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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
COMPONENTS FOR LOW-VOLTAGE SURGE PROTECTION –  

 
Part 331: Performance requirements and test methods  

for metal oxide varistors (MOV) 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees. 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications. 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 61643-331 has been prepared by subcommittee 37B: Components 
for low-voltage surge protection, of IEC technical committee 37: Surge arresters. 

This third edition cancels and replaces the second edition published in 2017. This edition 
constitutes a technical revision.  

This edition includes the following significant technical changes with respect to the previous 
edition: 

a) a Varistor MCOV rating assurance test;  
b) an energy rating test (2ms); 
c) revised Dielectric strength and insulation resistance tests. 
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The text of this International Standard is based on the following documents: 

FDIS Report on voting 

37B/211/FDIS 37B/214/RVD 

 
Full information on the voting for the approval of this International Standard can be found in 
the report on voting indicated in the above table. 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts of IEC 61643 series, under the general title Components for low-voltage 
surge protective devices, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be 

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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COMPONENTS FOR LOW-VOLTAGE SURGE PROTECTION –  
 

Part 331: Performance requirements and test methods  
for metal oxide varistors (MOV) 

 
 
 

1 Scope 

This part of IEC 61643 is a test specification for metal oxide varistors (MOV), which are used 
for applications up to 1 000 V AC or 1 500 V DC in power lines, or telecommunication, or 
signalling circuits. They are designed to protect apparatus or personnel, or both, from high 
transient voltages. 

This document applies to MOVs having two electrodes and hybrid surge protection 
components. This document also does not apply to mountings and their effect on the MOV’s 
characteristics. Characteristics given apply solely to the MOV mounted only in the ways 
described for the tests. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

IEC 60068-1:2013, Environmental testing – Part 1: General and guidance 

IEC 60068-2-6:2007, Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal) 

IEC 60068-2-14:2009, Environmental testing – Part 2-14: Tests – Test N: Change of 
temperature 

IEC 60068-2-20:2008, Environmental testing – Part 2-20: Tests – Test T: Test methods for 
solderability and resistance to soldering heat of devices with leads 

IEC 60068-2-21:2006, Environmental testing – Part 2-21: Tests – Test U: Robustness of 
terminations and integral mounting devices 

IEC 60068-2-27:2008, Environmental testing – Part 2-27: Tests – Test Ea and guidance: 
Shock 

IEC 60068-2-52:2017 Environmental testing – Part 2-52: Tests – Test Kb: Salt mist, cyclic 
(sodium chloride solution) 

IEC 61643-11:2011, Low-voltage surge protective devices – Part 11: Surge protective devices 
connected to low-voltage power systems – Requirements and test methods 

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) – Part 4-2: Testing and 
measurement techniques – Electrostatic discharge immunity test 
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3 Terms, definitions, symbols and abbreviated terms 

For the purposes of this document, the following terms and definitions apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses:  

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1 Terms and definitions 

3.1.1 Ratings 

3.1.1.1  
absolute maximum ratings  
limiting values of operating and environmental conditions applicable to a component, device, 
equipment or machine as defined by its published specification data, which should not be 
exceeded under the worst possible conditions  

Note 1 to entry: A limiting condition may be either a maximum or a minimum or both.  

[SOURCE: IEC 62240-1:2013, 3.1.1, modified ("any semiconductor device of a specific type" 
replaced by "a component, device, equipment or machine", addition of Note 1 to entry)] 

3.1.1.2  
single-impulse [transient] maximum current  
ITM 
rated maximum value of current which may be applied for a single impulse of specified 
waveform 

Note 1 to entry: For power distribution SPDs, IEC 61643-11, Maximum Discharge Current IMAX is used. 

3.1.1.3  
nominal discharge current  
In 
crest value of the current through the MOV having a current waveshape of 8/20  

3.1.1.4  
impulse life characteristic  
graphical representation between impulse current peak (I), equivalent rectangular pulse width 
(T), and impulse numbers (n) which the MOV can withstand  

Note 1 to entry: Unless otherwise specified, the range of T shall be 20 µs to 10 ms, the range of n shall be 106, 
105,104, 103, 102, 101 and 100. 

3.1.1.5  
temperature derating curve 
graphical representation of parameter derating against temperature 

Note 1 to entry: Typical parameters are rated voltage, impulse current, energy and average power dissipation. 

