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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
LOW-VOLTAGE FUSES –  

 
Part 5: Guidance for the application of low-voltage fuses 

 
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. 

This consolidated version of the official IEC Standard and its amendment has been 
prepared for user convenience. 

IEC 60269-5 edition 2.1 contains the second edition (2014-03) [documents 
32B/621A/DTR and 32B/624/RVC] and its amendment 1 (2020-12) [documents 
32B/694/DTR and 32B/697A/RVDTR]. 

In this Redline version, a vertical line in the margin shows where the technical content 
is modified by amendment 1. Additions are in green text, deletions are in strikethrough 
red text. A separate Final version with all changes accepted is available in this 
publication. 
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The main task of IEC technical committees is to prepare International Standards. However, a 
technical committee may propose the publication of a technical report when it has collected 
data of a different kind from that which is normally published as an International Standard, for 
example "state of the art". 

IEC 60269-5, which is a technical report, has been prepared by subcommittee 32B: Low-
voltage fuses, of IEC technical committee 32: Fuses. 

This second edition constitutes a technical revision. 

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

a) recommendations for fuse operations in high altitudes added 
b) more details for operational voltages added 
c) recommendations for photovoltaic system protection added 
d) numerous details improved 

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

A list of all parts of the IEC 60269 series, under the general title: Low-voltage fuses, can be 
found on the IEC website. 

The committee has decided that the contents of the base publication and its amendment will 
remain unchanged until the stability date indicated on the IEC web site under 
"http://webstore.iec.ch" in the data related to the specific publication. At this date, the 
publication 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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INTRODUCTION 

Fuses protect many types of equipment and switchgear against the effects of over-current  
which can be dramatic: 

– thermal damage of conductors or bus-bars; 
– vaporisation of metal; 
– ionisation of gases; 
– arcing, fire, explosion, 
– insulation damage. 

Apart from being hazardous to personnel, significant economic losses can result from 
downtime and the repairs required to restore damaged equipment. 

Modern fuses are common overcurrent protective devices in use today, and as such provide 
an excellent cost effective solution to eliminate or minimize the effects of overcurrent. 
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LOW-VOLTAGE FUSES –  
 

Part 5: Guidance for the application of low-voltage fuses 
 
 
 

1 Scope 

This technical report, which serves as an application guide for low-voltage fuses, shows how 
current-limiting fuses are easy to apply to protect today's complex and sensitive electrical and 
electronic equipment. This guidance specifically covers low-voltage fuses up to 1 000 V a.c. 
and 1 500 V d.c. designed and manufactured in accordance with IEC 60269 series. This 
guidance provides important facts about as well as information on the application of fuses.  

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60050 (all parts), International Electrotechnical Vocabulary. Available from 
http://www.electropedia.org/ 

IEC/TR 60146-6, Semiconductor convertors – Part 6: Application guide for the protection of 
semiconductor convertors against overcurrent by fuses 

IEC 60269 (all parts), Low-voltage fuses 

IEC 60269-1:2006, Low-voltage fuses - Part 1: General requirements  
IEC 60269-1:2006/AMD1:2009  
IEC 60269-1:2006/AMD2:2014 

IEC 60269-2, Low-voltage fuses – Part 2: Supplementary requirements for fuses for use by 
authorized persons (fuses mainly for industrial application) – Examples of standardized 
systems of fuses A to K 

IEC 60269-3, Low-voltage fuses – Part 3: Supplementary requirements for fuses for use by 
unskilled persons (fuses mainly for household or similar applications) – Examples of 
standardized systems of fuses A to F 

IEC 60269-4:2009, Low-voltage fuses – Part 4: Supplementary requirements for fuse-links for 
the protection of semiconductor devices 

IEC 60269-6, Low-voltage fuses – Part 6: Supplementary requirements for fuse-links for the 
protection of solar photovoltaic energy systems 

IEC 60364-4-41:2005, Low-voltage electrical installations – Part 4-41: Protection for safety – 
Protection against electric shock 

IEC 60364-4-43:2008, Low-voltage electrical installations – Part 4-43: Protection for safety – 
Protection against overcurrent 

IEC 60364-5-52, Low-voltage electrical installations – Part 5-52: Selection and erection of 
electrical equipment – Wiring systems 
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IEC 60947 (all parts), Low-voltage switchgear and controlgear  

IEC 60947-3:20082015, Low-voltage switchgear and controlgear – Part 3: Switches, 
disconnectors, switch-disconnectors and fuse-combination units 

IEC 60947-4-1:2009, Low-voltage switchgear and controlgear – Part 4-1: Contactors and 
motor-starters – Electromechanical contactors and motor-starters 

IEC/TR 61912-1:2007, Low-voltage switchgear and controlgear – Overcurrent protective 
devices – Part 1: Application of short-circuit ratings 

3 Terms and definitions 

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

3.1  
switch (mechanical) 
mechanical switching device capable of making, carrying and breaking currents under normal 
circuit conditions, which may include specified operating overload conditions and also 
carrying, for a specified time, currents under specified abnormal conditions such as those of 
short-circuits 

Note 1 to entry: A switch may be capable of making but not breaking, short-circuit currents. 

[SOURCE: IEC 60050-441:1984, 441-14-10] 

3.2  
disconnector 
mechanical switching device that, in the open position, complies with the requirements 
specified for isolating function 

Note 1 to entry: Some disconnectors may not be capable of switching load. 

