and pollution protective means (key considerations for

creepa

2.8 LEAKAG
dielectric volta

2.9 LIGHTNI
specific lightni

2.10 MICRO
distance unde|
general envirg
might be less
factors influen

2.10A NOMI
manufacturer,

after 15 surges

211 OPERA
product when

212 OVERV
respect to ove

213 POLLU

Lk )
HT UloldliLTo).

E CURRENT — The current that can be measured as flowing betweep,test p
ge-withstand test.

NG OVERVOLTAGE - The transient overvoltage at a given location on a sy
ng discharge.

LENVIRONMENT — The conditions that immediately.‘surround the clearance
I consideration. The micro-environment of the creepage distance or clearang
nment of the equipment determines the effect:on the insulation. The micrg
severe or more severe than the general environment that the equipment is in.
Cing the insulation, such as climatic, electrondagnetic, and generation of polluti

NAL DISCHARGE CURRENT (In);= Peak value of the current, selg
through the SPD having a current\waveshape of 8/20 where the SPD remg

D -

TING VOLTAGE — The yoltage across two points occurring due to normal op
controls are set in any position.

OLTAGE CATEGORY - Grouping of products based on typical installed
rvoltage protectioh and available energy. See note c of Table 8.1.

TION — Any addition of contaminants, solid, liquid or gaseous (ionized gases),

that may prodiice a.reduction of dielectric strength or surface resistivity.

pints during a

stem due to a

or creepage
e and not the
-environment
It includes all
bN.

cted by the

ins functional

eration of the

location with

and moisture

2.14 POLLU

ict where the

TION DEGREE — The level of pnllufinn prnqnnf at the location on orin a pro

clearance and creepage distance measurement is made, and can be controlled by design of the product.
For example, enclosures can be used to achieve pollution degree 3, heaters within enclosures can help
achieve pollution degree 2, and encapsulation can be used to achieve pollution degree 1. See 9.3.

2.15 RATED VOLTAGE - The voltage employed for test purposes by the end-product standard.

2.16 RECURRING PEAK VOLTAGE - Deliberately or naturally imposed transient overvoltage that
exceeds the steady state voltage, and is caused by operating a control or adjustable component. The
voltage level will be consistent for the same operation under the same conditions. Insulating materials can
be degraded by ozone generated by partial discharges due to recurring peak voltages.

2.16A SURGE PROTECTIVE DEVICE (SPD) TYPE DESIGNATIONS — SPD Type designations are as
follows:
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TYPE 1 — Permanently connected SPDs intended for installation between the secondary of the
service transformer and the line side of the service equipment overcurrent device, as well as the
load side, including watt-hour meter socket enclosures and intended to be installed without an
external overcurrent protective device.

TYPE 2 — Permanently connected SPDs intended for installation on the load side of the service
equipment overcurrent device - including SPDs located at the branch panel.

TYPE 3 — Point of utilization SPDs, installed at a minimum conductor length of 10 meters (30 feet)
from the electrical service panel to the point of utilization, for example cord connected, direct plug-
in, receptacle type and SPDs installed at the utilization equipment being protected. The distance of
10 meters (30 feet) is exclusive of conductors provided with or used to attach SPDs.

TYPE
compd
limited

TYPE
interna

TYPE
PWB,
termin

2.17 SWITQ

specific switching operation or fault.

2.18 SYSTH

2.19 TRANS
or function of

3 Units of Measurement

3.1 Values {
approximate i

4 Undated

41 Anyund

4 COMPONENT ASSEMBLIES — Component assembly consisting of one
nents together with a disconnect (integral or external) or a means of-com
current tests.

1, 2, 3 COMPONENT ASSEMBLIES — Consists of a Type 4ccomponent
| or external short circuit protection.

5 — Discrete component surge suppressors, such as MOVs that may be
connected by its leads or provided within an enclostdre with mounting me3
ptions.

HING OVERVOLTAGE - The transient overvoltage at a given location on a sy

M VOLTAGE — The rated supply or linetvoltage to which the product will be co

BIENT OVERVOLTAGE — Nonperiodic voltages that may be caused by switc
B device.

tated without parentheses are the requirement. Values in parentheses are
hformation.

References

ated\reference to a code or standard appearing in the requirements of this sta

interpreted a

of more Type 5

l

lying with the

hssembly with

mounted on a
ns and wiring

stem due to a

hnected.

hing, lightning,

explanatory or

ndard shall be

mfnrring to the latest edition of that code or standard

5 Components

51
requirements

for that component.

5.2 A component is not required to comply with a specific requirement that:

Except as indicated in 5.2, a component of a product covered by this standard shall comply with the

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) Is superseded by a requirement in this standard.
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5.3 A component shall be used in accordance with its rating established for the intended conditions of
use.

5.4 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.

6 Insulation Coordination

6.1 This standard uses the principles of insulation coordination to provide requirements for clearances
and creepage distances for electrical equipment. A design consideration is to prevent undesirable
breakdowns in_some areas due to their disruptive nature and potential for risk of fire and electric shock.