3.1.1.6  
single-pulse [transient] maximum energy 
WTM 
rated maximum value which may be absorbed for a single pulse of a specified waveform   

Note 1 to entry: Unless otherwise specified, 2 ms rectangular pulse is used (IEC 60060).  
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3.1.1.7  
maximum continuous voltage 
VM 
voltage that may be applied continuously at a specified temperature  

Note 1 to entry: May also be called UC or MCOV. 

Note 2 to entry: See Figure 1. 

3.1.1.8  
maximum continuous AC voltage  
VM(AC) 
value of RMS power frequency voltage (less than 5 % total harmonic distortion) that may be 
applied continuously at a specified temperature 

3.1.1.9  
maximum continuous DC voltage  
VM(DC) 
DC voltage that may be applied continuously at a specified temperature 

3.1.1.10  
mean time to failure  
MTTF  
basic measure of reliability for non-repairable items, the total number of life units of an item 
divided by the total number of failures within that population ,during a particular measurement 
interval under stated conditions 

3.1.2 Characteristics 

3.1.2.1  
characteristic 
inherent and measurable properties of an MOV 

3.1.2.2  
standby current  
ID 
current passing through MOV at maximum continuous voltage VM 

Note 1 to entry: The current passing through the MOV at less than VM is called leakage current.  

3.1.2.3  
varistor voltage  
VV 
voltage across the MOV measured at a specified current (typically 1 mA) for a specific 
duration 

3.1.2.4  
varistor test current  
IN 
test current (typically 1 mA) to determine the varistor voltage VV 

Note 1 to entry: See Figure 1. 

3.1.2.5  
clamping voltage  
VC  
peak voltage across the MOV measured under conditions of a specified peak pulse current 
(IP) and specified waveform  

Note 1 to entry: See Figure 1. 
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Note 2 to entry: Unless otherwise specified, a typical value of this parameter is measured with a pulsed current 
8/20 waveform. 

Note 3 to entry: Clamping voltage, VC, is referred to as measured limiting voltage in IEC 61643-11. 

 

Figure 1 – V-I characteristic of an MOV 

3.1.2.6  
capacitance  
CV  
capacitance across the MOV measured at a specified frequency, voltage and time  

3.1.2.7  
metal oxide varistor (MOV) 
component whose conductance during static state, at a given temperature, increases rapidly 
with increasing voltage 

Note 1 to entry: This is also known as a voltage dependant resistor (VDR). 

3.1.2.8  
thermally protected metal oxide varistor  
varistor which includes a series non-resettable element that will disconnect the MOV when it 
is overheated due to excessive dissipation 

3.1.2.9  
DC standby current  
IDC 
current passing through MOV at maximum continuous voltage DC VM(DC) 
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3.2 Symbols and abbreviated terms used in this document 

3.2.1 Symbols 

Figure 2 and Figure 3 represent the IEC 60617 symbols for MOV and thermally protected 
MOV, respectively. 

 

Figure 2 – Symbol for MOV 

 

Figure 3 – Symbol for thermally protected MOV 

NOTE IEC 60027 recommends the letters V and v only as reserve symbols for voltage; however, in the field of 
MOV components, these are so widely used that in this document they are preferred to U and u.  

3.2.2 Abbreviated terms 
CUT  Component Under Test  
ESD  Electrostatic Discharge  
MCOV  Maximum Continuous Operating Voltage 
MOV  Metal Oxide Varistor  
MTTF Mean Time To Failure  
SMD  Surface Mount Device  
SPD  Surge Protective Device  
VDR  Voltage Dependent Resistor 
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4 Service conditions  

4.1 Operating and storage temperature ranges 

Operating range 

– Normal: –5 °C to +55 °C 

– Extended: −40 °C to +85 °C 

Storage range MOV 

– Normal: –40 °C to +85 °C 

– Extended: −40 °C to +125 °C 

Storage range Thermally protected MOV 

– Normal: –40 °C to +85 °C 

– Extended: −40 °C to +85 °C 

NOTE Temperature range (operating or storage) could be different than the normal or extended values shown 
above. 

4.2 Altitude or atmospheric pressure range  

The altitude of air pressure is within 80 kPa to 106 kPa (refer to IEC 60068-1).  

4.3 Relative Humidity 

Normal range: 5 % to 95 % at 25 °C (refer to IEC 60068-1 and IEC 60068-2-78).  