[SOURCE: IEC 60050-441:1984, 441-14-05, modified (modified definition and Note 1 to entry 
added)] 

3.3  
fuse-combination unit 
combination of a mechanical switching device and one or more fuses in a composite unit, 
assembled by the manufacturer or in accordance with his instructions 

[SOURCE: IEC 60050-441:1984, 441-14-04, modified (Note removed)] 

3.4  
switch-fuse 
switch in which one or more poles have a fuse in series in a composite unit 

[SOURCE: IEC 60050-441:1984, 441-14-14] 

3.4.1  
single-break and double-break  
switch-fuse must be single break (it opens the circuit on one side of the fuse link) or  double 
break (it opens the circuit on both sides of the fuse link) 

3.5  
fuse-switch 
switch in which a fuse-link or a fuse-carrier with fuse-link forms the moving contact 
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[SOURCE: IEC 60050-441:1984, 441-14-17] 

3.5.1  
single-break and double-break  
fuse-switch must be single break (it opens the circuit on one side of the fuse link) or  double 
break (it opens the circuit on both sides of the fuse link) 

3.6  
Switching device SD 
device designed to make or break the current in one or more electric circuits 

Note 1 to entry: A switching device may perform one or both of these operations. 

[SOURCE: IEC 60050-441:1984, 441-14-01, modified (Note 1 to entry added)] 

3.7  
short-circuit protective device SCPD 
device intended to protect a circuit or parts of a circuit against short-circuits by interrupting 
them 

3.8  
overload protection  
protection intended to operate in the event of overload on the protected section 

[SOURCE: IEC 60050-448:1995, 448-14-31] 

3.9  
overload 
operating conditions in an electrically undamaged circuit, which cause an over-current 

[SOURCE: IEC 60050-441:1984, 441-11-08] 

3.10  
overcurrent 
current exceeding the rated current 

[SOURCE: IEC 60050-442:1998, 442-01-20] 

3.11  
rated conditional short-circuit current (of a switching device) 
Iq 
prospective current that a switching device, protected by a short-circuit protective device, can 
satisfactorily withstand for the operating time of that device under test conditions specified in 
the relevant product standard 

3.12  
selectivity of protection  
ability of a protection to identify the faulty sections and/or phase(s) of a power system  

Note 1 to entry: Whereas the terms “selectivity” and “discrimination” have a similar meaning according to the IEV 
definitions, this report prefers and uses the term “selectivity” to express the ability of one over-current device to 
operate in preference to another over-current device in series, over a given range of over-current. The effect of 
standing load current on selectivity in the overload zone is also considered. 

[SOURCE: IEC 60050-448:1995, 448-11-06, modified (Note 1 to entry added)] 
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4 Fuse benefits 

The current-limiting fuse provides complete protection against the effects of overcurrents by 
protecting both, electric circuits and their components. Fuses offer a combination of 
advantageous features, for example: 

a) High breaking capacity (high current interrupting rating). 
b) No need for complex short-circuit calculations. 
c) Easy and inexpensive system expansion in case of increased fault currents. 
d) High current limitation (low I2t values). 
e) Mandatory fault elimination before reenergizing. 

Fuses cannot be reset, thus forcing the user to identify and correct the fault condition 
before re-energizing the circuit. 

f) Reliability. 
No moving parts to wear out or become contaminated by dust, oil or corrosion. Fuse 
replacement ensures protection is restored to its original level when the fuse is replaced. 

g) Cost effective protection. 
Compact size offers low cost overcurrent protection at high short-circuit levels. 

h) No damage for starters and contactors (type 2 protection according to IEC 60947-4-1).  
By limiting short-circuit energy and peak currents to extremely low levels, fuses are 
particularly suitable for type 2 protection without damage to components in motor circuits.  

 Compact size offers economical overcurrent protections at high short-circuit levels 
i) Safe, silent operation. 

No emission of gas, flames, arcs or other materials when clearing the highest levels of 
short-circuit currents. In addition, the speed of operation at high short-circuit currents 
significantly limits the arc flash hazard at the fault location. 

j) Easy coordination. 
Standardized fuse characteristics and a high degree of current limitation ensure effective 
coordination between fuses and other devices. 

k) Standardized performance. 
Fuse-links designed and manufactured in accordance with IEC 60269 series ensure 
availability of replacements with standardized characteristics throughout the world. 

l) Improved power quality. 
Current-limiting fuses interrupt high fault currents in a few milliseconds, minimizing dips or 
sags in system supply voltage. 

m) Tamperproof. 
Once installed, fuses cannot be modified or adjusted thus preserving their level of 
performance and avoiding malfunction. 

n) No maintenance. 
Properly sized fuses require no maintenance, adjustments or recalibrations. They can 
remain in service providing originally designed overcurrent protection levels for many 
decades. 

o) High level of energy efficiency. 
The resistance and therefore the power dissipation of the fuse is very low compared with 
other protection devices. The magnitude of power loss compared to the power transmitted 
by rated current is much less than 0,1%. 

p) Excellent personnel and equipment protection in case of arc flash. 
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q) Fuse-links will operate independent of the operation position of the fuse. The operation 

position is usually vertical. Other positions of use are permissible. The deratings of the 
manufacturers of the fuse must be observed.  
Properly sized current limiting fuses operating in their current limiting range interrupt 
currents due to arcing fault in a few milliseconds, keeping arc energy well below 
hazardous and damaging levels. 

5 Fuse construction and operation 

5.1 Components 

A fuse is a protective device comprising  

• the fuse-link, 

• the fuse-base, 

• the fuse-carrier or replacement handle. 

These components may be integrated in a fuse combination unit. 

5.2 Fuse-construction 

5.2.1 Fuse link 

Figures 1 and 2 show the design of typical low-voltage fuse-links for industrial application. 
Such fuse-links are commonly called current-limiting or high breaking capacity fuse-links. 
Fuse-links according to IEC 60269-2 (fuses for industrial application) are available in current 
ratings up to 6 000 A.  

Fuse-links according to IEC 60269-3 (fuses for household application) are available in current 
ratings up to 100 A. 