Insulation coo
the product ca

6.2 Insulatio

achieved in a multiconcept process.

rdination also requires the awareness of the insulating material properties so
h utilize the reduced spacing concept.

 coordination, as evaluated and implemented through the use f.this star

a) The
alterna

first concept detailed in Section 7, Clearance A (Equivalency), of this s
ive approach to measuring spacings currently defined imvarious product st

that design of

dard, can be

andard is an
andards. This

approach uses a dielectric voltage-withstand test impulse_f@” evaluate equivalencg of designed

spacings to the predefined dimension. An actual reductionyin/spacings can be permi
refinement in manufacturing techniques while maintaining equivalent breakdown leve

b) The
standa
level of

c) The
an apj
materid

d) The
choice
solid in
have a

6.3 The dat
Electrotechnic
Including Cleg

second concept detailed in Section 8, Clearance B (Controlled Overvol

'd, a step in the insulation coordination process, is the selection of clearances
overvoltage protection and pollution degree.

third concept detailed in Section 9,-Creepage Distances, of this standard is th
ropriate set of creepage distances based on operating voltage, pollutior]
| tracking characteristics.

of solid insulation to\coordinate with the clearances and creepage distances
sulation must have“suitable tracking properties for creepage consideration
breakdown level exceeding that of the controlled overvoltage level provided.

hbase upén which these requirements are based is contained in the
al Commission (IEC) Publications for Insulation Coordination Within Low Vol
rances and Creepage Distances for Equipment, 664, and the Supplement, IH

ted through a
S.

tage), of this
based on the

e selection of
degree and

last concept, currently anticipated though not described in detail in this standard, is the

chosen. The
5 and it must

International
fage Systems
C Publication

664A.

6.4 The data contained in these IEC documents relate the ability of clearances to withstand overvoltages
based on the characteristics of the electrical field. For a specified overvoltage, an inhomogeneous field
condition of two electrodes, which is represented by a point and a plane, requires the largest clearance. As
the condition of the electric field is improved by control of electrode shape, the clearance required to
withstand the overvoltage decreases. The limit for this decrease in clearance is that of the homogenous
field which is represented by two parallel planes. Using this data it is possible to evaluate clearances by
their ability to withstand overvoltages. It should be recognized that the use of this technique requires the
regular rechecking of the ability of the clearance to withstand the prescribed overvoltage because of
possible variations in the production process, the wearing of tools, or other factors that might influence the
clearance or electrical field condition. The database may also be used to specify, for a given overvoltage,
the inhomogeneous field clearance, and the continued provision of this clearance may be made by
measurements of the clearance.
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6.5 The data contained in these documents relating to the selection of creepage distances is based on
an evaluation of empirical data coming from experience, and the results of extensive testing of certain
combinations of materials in differing pollution degrees. The major variables for the selection of creepage
distances are the arc tracking characteristics of the material used and the conditions of pollution. The four
pollution degrees are based on the levels of moisture and contaminants at the creepage distance and
therefore, the pollution degree which may exist.

6.6 The values for creepage distances presented in this standard are for equipment being subjected to
long term stress. Many products, and circuits within those products, are only subjected to short term or
intermittent stress. End-product standards can permit a reduction in minimum creepage distance based on
this use factor. A single row reduction (in Table 9.1) while maintaining the same pollution degree and
material group, would be typical.

6.7 These T
distances, an
locations whe
need to sepa
between tern
where possik
additionally e

6.8 Within t
individually rg

equirements are based on the electrical characteristics of the clearanCes

l the assumption that the spacings will be maintained over the life of the‘equip
re the spacings may be influenced by other conditions, the end-praduct stan
ately consider whether use of this standard is appropriate. Examplées might b
inals that may be reduced by protruding wires or strands, or the spacings
le indentations may reduce the spacings. Spacings at“arcing parts ma
aluated for conductive deposits or loss of material during areing tests.

his standard, clearance and creepage distance sequirements are separate
ferenced. While creepage distances cannot beiless than the associated cle

spacing parameter is influenced by different conditions. The clearances may be measured

can be furthg
measured, a
equipment.

6.9 Other c
following:

nd may be reduced by controlling thématerials and pollution degree

bnsiderations which must be employed when pursuing insulation coordinati

a) Insyilation systems consist of @ set of series and parallel insulators (of air and s

insulat

b) Air i

5 considered a renewable insulation material,

c) Transient overveltages may occur due to both internal (circuit generated) and extel

eventg

d) Sol
the as

; and

and creepage
ment. In those
Hard users will
b the spacings
to enclosures
y need to be

and may be
arances, each
or tested, and

r reduced by controlling overvoltages and¢pollution degree. Creepage distances may be

resent in the

bn include the

olid and liquid

ion for example) and.control over the system and internal spacings and voltaggs;

rnal (lightning)

d (nonrenewable material) insulating material should have a dielectric streng
sOciated creepages and clearances.

h greater than

CONSTRUCTION

7 Clearance A (Equivalency)

7.1

Other than as noted in 1.6, the requirements of this section may be used to evaluate clearances less

than those specified for the end product while maintaining the same overvoltage withstand capability for
the equipment.