5 Mechanical requirements and materials 

5.1 Robustness of terminations 

If applicable, the user shall specify a suitable test from IEC 60068-2-21. 

5.2 Solderability 

Solder terminations shall meet the requirements of IEC 60068-2-20, test Ta, method 1. 

5.3 Marking 

Legible and permanent marking shall be applied to the MOV as necessary to ensure that the 
user can determine the following information by inspection. 

Each MOV shall be marked with the following information: 

– Date of manufacture or batch number 
– Manufacturer name or trademark 
– part number 
– safety approval markings 

NOTE 1 The necessary information can also be coded. 

NOTE 2 When the space is not sufficient for printing this data, it could be provided on the smallest unit container 
in which the product is packaged or as agreed upon between the manufacturer and the purchaser. 
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6 General 

6.1 Failure rates 

Sampling size, electrical characteristics to be tested, etc. should be covered by the quality 
assurance requirements, which are not covered by this document. 

6.2 Test standard atmospheric conditions 

The following tests shall be performed on the MOVs as required by the application. Unless 
otherwise specified, ambient test conditions shall be as follows: 

• Temperature: 15 °C to 35 °C; 

• Relative humidity 25 % to 75 %; 

MOVs of various types should have the characteristics listed in Table 1 when tested in 
accordance with Clause 8. 

7 Electrical requirements  

7.1 Varistor voltage (VV) 

When tested according to 8.3.3, varistor voltage should be within the manufacturer’s specified 
limits. Table 1 shows the varistor voltages of high voltage and low voltage disc types that are 
commonly used; their allowable tolerances are ±10 %. 

The varistor voltages and tolerances listed in Table 2 are typical for SMD types.  

7.2 Maximum AC (DC) continuous voltage (VM(AC) / VM(DC)) 

Unless otherwise specified, MOVs shall have a maximum AC (DC) continuous voltage  
VM(AC) / (VM(DC)) as given in Table 1 and Table 2, the conformity shall be evaluated according 
to 8.2.3. 

NOTE Maximum AC (DC) continuous voltage VM(AC) / (VM(DC)) is sometimes referred to as UC. 

7.3 Standby current (ID) 

When tested according to 8.3.2, the standby current IDC under maximum continuous DC 
voltage VM(DC), shall be less than the maximum value specified by the manufacturer and there 
shall be no upward drifting during the application of the test voltage VM(DC). 

7.4 Capacitance (CV) 

When tested according to 8.3.4, the measured value of capacitance shall not exceed the 
value specified by the manufacturer. 

7.5 Clamping voltage (VC) 

The measured clamping voltage (see 8.3.1) at a specified impulse current shall be no more 
than the specified values or the values indicated in Table 1. Unless otherwise specified, an 
8/20 impulse current having the peak as specified shall be used.  

NOTE Clamping voltage VC is referred to as Measured Limiting Voltage in IEC 61643-11. 

Full document details: IEC 61643-331-2020

http://www.avadocuments.com/doc/iec-61643-331-2020
http://www.avadocuments.com/doc/iec-61643-331-2020


 – 14 – IEC 61643-331:2020 © IEC 2020 

Table 1 – Typical Voltage ratings for disc types 

Varistor 
voltage VV (V) 

Max. continuous voltage (VM) Clamping voltage (NOTE), VC (V) 

AC (RMS) VM(AC) DC VM(DC) 8/20, VC 

18 11 14 36 

22 14 18 43 

27 17 22 53 

33 20 26 65 

39 25 31 77 

47 30 38 93 

56 35 45 110 

68 40 56 135 

82 50 65 135 

100 60 85 165 

120 75 100 200 

150 95 125 250 

180 115 150 300 

200 130 170 340 

220 140 180 360 

240 150 200 395 

275 175 225 455 

300 195 250 505 

330 210 270 545 

360 230 300 595 

390 250 320 650 

430 275 350 710 

470 300 385 775 

510 320 410 845 

560 350 450 930 

620 385 505 1 025 

680 420 560 1 120 

715 440 585 1 180 

750 460 615 1 240 

820 510 670 1 355 

910 550 745 1 500 

1 000 625 825 1 650 

1 100 680 895 1 815 

1 200 750 970 2 000 

1 600 1 000 1 280 2 650 

1 800 1 100 1 465 2 970 

NOTE Clamping voltage VC is referred to as measured limiting voltage in IEC 61643-11. 