The fuse-element is usually made of flat silver or copper with multiple restrictions in the cross-
section, called notches. This restriction (or notch) pattern is an important feature of fuse 
design, normally achieved by precision stamping. 

M-effect (see 5.3.3) material is sometimes added to the fuse-element to achieve controlled 
fuse operation in the overload range. The purity of the fuse-element materials and their 
precise physical dimensions are of vital importance for reliable fuse operation. 
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Key 
1 Blade contact 

2 Fuse-elements 

3  Fuse body 

4  End cap 

5  Filler 

Figure 1 – Typical fuse-link according to IEC 60269-2 

 

Key 
1  Blade contact 

2  Fuse-element 

3  Fuse body 

4 Endplate (with gripping lug) 

5  Indicator wire 

6 M-effect material 

7 Filler 

8 Indicator 

Figure 2 – Typical fuse-link according to IEC 60269-2 

5.2.2 Fuse-link contacts 

Fuse-link contacts provide electrical connection between the fuse-link and fuse-base or fuse 
carrier. The contacts are made of copper or copper alloys and are typically protected against 
the formation of non-conductive layers by plating. 
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5.2.3 Indicating device and striker 

Some fuses are equipped with indicators or strikers for rapid recognition of fuse-link operation. 
Fuses equipped with strikers also provide means for mechanical actuation (e.g. for a switch of 
remote signalling) as well as a visual indication.  

5.2.4 Fuse-base 

The fuse-base is equipped with the matching contacts for accepting the fuse-link, connecting 
means for cables or busbars and the base insulator. 

5.2.5 Replacement handles and fuse-holders 

Replacement handles or fuse-carriers, where applicable, enable changing fuse-links in a live 
system under specified safety rules. They are made of insulating material and subjected to 
tests as required for safety tools. For some systems, fuse-carriers are an integral part of the 
fuse-holder, eliminating the need for an external replacement handle. 

5.3 Fuse operation 

5.3.1 General 

Fuses are designed to operate under both short-circuit and overload conditions. Typically 
short-circuits are current levels at or above 10 times the fuse’s rating, and overloads are 
current levels below 10 times the fuse’s rating. 

5.3.2 Fuse operation in case of short-circuit 

During a short-circuit, the restrictions (notches) all melt simultaneously forming a series of 
arcs equal to the number of restrictions in the fuse element. The resulting arc voltage ensures 
rapid reduction in current and forces it to zero. This action is called “current limitation”. 

Fuse operation occurs in two stages (see Figures 3a and 3b): 

• the pre-arcing (melting) stage (tm): the heating of the restrictions (notches) to the melting 
point and associated vaporization of the material; 

• the arcing stage (ta): the arcs begin at each notch restrictions and are then extinguished 
by the filler. 

• M-effect (see 5.3.3) is sometimes added to the fuse-element to achieve controlled fuse 
operation in the overload range; 

The operating time is the sum of the prearcing time and arcing time. 

The energies generated by the current in the circuit to be protected during pre-arcing time and 
operating time are represented by the pre-arcing I2t and operating I2t values, respectively. 
The diagrams in Figure 3 illustrate the current-limiting ability of the fuse-link under short-
circuit conditions.  

Note that the fuse-link cut-off current ic is well below the peak value of the prospective  
current IP. 
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Figure 3a – DC current Figure 3b – AC current 

Key 
tm   pre-arcing time 
ta     arcing time 
Ip    prospective current 
ic    current limited by the fuse  

Figure 3 – Current-limiting fuse operation 

5.3.3 Fuse operation in case of overload 

During an overload, the “M-effect” material melts and an arc forms between the two parts of 
the fuse element. The filler (typically clean granulated quartz) which surrounds the fuse 
element quickly extinguishes the arc forcing the current to zero. As it cools, the molten filler 
turns into a glass like material insulating each half of the fuse element from each other and 
preventing arc re-ignition and further current flow. Fuse operation still occurs in two stages 
(see Figures 4a and 4b): 

• the pre-arcing (melting) stage (tm): the heating of the fuse element to the melting point of 
the section containing the M-effect material. This period of time is typically longer than a 
few milliseconds and is inversely dependent on the magnitude of the overload current. 
Low level overloads result in long melting times from several seconds to several hours.   

• the arcing stage (ta): the arc initiated at the M-effect section  is then extinguished by the 
filler. This time is dependent on the operating voltage  

• Both stages make up the fuse operating time (tm + ta). The energy generated in the circuit 
to be protected by the overload current during pre-arcing (melting) time and operating time 
can still be represented by the pre-arcing I2t and operating I2t values, respectively; 
however under overload conditions the pre-arcing I2t value is so high it provides little 
useful application data and the prearcing time is the preferred measure for times longer 
than a few cycles or few time constants. In this case, arcing time is negligible compared to 
the prearcing time. 
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Figure 4a – AC current Figure 4b – DC current 

Figure 4 – Fuse operation on overload 

5.3.4 Fuse link pre-arcing time current characteristic: 

The melting time of a fuse-link is therefore also termed the "pre-arcing" time. Fuse-links 
therefore have a very inverse time-current relationship (higher currents giving shorter pre-
arcing times) as illustrated in Figure 5. This enables extremely short pre-arcing times at high 
currents, without limit. It is this apparently simple phenomenon that is primarily responsible for 
the universal success fuses have enjoyed for a very long time. 
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Key 
1 Maximum operating time 

2 Minimum pre-arcing time 

Figure 5 – Time current characteristic for fuse-links 
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5.3.5 Fuse operation in altitudes exceeding 2 000 m 

Low voltage fuse-links will carry rated current at altitudes of up to 2 000 m without any de-
rating factor required. This is as stated in IEC 60269-1:20062014, Subclause 3.2. 