7.2 A clearance, less than the specified minimum through air spacing, in the product standard, may be
suitable if acceptable results are obtained when tested in accordance with Section 14, Dielectric Voltage-
Withstand Tests, using a voltage with a value in accordance with Table 7.1. For specified minimum
clearances between the values in Table 7.1, interpolation may be used to determine the test voltage.



https://ulnorm.com/api/?name=UL 840 2022.pdf

10 UL 840 APRIL 19, 2022

Test voltages for verifying-rtal‘f:Ic)eu?g.; air spacings (clearances)
End-product Test voltages, kilovolts
:;Zr;?f?;g AC impulse, AC peak, or DC AC rms
minimum through
air spacing, Altitude?, m or (air pressure, kPa)® Altitude?, m or (air pressure, kPa)®
0 200 500 1000 2000 0 200 500 1000 2000
Inches (mm) (101.3) (98.8) (95.0) (90.0) (80.0) (101.3) (98.8) (95.0) (90.0) (80.0)
1/64 (0.4) 1.7 1.7 1.7 1.6 1.5 1.2 1.2 1.2 1.2 1.1
1/32 (0.8) 2.2 2.1 21 2.0 1.9 1.5 15 1.5 14 1.3
3/64 (1.2 275 27T 2765 25 273 95 9 IR 75 1.6
116 (1.4) 3.3 3.3 3.2 3.0 2.7 24 2.3 2.3 4.1 1.9
3/32 (24) 44 4.3 4.1 3.9 3.5 31 3.0 29 18 25
1/8 (3.9) 5.3 52 5.0 4.8 43 3.7 3.7 3.6 34 3.0
3/16 4.9) 6.9 6.8 6.6 6.2 5.6 49 4.8 47 44 4.0
1/4 (6.4) 8.3 8.2 7.9 75 6.8 5.9 5.9 5.6 8.3 4.8
3/8 (9.9) 10.9 10.7 10.3 9.8 8.8 7.7 7.7 7.3 1.0 6.3
12 (12.1) 14.0 13.7 13.2 12.5 11.2 9.9 9.7 9.3 4.9 7.9
1 (25.4) 255 24.6 24.0 22.7 20.2 18.2 17.6 171 16.2 14.4
@ Next lower spetified altitude to be used for intermediate altitudes.
b Values of air pressure in kilopascals are provided to permit testing at pressures simulating elevations different from the elevation
of the test facilityl.

7.3 The withistand capability of a clearance is telated to air pressure, therefore, the selection of test
voltage is to bg based on the altitude of the testlocation.

8 Clearance|B (Controlled Overvoltage)

8.1 The requirements of this section may be used to evaluate clearances where the levels ¢f overvoltage
are controlled,

8.2 Control df overvoltages'may be achieved by either:

a) ProVliding avervoltage devices or systems as an integral part of the product; or

b) Marking“the product with the rating of overvoltage control to which the proguct is to be
conne&mmmmmmmm, i it Te ate.

8.3 With reference to the marking in 8.2, the users of this standard must determine the appropriate
method to state that the overvoltage control device or system should comply with the requirements in
8.4.1. One of the alternatives to marking the product would be to provide the information in published
documentation.

8.4 Deleted

8.4.1 Devices or systems used for overvoltage control shall comply with the following items a through d:

a) The requirements in the Standard for Surge Protective Devices, UL 1449.
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b) Type 1, Type 2, and Type 3 surge protective devices shall have a maximum continuous
operating voltage not less than the operational voltage rating of the power system configuration to
which the surge protective devices is connected.

c) Type 4 and 5 surge protective devices shall have a maximum continuous operating voltage at

least e

quivalent to the line-to-line voltage of the input system of the assembly.

Exception: Type 4 surge protective devices that have been subjected to limited current,
intermediate current and short circuit current tests need only be rated for the maximum continuous
operating voltage of the power system.

d) Be evaluated for use for one of the following:

8.4.2 Surge
control within
clearance dis
resulting clea
and items a) ¢

a) Th¢ Measured Limiting Voltage (MLV) of the surge protective device shall n
e voltage withstand value provided in Table 8.1 for the measured clearance, and

impuls

b) Be

1. Type 1 applications when used on the line side of service equipment,

2. Type 1 or Type 2 applications when used on the load side of seryice)equ
circuit applications or branch circuit applications,

3. Type 3 applications when used in branch circuit or control circuit applicatior]

4. Type 5 discrete component surge suppressors or Type 4’component asg
used in branch circuit or control circuit applications and rated with a nom
current (In) where the In value is as specified in Table 8.2 based on the sys
voltage and the Over-Voltage category,

5. Type 4 component surge suppressors when used in branch circuit or
applications and provided with “other” rating:where the Operating Duty Cyclég
kV/KA combination waveform test equal'to the values given in Table 8.2
system input voltage and Over-Voltage . Category of the equipment.

protective devices may be employed in order to improve the transient impuls

an assembly and decreasé- required clearance distances. This reductig
ance is based on the voltage’ protection rating (VPR) of the surge protective
rance distance as shown-in Table 8.1. The surge protective device shall con
nd b) below:

brovided with one of the following:

ipment feeder

s or,

emblies when
inal discharge
tem operating

control circuit
is based on a
Ibased on the

e over-voltage
n in required
levice and the
hply with 8.4.1

bt exceed the

d on a kV/KA

15A-Nominal Current Discharge Rating (In) or Operating Duty Cycle base

pulse voltage

withstand value chosen shall be at least that equal to the impulse voltage withstand value in
Table 8.1 based on the system input voltage and Over-Voltage Category of the equipment
under test,

2. A Nominal Current Discharge Rating (In) or Operating Duty Cycle based on a kV/kKA
combination test waveform equal to the impulse voltage value given in Table 8.2 and
current value equal to rated impulse voltage divided by the circuit impedance on the input
side of the surge protective device plus 2 ohms. The impulse voltage withstand value
chosen shall be at least equal to the impulse voltage withstand value in Table 8.1 based the
system input voltage and Over-Voltage Category of the equipment under test, or.