 

During the tests, there shall be no flashover or puncture of the samples, the clamping voltage 
(VC) of the samples shall be tested prior to and after the tests, the change of which shall not 
exceed ±10 %, when tested according to 8.3.1. 
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7.6 Electrostatic discharge (ESD) (for SMD type MOV only) 

The requirement of Table 2 is only applicable for surface mount devices (for SMD varistors 
ONLY). SMD MOV shall be tested as in 8.5. 

Table 2 – Typical Voltage Ratings for SMD types 

Varistor 

Voltage VV(V) 

Maximum continuous voltage (VM) 

AC (RMS) VAC DC VDC 

5,6 ± 20 % 2,5 4 

6,8 ± 20 % 3,5 4,5 

8,2 ± 20 % 4 5,5 

10 ± 20 % 5 7 

12 ± 20 % 6 8,5 

15 ± 20 % 7,5 10,5 

18 ± 20 % 9 13 

22 ± 10 % 14 18 

27 ± 10 % 17 22 

33 ± 10 % 20 26 

39 ± 10 % 25 31 

47 ± 10 % 30 38 

56 ± 10 % 35 45 

68 ± 10 % 40 56 

82 ± 10 % 50 65 

 

7.7 Rated impulse energy 

The MOV shall be capable of absorbing the impulse energy specified by the manufacturer 
when subjected to one impulse current of 2 ms rectangular pulse or 10/1000 or 8/20 and 
tested according to 8.2.1. 

7.8 Nominal discharge current (In) 

The MOV shall be subjected to 15 applications of impulse currents of 8/20 wave with the peak 
specified by the manufacturer, and tested according to 9.3. 

7.9 Endurance  

The MOV shall be subjected to an endurance test under the conditions of specified 
temperature and maximum continuous voltage for 1 000 h and tested according to 8.4. If all 
concerned parties agree, the optional accelerated endurance screening test in Annex C may 
be used. 

7.10 Limited current temporary overvoltage  

This is an AC step stress test to evaluate thermally protected MOVs for potential ignition 
sources when the thermally protected MOV is subjected to AC overload (see 9.4). 
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8 Standard design test criteria 

8.1 General 

The design tests described in 8.3 provide standardized methods for measuring specified 
parameters of an MOV for the purpose of component selection. These parameters may vary 
from MOV to MOV, making it necessary to measure all components. MOVs are bi-directional 
and they shall be tested with both positive and negative voltages.  

8.2 Ratings 

8.2.1 Single-impulse maximum current (ITM)  

In the absence of specified requirements, the test current shall be an 8/20 waveshape. An 
oscilloscope is used to record the clamping voltage (Vc) of the CUT. Rated voltage, VM(AC) 
or VM(DC) as appropriate, shall be applied continuously for a minimum of 2 s before impulse 
and a minimum of 30 s after the impulse. 

Measurement techniques for high-current and high-frequency testing should be observed, 
such as four-point Kelvin contact, differential oscilloscope, short leads, etc. 

NOTE See Figure 4.  

 

Components 

C Energy storage capacitor R3 Impulse-shaping resistor 

L Impulse-shaping inductor R2 Impulse-shaping and current-limiting resistor 

MOV Component under test (MOV) R4 Current-sensing resistor (coaxial). 
Alternatively, a current transformer probe of 
adequate rating may be used 

OSC Oscilloscope for observing current and 
voltage 

S1 Charging switch 

PS DC charging power supply S2 Discharge switch  

R1 Charging resistor   

 

NOTE Caution: The circuit shown is for description only.  

Figure 4 – Test circuit for single-impulse maximum current  

8.2.2 Next impulse  

The next impulse shall be applied after the CUT has returned to thermal equilibrium (for 
example, the initial conditions before the impulses were applied). In the absence of specified 
requirements, the test current shall be an 8/20 waveshape. 

NOTE 1 MOVs intended for service in IEC 61643-11 surge protective devices require special class I, class II and 
class III testing procedures and waveforms. These tests are covered in Annex A. 

NOTE 2 See Figure 4.  
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8.2.3 Maximum Continuous voltage (VM) 

This rating is verified in 8.3.2. 

8.3 Electrical Characteristics 

8.3.1 Clamping voltage (VC)  

Clamping voltage shall be measured during the single impulse current (IP), clause 8.2.1. The 
peak clamping voltage and peak test current are not necessarily coincident in time. In the 
absence of specified requirements, the test current shall be an 8/20 waveshape. 