For the current carrying capacity of a fuse and the cable is to be influenced by the cooling 
effect of the surrounding air, the current carrying capacity is derated with the lower air 
pressure. This can be described by the following approximation: 

Above 2 000 m a de-rating factor of 0,5 % for every 100 m above 2 000 m will be required, 
due to reduced convection of heat away from the fuse-link with lower air density and lower air 
pressure. 

This can be described by the formula: 

100
5,0

100
20001 ⋅

−
−=

h
I
I

n
 

I maximum current carrying capacity at altitude h 
In rated current up to 2 000 m 
h altitude in meters   

Table 1 – Derating factors for different altitudes 

Altitude h  
in m 

Derating factor  
I/In 

2 000 1,000 

2 500 0,975 

3 000 0,950 

3 500 0,925 

4 000 0,900 

4 500 0,875 

5 000 0,850 

 

6 Fuse-combination units 

Fuse-combination units integrate both circuit protection provided by fuse-links and circuit 
switching provided by the switch in one unit. Fuse-combination units are standardized in 
IEC 60947-3:2008, Table 2 shown in Table 2 (equivalent to Table 1 of IEC 60947-3:2008). 

Two different types of fuse-combination units are available: 

• switch-fuses, switch-disconnector-fuses are switches connected in series with the fuse-
links and are usually operator independent devices with manual operation  (snap action); 

• fuse-disconnectors and fuse-switch-disconnectors which use the fuse-link itself to form the 
moving part are usually operator dependent devices with manual operation. 

Definitions can be found in IEC 60947-3 or in IEC 60050-441. The main ones are shown here 
for easier reading and their full description can be found in Clause 3: 

– switch (mechanical) (see 3.1); 
– disconnector (see 3.2); 
– fuse combination unit (see 3.3); 
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– switch-fuse (see 3.4); 
– fuse-switch (see 3.5). 

From these basic definitions, there are many variations of these devices as shown in Table 2. 

Table 2 – Definitions and symbols of switches and fuse-combination units 

Functions 

Making and breaking current Isolating Making, breaking and isolating 

Switch 

 

Disconnector 

 

Switch-disconnector 

 

Fuse-combination units

 

Switch-fuse 
single break 

  a 

Disconnector-fuse 
single breakb 

  a 

Switch-disconnector-fuse 
single breakb 

 
  a 

Switch-fuse 
double break 

 

Disconnector-fuse 
double breakb 

 

Switch-disconnector-fuse 
double breakb 

 

Fuse-switch 
single break 

 

Fuse-disconnector 
single breakb 

 

Fuse-switch-disconnector 
single breakb 

 

Fuse-switch 
double break 

 

Fuse-disconnector 
double breakb 

 

Fuse-switch-disconnector 
double breakb 

 

Equipment shown as single break may be double break. 

NOTE Symbols are based on IEC 60617-7. 

a The fuse may be on either side of the contacts of the equipment or in a stationary position between these 
contacts. 

b  Disconnection between line and load terminals only is verified by test. 
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The note to the definition of the switch, i.e. stating that a switch may be capable of making but 
not breaking, short-circuit currents, very clearly shows that a switch to IEC 60947-3  does not 
provide short-circuit breaking capacity. In the case of a fuse-combination unit the fuse takes 
over the breaking function. 

Since most of the fuse-combination units with the fuse as an integral unit are designed as 
fuse-switch disconnectors, or switch-disconnector-fuses, they may be used for 

• switching under load, 

• isolation, 

• short-circuit protection. 

The fuse(s) fitted to a fuse combination switch also protect the switch itself against the effects 
of overcurrent. 

The fuse(s) fitted to a fuse-combination unit or fuse-combination switch also protect the unit 
or the switch itself against the effects of overcurrent.  

7 Fuse selection and markings 

To select the proper fuse the nature of the equipment to be protected and the power that has 
to be interrupted, must be considered. With respect to power supply, the following parameters 
shall be defined: 

– system voltage (operational voltage); 
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– frequency (for d.c. applications, see Clause 17); 
– prospective short-circuit current; 
– full load current (operational current). 

Current limiting fuse-links are designed with very high rated breaking capacity. They are 
usually much higher than the minimum values specified in IEC 60269-2 and IEC 60269-3. 
Fuse-links are available with rated breaking capacities that cover the highest prospective 
current levels, that are met in service (e.g. up to 200 kA).  

NOTE 1 Fuse-links can be safely applied at lower values than the rated breaking capacity. 

Fuse selection for a specific application involves consideration of the time-current 
characteristics and breaking range. The time-current characteristics determine the field of 
application, while the breaking range indicates whether fuses are to be used together with 
additional overcurrent protection devices. 

"Full range" means that the fuse can break any current able to melt the fuse-element up to the 
rated breaking capacity. Full range fuses can be used as stand-alone protection devices. 

"Partial range", or back-up fuses, are designed to interrupt short-circuit currents only.  

They are generally used to back-up another overcurrent protection device, (e.g. motor starter 
or circuit-breakers) at prospective currents exceeding the breaking capacity of the device 
alone. 

IEC 60269 series and its various fuse systems specify the gates of time-current 
characteristics and the breaking range of the fuses shown in Table 3: 

Table 3 – Fuse application 

Utilization category Application (characteristic) Breaking range 

gG, gK General purpose  Full range 

gM Motor circuit protection Full range 

aM Short-circuit protection of motor circuits Partial range 
(back-up) 

gN North American general purpose for conductor protection Full range 

gD North American general purpose time-delay Full range 

gPV Photovoltaic (PV) protection Full range 

aR Semiconductor protection Partial range 
(back-up) 

gR, gS Semiconductor and conductor protection Full range 

gU General purpose for conductor protection Full range 

gL, gF, gI, gII Former types of fuses for general purpose (replaced by gG type) Full range 

gBat, aBat Protection of batteries Full and partial range 

 

Fuses for use by authorized persons (industrial fuses) are generally interchangeable. Each 
fuse-link, fuse-base or fuse-holder is therefore legibly and permanently marked with the 
following information: 

• name of the manufacturer or trade name; 

• manufacturer's identification reference enabling any further information to be found; 

• rated voltage a.c. and/or d.c. (see Tables 4 and 5); 

• rated current; 
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• rated frequency if < 45 Hz or > 62 Hz; 

• size*) or reference. 