3. The entire assembly complies with the Operating Duty Cycle testing as outlined in the
Standard for Surge Protective Devices, UL 1449, using a combination waveform as defined
in item 1 above.
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Table 8.1
Minimum clearances for equipment?®

Phase-to-ground® rated system voltage (rms and
dc) Rated impulse Clearance, mm®
Overvoltage category® v:;’ti;gzt;';:k, Pollution degreef
| Il ] v kv 1 2 3 4

50 - - - 0.33 0.01 0.2 0.8 1.6
100 50 - - 0.50 0.04 0.2 0.8 1.6
150 100 50 - 0.80 0.10 0.2 0.8 1.6
300 150 100 50 1.5 0.5 0.5 0.8 1.6
600 3066 456 486 25 4-5 4-6 4-5 1.6
1000 600 300 150 4.0 3.0 3.0 3:0 3.0
1500 1000 600 300 6.0 5.5 5.5 5.5 5.5
- 1500 1000 600 8.0 8.0 8.0 8.0 8.0
- - 1500 1000 12.0 14.0 14.0 14.0 14.0
- - - 1500 16.0 19.4 19.4 19.4 194

@ The minimum
micro-environmq

® For ungrounde
phase-to-phase

¢ Typical exampl
voltage values a

C3
(o)

alues for pollution degrees 2, 3, and 4 are premised on the concept that pollution which may be pr]
nts may bridge small clearances.

H systems or systems with one phase grounded, the phase-to-ground voltage is considered to be
voltage for the purposes of using this table.

bs of categories for products are given below. Users of this standard will need to establish that ratg
e appropriate for the expected applications of the products covered.

tegory IV — Primary Supply Level. Overhead lines and gable systems including distribution and its
ercurrent protective equipment (equipment installed dt'the service entrance).

esent in these

he same as the

d impulse

associated

Category Il — Distribution Level. Fixed wiring and associated equipment (not electrical loads) connegted to the
primary supply level, Category IV.
Category Il — Load Level. Appliances and portable equipment and the like connected to the distributipn level,
Category llI.
Category | — Signal Level. Special eqlipment or parts of equipment such as low-voltage electronic logic systems,
refnote controls, signaling and peWerlimited (per NEC Article 725) circuits connected to the load lev¢l, Category Il.
4 Value to use bgsed on the rating of the overvoltage protection means.
¢ Linear interpolation of the values is permitted.
fSee 9.3.
Table 8.2
Correlation Between Equipment Overvoltage Category and Surge Protective Device Gombination
Waveform Test Values
Phase-to-ground® rated system voltage (rms and dc) Combination
o It t Rated impulse Waveform Test
vervoTage category withstand voltage Current or Nominal
1 1l m v peak, kV Discharge Current, I,,°
50 - - - 0.33 165 A
100 50 - - 0.50 250 A
150 100 50 - 0.80 400 A
300 150 100 50 1.5 750 A
600 300 150 100 2.5 1250 A
1000 600 300 150 4.0 2,000 A
1500 1000 600 300 6.0 3,000 A

phase-to-phase
b Based on Rate

voltage for the purposes of using this table.
d impulse withstand voltage peak / 2 ohm upstream impedance.

@ For ungrounded systems or systems with one phase grounded, the phase-to-ground voltage is considered to be the same as the
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8.5 If a clearance is used to perform the function of controlling overvoltages, then consideration must be
given to the ability of the clearance to handle the energy which may be available, to the overvoltage
breakdown level of other clearances, and to the changes which may occur in and to an electric field when
arc-over occurs.

8.6 The end product standards that reference this standard will need to specify if a mechanism to
indicate the failure of a component of the system or device employed for overvoltage protection is
required. For example, the mechanism could indicate that a transient voltage surge suppressor is no
longer functional due to the absorption of an excessive amount of energy.

8.7 Line connected devices and circuits shall be assigned both a phase-to-ground rated system voltage
and an overvoltage category as specified in Table 8.1. Circuits, line connected or secondary, employing
the clearances of Table 8.1, shall be protected for the rated impulse withstand voltage peak identified in
Table 8.1. T% switching test detailed in Section 12, Switching Test, should be conducted unless circuit
analysis reveals that the appropriate protection is provided wherever Table 8.1 clearances afe used.

8.8 Except 3ds noted in 1.7, clearances may be:

a) Evaluated by the dielectric voltage-withstand testin 14.2.1; or

b) Selg¢cted and measured in accordance with the dimensions’in Table 8.1.