NOTE 1 MOVs intended for service in IEC 61643-11 surge protective devices require special class II or class III 
testing procedures and waveforms. These tests are covered in Annex A. 

NOTE 2 See Figure 4.  

8.3.2 Standby current (ID) 

In this measurement, voltage should be maintained at a steady value regardless of the load 
impedance. A power supply of constant voltage source shall be used. It is not recommended 
that the voltmeter be connected across the CUT due to the current bleeding through the 
meter. The standby current reading would be inaccurate. The power supply PS should be set 
to the specified Maximum Continuous Voltage VM(DC) of the MOV under test. 

NOTE 1 See Figure 5.  

NOTE 2 The test duration of standby current depends mainly on the electrode area of the MOV; the larger the 
electrode area, the longer the test duration needs to be if other conditions remain the same. The test duration can 
be sufficiently long for the standby current to stabilize. 

 

Components 

A Current meter 

PS Power Supply (shall be a DC voltage 
source) 

V Voltmeter 

 

Figure 5 – Test circuit for measuring standby current 

8.3.3 Varistor voltage (VV) 

In this measurement, current should be maintained at a steady value regardless of the load 
impedance. A power supply of constant current source should be used. The time of applied 
test current (IN) shall be between 20 ms to 100 ms. Unless otherwise specified, the test 
current shall be 1 mA DC.  

NOTE 1 See Figure 6. 

NOTE 2 The test duration cannot be too long in order to avoid a thermal effect when the temperature of the MOV 
rises appreciably during the measurement. However, for very large varistor sizes, it may be necessary to go above 
100 ms. 
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Components 

A Current meter 

P Bipolar pulsed current source 

V Voltmeter 

 

Figure 6 – Test circuit for measuring varistor voltage (VV) 

8.3.4 Capacitance (CV) 

This should be measured at a specified sinusoidal frequency and voltage at a specified 
temperature. Unless otherwise specified, a signal of <1 V RMS of 1 kHz at 25 °C without DC 
bias is recommended. 

NOTE If the capacitance test is performed on MOV samples which have undergone other tests previously, then a 
waiting period of 48 h may be observed. 

8.3.5 Rated energy 

The compliance of the rated energy specified in the MOV datasheet shall be verified with the 
current pulse whose waveform is prescribed in the MOV datasheet. Unless otherwise 
specified, the current pulse shall be of 2 ms rectangular waveform or 10/1 000 waveform. 

8.4 Varistor Rating Assurance Testing  

The purpose of this testing is to verify that the Maximum Continuous Operating Voltage VM 
rating of the varistor is appropriately specified. 

The varistor voltage VV and the standby current of the samples are measured and recorded 
prior to this test. The varistors that are to be tested shall be connected as in Figure 7. 

The MOV is heated to its maximum operating normal temperature rating for the duration of 
1 000 h.  

The test voltage shall be VM(AC) for AC and/or VM(DC) for DC. The test should be performed in 
a chamber, at a temperature variation within 5 K. When the test is finished, the samples 
should be cooled down for not less than 1 h nor more than 2 h. The varistor voltage, VV, and 
the standby current IDC should be within the specified limits when measured at ambient 
temperature. 

This endurance test may be increased to the maximum operating extended temperature rating 
for the duration of 1 000 h for more robust MOVs.  
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Figure 7 – Varistor rating assurance test setup  

8.5 ESD test 

Initial measurements: Varistor voltage and clamping voltage for SMD type varistor only.  

The samples shall be mounted on a circuit board with a large ground plane. The circuit board 
shall have a convenient discharge point for the ESD gun in contact mode and the SMD shall 
be mounted between the ESD gun discharge point and the board ground. The circuit board is 
then placed at the center of a minimum 0,5 m metal ground plane as described in ANSI/ESD 
SP5.6. The ground plane of the circuit board and the metallic ground plane shall make good 
electrical contact. 

The SMD varistor samples shall be subjected to the contact discharge method at 8 kV ± 5 % 
for 10 applications with an interval of 1 s using an IEC 61000-4-2 compliant ESD gun. The 
ground strap of the ESD gun shall be connected to a corner of the metal ground plane. During 
the tests, there shall be no evidence of flashover or puncture of the samples, and the varistor 
voltage of the samples shall be tested prior to and after the tests, the change of which shall 
not exceed ±30 %. The SMD varistor clamping voltage during the ESD event shall be < 2 kV 
peak.   