NOTE 2 The definition of fuse sizes, especially the dimensions are given by IEC 60269-2. In general fuse- links 
and fuse-bases and fuse-combination units shall have the same size. Some manufacturers offer to use a smaller 
fuse-link size in a bigger fuse-base or fuse-combination unit.  

Example: size 1 fuse-link used in size 2 fuse-switch disconnector. Those combinations shall be tested and 
confirmed by the manufacturer. 

In addition, each fuse-link is marked with 

• letter code defining breaking range and utilization category (as applicable, see Table 3) 

• rated breaking capacity 

Fuse-bases and fuse-holders marked with a.c. ratings may also be used for d.c. 

Fuse-links are marked separately if they are provided for a.c. and d.c. applications. 

Fuses may be operated up to the maximum voltage as given in Table 4 and Table 5. 

Table 4 – Maximum operational voltage of a.c. fuse-links 

Utilization category Rated voltage 
V a.c. 

Maximum operational voltage 
V a.c. 

gG, gM, aR a, b, aM, gR a, b, gS a, b, 
gU, gK 

230 253 

400 440 

500 550 

690 725 

 1000 1100 

gNa, gDa 600 600 

a For North American system of fuse-links, the maximum operational voltage is equal to the rated voltage. 

b Other rated voltages are available depending on the application. 

 

Table 5 – Typical operational voltage ratings of d.c. fuse-links 

Utilization category Typical rated d.c. voltage Typical maximum d.c. 
operational voltage 

Time constant 

gG, gM, gU, gK up to 500 V +10 % over marked rating 15 to 20 ms 

gN, gD up to 500 V +0 % over marked rating  a 10 to 15 ms 

aR, gR, gS up to 1 500 V  b +5 % over marked rating  a 15 to 20 ms 

VSI (inverter rating) up to 1 500 V  b +10 % over marked rating  a 1 to 3 ms 

gPV up to 1 500 V  b +0 % over marked rating  a 1 to 3 ms 

a For North American system of fuse-links, the maximum operational voltage is equal to the rated voltage 
b Other rated voltages are available according to application 

 

The rated voltage of the fuse link should be recognized as the maximum system voltage in 
which the fuse link should be applied. The test voltage prescribed in the standard is a 
percentage above the rated voltage to allow for the allowable system deviations but it is also 
the safety factor built into products to the standard. 
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8 Conductor protection 

8.1 General 

Fuse-links are extensively used for the protection of conductors in accordance with 
IEC 60364-4-43. 

Fuse-links can be used to ensure protection against both overload current and short-circuit 
current, simple and effective guidance for the selection of fuse-links are provided in the 
following: 

• Utilization category gG see 8.2 

• Utilization categorys gN and gD (North American)  see 8.3 

• Utilization categorys gR and gS (Semiconductor protection)  see 8.4 

• Utilization category gU see 8.5 

• Utilization category gK see 8.6 

• Utilization category gPV see 8.7 

It should be stressed that IEC 60364-4-43 requires that every circuit shall be designed so that 
small overloads of long duration are unlikely to occur. For small overloads between 1 and 
1,45 times the rated current of the overload protective device, the device may not operate 
within the conventional time. Ageing and deterioration of connections increase rapidly as 
operating temperatures exceed the rated values.  

Caution: It is never acceptable to use the overload protective device as a load-limiting device. 
Continuous operation of the fuse-link above its rated current may result in overheating and 
nuisance operation. 

In some applications fuse-links ensure protection against short-circuits only. In such cases 
overload protection shall be provided by other means.  

Guidance for protection against short-circuits only is provided in 8.5 and Clause 13. 

8.2 Utilization category  gG 

Fuse-links of utilization category gG are able to break overcurrents in the conductors before 
such currents can cause a temperature rise damaging the insulation. 

Fuse-link selection can be easily made, taking the following steps: 

a) The maximum operational voltage (see Table 4) of the fuse-link is selected to be greater 
or equal to the maximum system voltage. 

b) The operational current IB of the circuit is calculated. 
c) The continuous current-carrying capacity of the conductor Iz is selected in accordance 

with IEC 60364-5-52.  
d) The rated current In of the fuse-link is selected to be equal or greater than the operational 

current of the circuit and equal or smaller than the continuous current-carrying capacity of 
the conductor: 

IB ≤ In ≤ Iz 
 

I2  ≤ 1,45 ∙ Iz 

where 

IB  is the operational current of the circuit; 
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Iz  is the continuous current-carrying capacity of the conductor (see IEC 60364-5-52); 
In  is the rated current of the fuse-link; 
I2    is the conventional tripping current [IEC 60050-442:1998, 442-05-55], see Figure 6 

For gG fuses the I2 (of IEC installation rules) is It =  1,45∙In 

When the fuse-links are selected on the above basis, the shape of the time-current 
characteristics ensures that the conductors are adequately protected at high over-currents. 