8.9 Clearan
testing.

ces selected and measured in accordance withthe dimensions in Table 8.1 [do not require

9 Creepage Distances

9.1 The requirements of this section may be used to evaluate creepage distances. Creegage distances

the compara
controlled at

shall be at quz

st the value in Table 9.1 or Table 9.2, based on the operating voltage acros
ve tracking index (CTI) of the insulating material, and the level of pollutio
he creepage distance. Fotprinted wiring boards using Table 9.2, the existen

5 the distance,
n expected or
ce of recurring

voltages is to pe evaluated in accordance with 9.6.

Table 9.1
Minimum acceptable creepage distances"
Creepage distances for equipment subject to long-term stress, mm
Pollution
degree Pollution degree 2 Pollution degree 3 Pollution degree 4
Operating
voltage, All Material group” Material group* Material group*
volts ac material
rms or dc*| groups | || Illa,b | | llla liib | I} llla
10 0.08 0.4 0.4 0.4 1.0 1.0 1.0 1.0 1.6 1.6 1.6
12.5 0.09 0.42 0.42 0.42 1.05 1.05 1.05 1.05 1.6 1.6 1.6
16 0.1 0.45 0.45 0.45 1.1 1.1 1.1 1.1 1.6 1.6 1.6
20 0.1 0.48 0.48 0.48 1.2 1.2 1.2 1.2 1.6 1.6 1.6
25 0.125 0.5 0.5 0.5 1.25 1.25 1.25 1.25 1.7 1.7 1.7
32 0.14 0.53 0.53 0.53 1.3 1.3 1.3 1.3 1.8 1.8 1.8
40 0.16 0.56 0.8 1.1 1.4 1.6 1.8 1.8 1.9 2.4 3.0
50 0.18 0.6 0.85 1.2 15 1.7 1.9 1.9 2.0 2.5 3.2
63 0.2 0.63 0.9 1.25 1.6 1.8 2.0 2.0 2.1 2.6 3.4

Table 9.1 Continued on Next Page
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Table 9.1 Continued

Creepage distances for equipment subject to long-term stress, mm

Pollution
degree 1 Pollution degree 2 Pollution degree 3 Pollution degree 4
Operating
voltage, All Material group* Material group* Material group*
volts ac material
rms or dc? | groups | Il llla,b | Il llla llib | ] llla
80 0.22 0.67 0.95 1.3 1.7 1.9 2.1 2.1 2.2 2.8 3.6
100 0.25 0.71 1.0 1.4 1.8 2.0 22 22 2.4 3.0 3.8
125 0.28 0.75 1.05 1.5 1.9 2.1 24 24 25 3.2 4.0
160 0.32 0.8 1.1 1.6 2.0 2.2 2.5 2.5 3.2 4.0 5.0
200 .42 1.0 1.4 2.0 25 2.8 3.2 3.2 4.0 5.0 6.3
250 .56 1.25 1.8 25 3.2 3.6 4.0 4.0 5.0 .3 8.0
320 .75 1.6 22 3.2 4.0 4.5 5.0 5.0 6.3 B.0 10.0
400 1.0 2.0 2.8 4.0 5.0 5.6 6.3 6.3 8.0 0.0 12.5
500 1.3 25 3.6 5.0 6.3 71 8.0 8.0 10.0 25 16.0
630 1.8 3.2 4.5 6.3 8.0 9.0 10.0 10,0 125 6.0 20.0
800 24 4.0 5.6 8.0 10.0 11.0 125 y 16.0 20.0 25.0
1000 3.2 5.0 71 10.0 12.5 14.0 16.0 y 20.0 25.0 32.0
1250 4.2 6.3 9.0 125 16.0 18.0 200 y 25.0 2.0 40.0
1600 5.6 8.0 11.0 16.0 20.0 22.0 25.0 y 32.0 40.0 50.0
2000 75 10.0 14.0 20.0 25.0 28.0 32.0 y 40.0 %0.0 63.0
2500 10.0 12,5 18.0 25.0 32.0 36.0 40.0 y 50.0 63.0 80.0
3200 12.5 16.0 22.0 32.0 40.0 45.0 30.0 y 63.0 0.0 100.0
4000 16.0 20.0 28.0 40.0 50.0 56.0 63.0 y 80.0 100.0 125.0
5000 0.0 25.0 36.0 50.0 63.0 71.0 80.0 y 100.0 1p5.0 160.0
6300 5.0 32.0 45.0 68.0 80.0 90.0 100.0 y 125.0 1p0.0 200.0
8000 32.0 40.0 56.0 80.0 100.0 110.0 125.0 y 160.0 2p0.0 250.0
10000 10.0 50.0 71.0 100.0 125.0 140.0 160.0 y 200.0 2p0.0 320.0
“ Linear interpoldtion of the values is permitted.
¥ See 9.2.
¥ Material group IJIb shall not be'used for application in pollution degree 3 above 630 volts.
% It is appreciated that tracking'or erosion will not occur on insulation subjected to a working voltage of 32 volts and pelow. However,
the possibility of g¢lectrolytic-eorrosion has to be considered, and for this reason, minimum creepages have been spgcified.