9 Nominal discharge current and limited current temporary overvoltage  

9.1 Thermally protected varistors – Sequence of tests 
• Temperature humidity and conditioning 9.2 

• Dielectric test 9.5 

• Insulation resistance test 9.6 

• Nominal discharge current testing as described in 9.3 

• Limited current test as specified in 9.4 

• Dielectric test 9.5 (repeated) 

• Insulation resistance test 9.6 (repeated) 

9.2 Temperature and humidity cycle conditioning  

The samples shall be subjected to the following conditioning cycle. The cycle shall consist of 
24 h at 60 °C ±5 °C  followed immediately (within 15 min) by at least 24 h at 35 °C ±5 °C and 
90 % ±5 % relative humidity, followed by 8 h at 0 °C ±2 °C.  
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The dielectric and insulation resistance tests are performed after removal of the samples from 
the conditioning chamber.  

9.3 Nominal discharge current (In) test description 

9.3.1 General 

Figure 8 shows the test sequence comprising of: 

• Before discharge current test, measure initial varistor voltage VV and standby current ID. 

• Apply 1 surge with no applied voltage, and within 1 second (see T1 of Figure 9), apply VM 
for 60 s ± 15 s (see T2 of Figure 9). 

• Repeat this cycle 15 times. 

• After each 5 cycles, the component should be allowed to cool for 30 minutes ± 5 minutes. 

• After the last cycle, continue to apply VM for at least an additional 15 minutes. 

• Measure varistor voltage and standby current. 

NOTE Some of the tests specified can be hazardous to the persons carrying them out; all appropriate measures 
to protect personnel against possible fire or explosive hazards to be considered. 
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Figure 8 – Nominal discharge current test flowchart 
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Figure 9 – Sequence of the In Test 

9.3.2 Pass/fail criteria 

The measured varistor voltage after 15 cycles shall not be less than 100 % +/- 10 % of the 
initial measured varistor voltage and the standby current should be less than the 
manufacturer’s specified value. 

9.4 Limited current temporary overvoltage test description and procedure for 
thermally protected varistors 

9.4.1 General 

For thermally protected varistors intended to be installed in permanently connected 
applications, the limited currents tested shall be 0,625 A, 1,25 A, 2,5 A, 5,0 A and 10,0 A 
unless otherwise specified. For thermally protected varistors intended to be installed in cord 
connected applications, the limited currents tested shall be 0,625 A, 1,25 A, 2,5 A and 5,0 A 
unless otherwise specified.  

NOTE Some of the tests specified can be hazardous to the persons carrying them out; all appropriate measures 
to protect personnel against possible fire or explosive hazards to be considered.  
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9.4.2 Sample preparation 

The thermally protected varistors shall be mounted in accordance with the manufacturer’s 
recommendations. Cheesecloth is used for hazard monitoring. Two layers of cheesecloth shall 
be loosely draped around the component.  

9.4.3 Test conditions 

Adjust an AC power supply to 1,6 times the maximum continuous voltage VM of the 
component at each perspective current according to Figure 10. Monitor the current of the 
component under test from the time the power is applied until the thermal link opens but not 
longer than 7 hours. After the thermal link has opened allow the component under test to cool 
for 5 minutes. 

9.4.4 Pass/fail criteria 

After the test the cheesecloth shall be examined. The cheesecloth shall not be damaged by 
any of the following hazards; ejection of fragments, ejection of molten materials, production of 
hot gases (which includes flames) and electrical sparking. The component mounting position 
shall not be changed by any solder reflow. 

The cheesecloth may be cotton and have a minimum of 13 threads by 11 threads in any 
square centimeter. 
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Figure 10 – Temporary overvoltage limited current test procedure flowchart 

9.5 Dielectric testing 

9.5.1 Test conditions for thermally protected MOV 

Set the dielectric test equipment as follows: 

• The test voltage is sine-wave form having a frequency between 45 Hz and 62 Hz; 
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• Initially not more than half the prescribed voltage is applied. It is then raised with a rate of 
rise of approximately 500 V/s to the full value; 

• Voltage = 2 times the rated voltage of the component under test; 

• Threshold Current = Voltage/200 kΩ; 

• Measure the dielectric strength across the thermal link of a three terminal MOV for 1 
minute. 