 

 

IEC   0833/14 

IB ≤ In ≤ Iz 
I2  ≤ 1,45 × Iz Current carrying 

capacity Iz Design current IB 

1,15 × Iz 

I (A) 

Reference values 
for wiring 

Characteristics of 
the protective devices 

Rated current or 
current setting In 
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(B.1) 
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Figure 6 – Currents for fuse-link selection 

8.3 Utilization category gN and gD 

The requirements for the selection of fuses for the protection of conductors are found in the 
North American wiring regulations. 

a) The voltage rating of the fuse is selected to be equal to or greater than the maximum 
system voltage. 

b) The load current is calculated and multiplied by 1,25 for continuous loads (continuous 
loads are those which are present for 2 h or more). 

c) The conductor size is selected from an ampacity (current-carrying capacity) table found in 
the wiring regulations. 

d) The general rule for selecting the fuse is to select a standard fuse current rating to 
coincide with the conductor ampacity. For conductor ampacity less than 800 A, if the 
conductor ampacity falls between two standard fuse-link current ratings, the larger fuse-
link current rating is used. For conductor ampacities of 800 A and over, if the ampacity 
falls in between two standard fuse-link current ratings, then the smaller fuse-link current 
rating is used. 

e) The fuse selected protects the conductor under short-circuit and overload conditions. In 
practice, North American conductor standards have been coordinated with fuse standards 
so that short-circuit protection is achieved. For other types of conductors, short-circuit 
withstand ratings are compared with the fuse characteristics to make sure that conductor 
damage does not occur. 

8.4 Utilization category gR and gS 

Fuse-links for the protection of semiconductor devices are covered by IEC 60269-4 (see 
Clause 15). Most of such fuse-links are for short-circuit protection, utilization category aR. In 
some applications overload protection is required for the conductors feeding the 
semiconductor converter and this application is covered by utilization category gR, optimised 
to low I2t values and utilization category gS, optimised to low power dissipation values.  

The same selection process for the protection of conductors is used as in 8.2. 
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8.5 Utilization category gU 

Fuse links to class gU are primarily for cable protection, as class gG, but their performance is 
optimised for use by supply utilities. The same selection process for the protection of cables 
should be used as in Subclause 8.2. 

8.6 Utilization category gK 

Fuse links to class gK are primarily for cable protection, as class gG, but their range of 
current ratings is up to 4 800 A  and these are very limitating limiting current fuses and have 
very low cut-off current characteristics. The same selection process for the protection of 
cables should be used as in Subclause 8.2. 

8.7 Utilization category gPV 

Fuse-links for the protection of solar photovoltaic energy systems are covered by IEC 60269-6 
(see Clause 19.). These fuse-links are for overload protection and strings, array and sub-
array disconnection. 

8.8 Utilization category gBat 

Selection of a fuse for battery systems. These fuse-links are for overload and short circuit 
protection. 

8.88.9 Protection against short-circuit current only 

In those applications where the fuse-links are to provide back-up or short-circuit protection to 
the conductors, then co-ordination must be ensured by providing fuse-links which let through 
operating I2t values lower than those which can be withstood by the conductors. For fault 
durations of 5 s or less, the I2t withstand of conductors may be determined from the 
expression 

I2t = k2∙S2 

in which S is the cross-sectional area of the conductor in square millimetres and k is a factor 
which depends on the conductor material and the limiting temperature which can be withstood 
by the insulation. Values of k for various conductor and insulation combinations are given in 
IEC 60364-4-43:2008, Table 43A.  

9 Selectivity of protective devices 

9.1 General 

Selectivity of protective devices is an important point to be considered when designing low-
voltage installations. The aim of selectivity is to minimize the effects of a fault. Only the 
faulted circuit shall be opened while the others shall remain in service. Selectivity is achieved 
if a fault is cleared by the protective device situated immediately upstream of the fault without 
operation of other protective devices. 

The following explanation applies to the most widespread application, the radial network. 

Selectivity may be explained using the network diagram in Figure 7. Using this diagram, 
several cases of selectivity may be considered: 

between F2 and F4 ⇒ see 9.2 

between F1 and F3 ⇒ see 9.2 

between C1 and F3 ⇒ see 9.3 
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between C2 and F5, F6 ⇒ see 9.3 

between F2 and C3 ⇒ see 9.4 

between F1 and C1 ⇒ see Clause 14 

The essential tools to investigate selectivity between protective devices are the time-current 
characteristics and I2t values. IEC 60269-2 shows time-current characteristics for a time 
range of ≥ 0,1 s only. The values of I2t for a time range < 0,1 s shall be supplied by the 
manufacturer. 

 

F1 

C1 

F2 F3 C2 

C3 F4 F5 F6 

IEC   2067/10  

Key 
C Circuit Breaker 

F Fuse 

Figure 7 – Selectivity – General network diagram 

9.2 Selectivity between fuses 

9.2.1 General 

The selectivity between fuse-links is verified by means of the time-current characteristics (see 
Figure 8) for operating times ≥ 0,1 s and the pre-arcing and operating I2t values for operating 
times < 0,1 s  

NOTE The fuse manufacturer will supply values of operating I2t at the rated voltage(s) assuming very low 
impedance short-circuit fault. In practice the let-through operating I2t will generally be a lower value due to the 
impedance of the fault and the actual voltage appearing across the fuse during operation. 

9.2.2 Verification of selectivity for operating time ≥ 0,1 s 

The maximum operating time of F4 shall be less than the minimum pre-arcing time of F2 for 
each value of prospective current (see Figure 8). 
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Where only one curve for the fuse link characteristic is given, the manufacturer should state 
the tolerance. 

Figure 8 – Verification of selectivity between fuses F2 and F4  
for operating time t ≥ 0,1 s 

9.2.3 Verification of selectivity for operating time < 0,1 s 

For these operating times, the I2t values shall be considered. The maximum operating I2t 
value of F4 shall be lower than the minimum pre-arcing I2t of F2. 