Table 9.2
Minimum acceptable creepage distances on printed wiring boards®¢

Minimum creepage, mm

Pollution degree

Operating voltage, volts ac rms or dc 1b 2°
10-50 0.025 0.04
63 0.04 0.063
80 0.063 0.1
100 0.1 0.16
125 0.16 0.25

Table 9.2 Continued on Next Page
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Table 9.2 Continued

Minimum creepage, mm
Pollution degree
Operating voltage, volts ac rms or dc 1b 2¢
160 0.25 0.4
200 0.4 0.63
250 0.56 1.0
320 0.75 1.6
400 1.0 2.0
500 1.3 25
630 1.8 3.2
800 24 40
1000 3.2 5.0

@ Use Table 9.1

¢ Material Grou

4 Linear interpo

® Material Grouls I, 1, llla, Ilb.

for pollution degrees 3 and 4.

s |, Il, llla. For Material Group IlIb use Table 9.1.
ation of the values is permitted.

9.2 The maferial groups of Table 9.1 and Table 9.2 are related\to the CTI performance

values of ins
Property Eval

Materi

Note: P

9.3 Pollution
moisture at th

a) Pol

Llating materials that are specified in the Standard for Polymeric Materials
Liations, UL 746A, to be included in the group,@s)follows:

Bl Group:

|- CTI =600 (PLC =0)

[I- 400 < CTI < 600 (PLC = 1)
llla—175 < CTl <400 (PLE= 2 or 3)
lllb — 100 < CTI < 175'(PLC = 4)

| C stands for Performance Level Category, and CTI stands for Comparative Tracking Index.

degrees~based on the presence of contaminants and possibility of co
e creepage distance are as follows:

ution,Degree 1 — No pollution or only dry, nonconductive pollution. The pg

level category
— Short Term

ndensation or

llution has no

influen

ce:

b) Pollution Degree 2 — Normally, only nonconductive pollution. However, a temporary conductivity
caused by condensation may be expected.

c) Pollution Degree 3 — Conductive pollution, or dry, nonconductive pollution that becomes
conductive due to condensation that is expected.

d) Pollution Degree 4 — Pollution that generates persistent conductivity through conductive dust or
rain and snow.

9.4 Steps can be taken to control the pollution degree at the creepage distance by design features or the

consideration

of the operating characteristics of the product. See following examples:
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a) Pollution degree 1 can be achieved by the encapsulation or hermetic sealing of the product. For
printed circuit boards, coatings may be used that comply with the performance criteria of Section

15.

b) Pollution degree 2 can be achieved by reducing possibilities of condensation or high humidity at
the creepage distance, through the provision of ventilation or the continuous application of heat,
through the use of heaters or continuous energizing of the equipment when it is in use. Continuous
energizing is considered to exist when the equipment is operated without interruption every day
and 24 hours per day or when the equipment is operated with interruptions of a duration which do
not permit cooling to the point of condensation to occur.

c) Pollution degree 3 can be achieved by the use of appropriate enclosures which act to exclude or

reduce,

environmental influences, particularly moisture in the form of water draplets

9.5 ltisalso
creepage dist
operation whig

9.6 The valuy
printed wiring
voltage given
Section 13, Re

Exception No.
employed to g
due to adjustn

Exception No.
air or gases a
ensure that no

necessary to consider some conditions where equipment may make the poflu
bnces more severe than the general environment. Examples of this conc
h generates contaminates such as carbon brush particles or the ar¢ing of swit

e of recurring peak voltages appearing across creepage distances based or
boards shall be limited to a value not greater than the maximum allowable r
in Table 9.3. The measurement of recurring peak voltages is to be in acq
curring Peak Voltage Determination.

tion degree at
brn would be
h parts.

Table 9.2 on
ecurring peak
ordance with

1: Measurement in accordance with Section 13:need not be done if circuit apalysis can be

etermine the maximum recurring peak voltage ‘due to regular operating chara
ent of device controls.

2: The value of the recurring peak voltage need not be limited to the value in |
‘e in contact with the related creepage point. Coating or encapsulation does n
air or gases are present.

cteristics, and

Table 9.3 if no
pt necessarily

Table 9.3
Maximum recurring peak voltage related to creepage distance on printed wiring boards?®
Creepage distance
Maximum allowable recurring peak yoltage

mm
0.025 330

0.04 336
0.063 345

0.1 360

0.16 384

0.2 400

0.25 450

0.4 600

0.5 640

0.56 678

0.63 723

0.75 800

1.0 913

1.3 1049

Table 9.3 Continued on Next Page
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Table 9.3 Continued

Creepage distance
Maximum allowable recurring peak voltage

mm

1.5 1140
1.6 1150
1.8 1250
2.0 1314
2.4 1443
25 1475
3.2 1700
4.0 1922
5.0 2200

2 Voltage and creepage values may be interpolated linearly.

10 Measurgment of Clearance and Creepage Distances

10.1 Clearapce and creepage distances are to be measured as illustrated in the examplgs contained in
Figure 10.1. In Figure 10.1, X is the width of the groove. The "X" value,can be determined frgm Table 10.1.

Figure 10.1

Examples of clearance and creepage ‘distance measurement

messssssswm Creepage distance

aEEnnmns———— Clearance

S3433

EXAMPLE 1

— ~-s— <X mm

T
SRS

3;3';3';3’;’0;0;0
SRR

S3409A

Condition: Path under consideration includes a parallel, diverging or converging-sided groove of any depth with a width less than X
mm.