NOTE This test is only conducted after the limited current abnormal overvoltage test. 

Table 3 – Test voltages for dielectric strength Between Test voltage 

Between Test Voltage 

Live parts and enclosure 2 Ur + 1 000 V 

Disconnection (between open contacts) 2 Ur 

 

9.5.2 Setup from foil to leads 

Set the dielectric test equipment as follows: 

• Voltage = 2 times the rated voltage of the component under test + 1 000 V; 

• Threshold Current = Voltage/2 000 kΩ; 

• Wrap a piece of foil around the component being careful to have a gap of at least 0,5 mm 
between the foil and the leads; 

• Tie the leads of the component together and connect the dielectric tester across the foil 
and the leads; 

• Measure the dielectric strength between the leads and the foil for 1 minute. 

9.5.3 Pass criteria  

No current greater than threshold current. 

NOTE Voltage is an RMS voltage, sine wave of 45 to 62 Hz. 

9.6 Insulation Resistance 

The insulation resistance shall be measured with a direct voltage of 100 V ± 15 V  
(for UISO < 500 V) or 500 V ± 50 V (for UISO >500 V) between both terminations of the varistor 
connected together as one pole and the metallic balls, metal foil or V-block as the other pole. 

The voltage shall be applied for 1 min, or for such shorter time as is necessary to obtain a 
stable reading, the insulation resistance being read at the end of that period. 

When varistors are measured as specified, the insulation resistance shall be not less than the 
appropriate figure specified in the detail specification. 

There shall be no breakdown or flashover. 

The measured insulation resistance shall be not less than that 2 MΩ unless otherwise 
specified in the component datasheet and across the disconnection is not less than 0.2 MΩ. 
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Annex A 
(informative) 

 
MOV testing according to the IEC 61643-11:2011 
Surge protective devices for the Class I, II and III 

A.1 General 

Surge protective devices (SPDs) compliant to IEC 61643-11:2011 meet one or more defined 
impulse tests. These tests are termed: class I, class II and class III. 

The Class I test is intended to simulate partial conducted lightning current impulses. SPDs 
subjected to Class I test methods are generally recommended for locations at points of high 
exposure, e.g., line entrances to buildings protected by lightning protection systems. 

SPDs tested to Class II or III test methods are subjected to impulses of shorter duration. 

Full testing details are contained in IEC 61643-11. This annex gives an overview of MOV 
testing for use in IEC 61643-11 SPDs. 

A.2 MOV selection 

IEC 61643-11 SPD impulse ratings may be met with a single MOV or by combinations of 
MOVs connected in series or parallel or both. 

A.3 Cross reference list of abbreviations, descriptions and definitions 

Table A.1 provides the list of abbreviations, descriptions and definitions used in this document 
related to IEC 61643-11. 
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Table A.1 – Abbreviations, descriptions and definitions  

IEC 61643-11 IEC 61643-331 

Abbrevia
tion 

Description Definition
/Clause 

Abbre-
viation 

Description (parametric 
terms) 

Definition 

Abbreviations, descriptions and definitions related to voltage 

Uc Maximum continuous 
operating voltage 

3.1.11 VM Maximum continuous voltage  3.1.1.7 

Uoc Open circuit voltage  3.1.23     

Ures Residual voltage 3.16 VC Clamping voltage  3.1.2.5 

 Limiting voltage with the 
combination wave 

 VC Clamping voltage  3.1.2.5 

 Measured limiting voltage 3.1.15 VC Clamping voltage  3.1.2.5 

Abbreviations, descriptions and definitions related to current 

In Nominal discharge current for 
class II test 

3.1.9 In Nominal discharge current  3.1.1.3 

Imax Maximum discharge current  3.1.48 ITM Single impulse [transient] 
maximum current 

3.1.1.2 

Iimp Impulse discharge current for 
class I test 

3.1.10    

If Follow current 3.1.12    

Ip Prospective short-circuit 
current of a power supply 

3.1.38    

Definitions related to impulse test classification 

 Class I tests 3.1.34.1    

 Class II tests 3.1.34.2    

 Class III tests 3.1.34.3    

 

A.4 Operating duty test 

A.4.1 General 

A.4.1.1 Overview 

An overview is given in the flow chart for the operating duty test in Figure A.1. 
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