9.2.4 Verification of total selectivity 

Both above requirements set out in 9.2.1 and 9.2.2 shall be met to achieve total selectivity 
between F2 and F4. These verifications are made by examination of the manufacturer’s time-
current characteristics and I2t values. 

Fuses according to IEC 60269-2 of the same utilization category, e.g. gG, with rated currents 
≥16 A, meet these total selectivity requirements by definition if the ratio of rated currents is 
1,6: 1 or higher. No additional verification by the user is therefore needed. In case of gN or gD 
fuses with rated current above 15 A the ratio is 2:1. 

9.3 Selectivity of between circuit-breakers upstream of and fuses 

9.3.1 General 

The selectivity is verified by using time-current characteristics, I2t values or by testing. 
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9.3.2 Verification of selectivity for operating time ≥ 0,1 s 

The maximum operating time of F5 or F6 shall be lower than the minimum tripping time of C2 
(see Figure 9). 
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Figure 9 – Verification of selectivity between circuit-breaker C2 and fuses F5 and F6 

9.3.3 Verification of selectivity for operating time < 0,1 s 

The operating I2t value of the fuse must be smaller than the minimum tripping I2t of the circuit 
breaker. 

Data for I2t values of fuses can be taken from the standard values. 

Data from the circuit breaker can be taken out of its time-current characteristics and in the 
zone of instantaneous tripping, data must be provided by the manufacturer. 

9.3.4 Verification of total selectivity 

The requirements of both 9.3.2 and 9.3.3 shall be fulfilled to obtain total selectivity between 
C2 and F5 or F6. 

In practice, circuit-breaker manufacturers give selectivity tables between circuit-breakers and 
selected fuses. Such choices are also valid for equivalent or lower rated current fuses. 
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9.4 Selectivity of between fuses upstream of and circuit-breakers 

9.4.1 General 

The selectivity is verified by means of time-current characteristics and I2t values or by testing. 

9.4.2 Verification of selectivity for operating time ≥ 0,1 s 

The maximum operating time of the circuit-breaker C3 shall be lower than the minimum pre-
arcing time of the fuse F2 (see Figure 10). 

9.4.3 Verification of selectivity for operating time < 0,1 s 

The minimum pre-arcing I2t value of the fuse must be bigger than the maximum tripping I2t of 
the circuit breaker. 

Data for I2t values of fuses can be taken from the standard values. 

Data from the circuit breaker can be taken out of its time-current characteristics and in the 
zone of instantaneous tripping, data must be provided by the manufacturer. 

9.4.4 Verification of total selectivity 

The requirements of both 9.4.2 and 9.4.3 shall be met to achieve total selectivity between C3 
and F2. For prospective currents below Ic (see Figure 11) selectivity is achieved. For 
prospective currents above IC, selectivity is not achieved. 
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Figure 10 – Verification of selectivity between fuse F2  
and circuit-breaker C3 for operating time t ≥ 0,1 s 
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Figure 11 – Verification of selectivity between  
fuse F2 and circuit-breaker C3 for operating time t < 0,1 s 

10 Short-circuit damage protection 

10.1 General 

A short-circuit or fault occurs when a low impedance current path becomes available between 
two live parts or between live parts and earth, usually due to insulation breakdown, 
mechanical damage, wiring error or accident.  

10.2 Short-circuit current paths 

If the current path is a solid connection, the current rises to a value dependent on the voltage 
and the impedance of the conductors involved. Typically, the connection is very low 
impedance and the current is then quite high so that mechanical and thermal damage to 
conductors and insulation systems result. Mechanical damage to conductors is due to 
magnetic forces which attract or repel circuit conductors thus bending them and destroying 
insulation systems. Thermal damage to conductors is due to overheating and compromised 
insulation systems, followed by conductor melting and arcing. 

If the current path is not a solid connection, an electrical arc takes place at the point of 
poorest connection. This event is referred to as an “arcing fault”. The current rises to a value 
dependent on the impedance of the conductors plus the impedance of the arc. Typically 
conductor mechanical and thermal damage result accompanied by localized conductor melting 
and metal vaporization at the point of arcing. Metal vaporization in air in the presence of an 
electrical arc is a dangerous condition, and an explosion results (an arc blast). Its severity is 
dependent on a number of circuit parameters but primarily on how much electrical energy is 
available and how much melted material is available to vaporize. 
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10.3 Current limitation 

Fuses offer one of the most cost effective methods for protecting equipment, personnel and 
components from damage due to short-circuits, faults, and arcing faults. The reason behind 
this is the inherent current limiting ability of fuse-links. As discussed earlier, fuse-links melt 
and break the current very rapidly when exposed to high current levels (see 5.3.2). Peak 
current IC which occurs just after the fuse-link melts is well below the prospective current and 
operating I2t is kept low since the filler within the fuse body extinguishes the arcs taking place 
between the parts of the fuse-link (typical fuse clearing times are less than half a cycle). 
These low IC, less than half cycle clearing times, and low operating I2t provide the following 
benefits in case of a short-circuit or arcing fault: 

• No mechanical or thermal damage to conductors or insulation systems. 

• Little or no melting or arcing at the site of the fault. 

• High reduction of arc energy levels resulting in effective mitigation of arc blast. 

10.4 Rated conditional short-circuit current, rated breaking capacity 

Assemblies of and components in electrical systems are assigned a short-circuit rating by the 
manufacturer which is the maximum permissible prospective short-circuit current in terms of 
magnitude and time that the device will withstand at its terminals.  

This rating is established by test. If such a device contains or includes a fuse-link as an 
integral part, it is expressed as Icc, rated conditional short-circuit current (see IEC 61912-
1:2007, Clause 5).  