Rule: Creepage distance and clearance are measured directly across the groove as shown.
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EXAMPLE 2

>X mm

099999 02020202028,
CRCICRSIRK Eamnamadh. | (X > X
R IEERRLAKKS

S3410A

Condition: Path upder consideration includes a parallel or diverging-sided groove of any depth with a width equalto or more than X
mm.

Rule: Clearance ig the "line of sight" distance. Creepage path follows the contour of the groove.

EXAMPLE 3

— = ~—— X mm

S3411A

Condition: Path upder consideration includes a V<shaped groove with a width greater than X mm.

Rule: Clearance i$ the "line of sight" distance.-Creepage path follows the contour of the groove but "short-circuits" the bottom of the
groove by X mm link.

EXAMPLE 4

RRKK

<X

Q

53412

Condition: Path under consideration includes a rib.

Rule: Clearance is the shortest air path over the top of the rib. Creepage path follows the contour of the rib.
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EXAMPLE 5
<X | <x
\ \

$3502

Condition: Path Under consideration includes a cemented joint with grooves less than X mm wide on each side:

Rule: Clearance |is the shortest air path over the top of the joint. Creepage distance is measured directly~acrosg the grooves and
follows the contofrr of the joint.

EXAMPLE 6

O eee,
SRR

XX 5D <X
111111

XX
L1rrrnl

S3413A

Condition: Path ynder consideration includes ansuncemented joint with grooves less than X mm wide on each side.

Rule: Creepage 3nd clearance path is the "line of sight" distance shown.

EXAMPLE 7

S3414A

Condition: Path under consideration includes an uncemented joint with grooves equal to or more than X mm wide on each side.

Rule: Clearance is the "line of sight" distance. Creepage path follows the contour of the grooves.
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EXAMPLE 8

>X mm <X mm

- R

S3415A

Condition: Path uider consideration includes an uncemented joint with a groove on one side less than X mm wide, Jnd the groove on
the other side equal to or more than X mm wide.

Rule: Clearance gnd creepage paths are as shown.

EXAMPLE 9

S3503
Condition: Path ynder consideration includes amr tncemented barrier when path under the barrier is less than the path over the

barrier.

Rule: Clearance gnd creepage paths follow the contour under the barrier.

EXAMPLE 10

$3504

Conditions: Path under consideration includes an uncemented barrier when path over the barrier is less than the path under the
barrier.

Rule: Clearance is the shortest air path over the top of the barrier. Creepage path follows the contour of the barrier.
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Condition: Path
wide.

EXAMPLE 11

>X mm

P

D

RS
RO

S3419A

nder consideration includes a gap between head of screw and'wall of recess that is equal to of

Rule: Clearance |s the shortest air path through the gap and over the top,surface. Creepage path follows the contou

EXAMPLE 12

o*®

S3418A

more than X mm

r of the surfaces.

Condition: Path under consideration includes a gap between head of screw and wall of recess that is less than X mm wide.

Rule: Clearance is the shortest air path through the gap and over the top surface. Creepage path follows the contour of the surfaces
but "short-circuits" the bottom of the recess by X mm link.
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EXAMPLE 13

B A

O

R IR RRRRRLIRRRIRR ZRRLLLKL
e O RIS

Condition: Path upder consideration includes an isolated part of conductive material.

Rule: Clearance 4

10.2 The"X'

Exception: If t
clearance.

nd creepage paths are the sum of d plus D. Where d or D is smaller than X it shall be,eonsidered

values are a function of pollution degree and shall be as specified in Table 10.l.

he associated permitted clearance is less than 3 millimeters, the X value is o

Table 10.1
Width of grooves by poliution degree

S zero.

he-third of the

Pollution degree

X value
millimeters

A WO N =

0.25
1.0
1.5
2.5

11 Use of Coatings to Achieve Insulation Coordination

11.1 A coati
creepage disf
Performance

g intended-to be used on a printed wiring board as an
ancessunder the coating shall comply with Section 15, Printed Wiring B
[est.

alternate to prov

ding required
oard Coating

11.2 A coating intended to be used on a printed wiring board to provide a Pollution Degree 1
environment shall comply with 15.1 — 15.5.

PERFORMANCE

12 Switching Test

12.1  Where required by Section 8, Clearance B (Controlled Overvoltage), line and load terminals of a
device are to be monitored for generated voltages during normal operation, including adjusting switches
and controls, at rated operational voltage under load and no-load conditions. Generated voltages shall not
be greater than the rated impulse withstand voltage peak specified in Table 8.1 for the device. This
monitoring is to be done using an oscillographic study during a suitable test such as an overload test.
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13 Recurring Peak Voltage Determination

13.1 To determine the maximum recurring peak voltage, as required in 9.6, a device having a coated or
uncoated printed wiring board(s) is to be tested in accordance with 13.2.

13.2 Devices having a coated wiring board are tested in the uncoated condition. The device is to be
operated under conditions for which it is intended. Controls and adjustments are to be manipulated for 100
cycles. The voltage at the point of reduced creepage distance shall be monitored by an oscilloscope
having a frequency response of at least 1 megahertz.

Exception: Those controls and adjustments which have been shown to have no effect on the measured

voltage for 5 cycles between maximum and minimum, need not be cycled 100 times.

14 Dielectric Voltage-Withstand Tests

14.1

14.1.1 If ong
path between
as the points

14.1.2 Clea
14.1.4. The ¢
Breakdown is
test voltage

considered a

14.1.3 Ifad
system is to

voltage of thgt device or system. The test voltage is then to be applied across the load si

where the ove

14.1.4 With
lightning 1.2
ANSI/IEEE 44
interval betwg
as appropriat
consideration

Testing in lieu of measuring clearances

or more components would cause the indication of a breakdowr because the
the points being tested, those components may have one termination disconr
n question are subjected to the same test voltage.

ance values may be verified by conducting the impulse withstand voltage te
quipment shall withstand the voltage impulse without breakdown or disrupt
considered to have occurred when the leakage current exceeds 4 milliampers
s interrupted prior to completion. Operdation of an overvoltage protective
breakdown.

sruptive discharge occurs through an overvoltage protective device or system
be removed from the circuit and-the test voltage is to be reduced to the imp

rvoltage protection was Connected.

reference to 7.2 and:8.7, a previously untested product is to be used. The volts
50 microsecond~impulses in accordance with Techniques for High-Vo
1995 (2001)sThree positive and three negative impulses are to be applied.
en pulsesiis\to be 1 second. Other equivalent methods, as shown in Table 7.

y complete the
ected, so long

5t described in
ive discharge.
es or when the
device is not

that device or
ulse withstand
e at the point

ge is to be full
tage Testing,
The minimum
1 or Table 8.1,

B, may (be ‘used. The test voltage is to be applied at the supply input to the
5. SeeTable 14.1

product under

Table 14.1
Test methods to be used to test spacings

AC peak 1/2 sine
Type of test Impulse AC rms AC peak or DC wave AC peak ramp
Rate of rise 1.2/50 - - - 6000 V/sec.
Hertz - 50 - 60 50 - 60 50 - 60 50 - 60
Duration of test 3 Pos. & 3 Neg.? 3 Pos. & 3Neg.? 3 Pos. & 3 Neg.? 3 Pos.& 3 Neg.? 4 — 5 mA leakage
cycles cycles cycles DC, min. 10 current detection®
ms

@ The available current is to be limited to 4 — 5 milliamperes. The test equipment can be power limited or designed to shut off by
the detection of 4 — 5 milliampere leakage current.

® The measured voltage must exceed the values in Table 7.1 or Table 8.1 as appropriate when the leakage current of 4 — 5
milliamperes is measured.
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14.2 Testing for controlled overvoltage

14.2.1 With regard to 8.8, the dielectric voltage-withstand test for verifying clearances in equipment with
overvoltage control is to be conducted in accordance with 14.2.2, and 14.1.1 - 14.1.4.

14.2.2 Three samples of the equipment that have not been previously tested are to be connected to a
source of supply operating at rated voltage. Consideration must be given to connecting a filter at the
equipment input to prevent the surge from reaching the supply source.

15 Printed Wiring Board Coating Performance Test

15.1 General

1511 A cthing intended to be used on a printed wiring board that has creepages(in'ac¢ordance with
Table 9.2, pollyution degree 1, shall comply with the requirements in 15.1 — 15.5.

15.1.2 A cogting intended to be used on a printed wiring board as an alternate to providing required
creepage distgnces shall comply with 15.1 — 15.11.

15.1.3 A printed-wiring board that is used with a coating is to bé evaluated in accordance with the
Standard for |Printed-Wiring Boards, UL 796, and is to be acceptable for the temperature, solder
conditions, copductor size, and adhesive to the base material under the conditions encoyntered in the
end-use appli¢ation. Tests are to be conducted on a fully processed printed-wiring board regresentative of
production, coptaining such items as inks and solder resists, if applicable.

15.1.4 Test gamples are to be provided with the minimum creepage, as applicable, and|the minimum
coating thicknpss using the pattern shown in Figuré 15.1. The samples are to be preparned by normal
production means employing the primer or cleaner'employed by the end-product manufacturgr. Lead wires
that are considered acceptable for the voltage stress and temperatures involved are to be atthched.

Exception: A representative printed wifing board with components removed may be used for his test.



https://ulnorm.com/api/?name=UL 840 2022.pdf

	INTRODUCTION 
	1 Scope 
	2 Glossary 
	3 Units of Measurement 
	4 Undated References 
	5 Components 
	6 Insulation Coordination 

	CONSTRUCTION 
	7 Clearance A (Equivalency) 
	8 Clearance B (Controlled Overvoltage) 
	9 Creepage Distances 
	10 Measurement of Clearance and Creepage Distances 
	11 Use of Coatings to Achieve Insulation Coordination 

	PERFORMANCE 
	12 Switching Test 
	13 Recurring Peak Voltage Determination 
	14 Dielectric Voltage-Withstand Tests 
	14.1  Testing in lieu of measuring clearances 
	14.2  Testing for controlled overvoltage 

	15 Printed Wiring Board Coating Performance Test 
	15.1  General 
	15.2  Dielectric voltage-withstand test 
	15.3  Environmental cycling test 
	15.4  Humidity conditioning test 
	15.5  Thermal conditioning test 
	15.6  Coating adhesion 
	15.7  Insulation resistance between conductors 
	15.8  Impulse withstand voltage 
	15.9  Resistance to soldering heat 
	15.10  Flammability 
	15.11  Comparative tracking index (CTI) 