Typically current limiting fuses are designed for use in circuits with high prospective currents 
and when used in assemblies or switches afford a high Icc rating for the assembly or switch. 
This enables the device or assembly to be more widely applied, since safe practice dictates 
that the Icc rating of the device or assembly must be equal to or higher than the system 
prospective short-circuit current.  

11 Protection of power factor correction capacitors 

IEC 60269-1 and IEC 60269-2 do not contain any requirements or verification test duties for 
fuses in circuits containing primarily capacitors. The use of fuses according to IEC 60269-2, 
utilization categories gG and gN for short-circuit protection of power factor correction 
capacitors has been a well-established engineering practice for many years.  

Reliable function of gG and gN fuses in such applications requires selection of fuse-links with 
respect to the following considerations: 

– high inrush currents up to 100 times rated current of the capacitor; 
– continuous operating current up to 1,5 times rated current of the capacitor (this includes 

harmonics); 
– increasing service voltage up to 1,2 times during low-load periods for 5 min; 
– fluctuation of the service voltage up to 1,1 times for 8 h. 

– capacitance (and subsequently operating current) tolerances of +15 %; 

The rated current of the fuse-link is selected so that 

– the inrush currents do not melt or deteriorate the fuse-element, 
– potential over-currents do not lead to premature operation of the fuse-links. 

The rated current of the gG and gN fuses is selected to be 1,6 to 1,8 times the rated current 
of the capacitor unit or capacitor bank. Under this condition, the fuse provides reliable short-
circuit protection to the capacitors. Overload protection, if necessary, must be provided by 
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additional suitable means. As a general rule, fuses for power factor correction capacitors have 
to be oversized with respect to rated current and rated voltage. This is especially true as 
regards small capacitor units having a higher inrush current related to their rated current. 

NOTE Cross-sections of the connecting cables are selected according to the fuse current rating (see 8.2). 

Recommended fuse selection for the most common sizes and voltages of power factor 
correction capacitors is shown in Table 6. 

Table 6 – Fuse selection for power factor correction capacitors 
(fuses according to IEC 60269-2, system A) 

 Rated Voltage (three-phase 50 Hz system) 

Power factor 
correction capacitor 

400 V 
k = 2,5 

525 V 
k = 2 

690 V 
k = 1,5 

1 000 V 
k = 1,5 

Fuse 500 V 690 V 1 000 V a 1 500 V b 

Capacitor size QN Rated Current IN of the fuse 

Up to 5 kVAR 16 A    

Up to 7,5 kVAR 20 A    

Up to 12,5 kVAR 32 A (35 A) 32 A (35 A)   

Up to 20 kVAR 50 A  32 A (35 A)  

Up to 25 kVAR 63 A 50 A   

Up to 30 kVAR 80 A 63 A 50 A 32 A (35 A) 

Up to 40 kVAR 100 A 80 A 63 A  

Up to 50 kVAR 125 A 100 A 80 A 50 A 

Up to 60 kVAR 160 A 125 A 100 A 63 A 

Up to 80 kVAR 200 A 160 A 125 A 80 A 

Up to 100 kVAR 250 A 200 A 160 A 100 A 

Up to 125 kVAR 315 A 250 A 200 A 125 A 

Up to 160 kVAR 400 A 315 A 250 A 160 A 

Up to 200 kVAR 500 A 400 A 315 A 200 A 

Up to 250 kVAR 630 A 500 A 400 A 250 A 

a  690 V may be possible under certain conditions, check with manufacturer. 

b 1 200 V or 1 300 V may be possible under certain conditions, check with manufacturer. 

 

The rated current of the fuse may be calculated from the following rule of thumb: 

In = k∙ QN 

where 
In fuse rated current, in A; 
Qn capacitor size, in kvar; 
k  factor from Table 6. 

12 Transformer protection 

12.1 Distribution transformers with a high-voltage primary 

Transformers feed most low-voltage distribution systems from a high-voltage, above 
1 000 V a.c. primary. Short-circuit protection of these transformers are generally provided by 
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high voltage fuse-links on the primary, and such fuse-links are selected to withstand the 
transformer magnetising (inrush) current during energization. 

Low-voltage fuse-links on the secondary side of such distribution transformers give protection 
to their associated feeder circuits. Such fuse-links have to be selective with the fuse-links on 
the primary side of the transformer, taking into account the appropriate transformation ratio.  

12.2 Distribution transformers with a low-voltage primary 

Low-voltage distribution systems following North American practice often have transformers 
with a low-voltage primary and secondary for example 480/277 V to 208/120 V. Such 
transformers may typically have ratings up to a few thousand kVA. 

Fuse-links on the primary side are used to provide short-circuit protection and fuse-links may 
be used on the secondary side to provide overload protection to the transformer. In some 
cases only primary circuit fuse-links are used while in other cases additional feeder circuit 
fuse-links are used on the secondary side, as in 12.1.  

The primary side fuse-links have to be selected to withstand the magnetising inrush current 
and an industry guide is: 

• 20 times transformer primary full load current for 0,01 s and 

• 12 times transformer primary full load current for 0,1 s 

• Selectivity for the primary and all the secondary fuse-links and any other over-current 
protection has to be made taking into account the appropriate transformation ratio. 

• In some applications transformers with a low-voltage primary and secondary are used for 
example battery chargers and tools, for safety reasons, fed from voltages up to 110 V. 

12.3 Control circuit transformers 

For these low power transformers, the peak inrush magnetising current in the first half cycle 
can be as high as 100 times the full load current. Many control circuit transformers have 
internal thermal protection since the over current devices on the primary side shall be greatly 
oversized to account for the tremendous inrush currents. 

13 Motor circuit protection 

13.1 General 

Fuses are commonly used as part of the protection in motors and motor-starters circuits. 
General-purpose fuses (utilization category gG and gN) can be used for this purpose. Their 
current rating shall be chosen to withstand the starting current of the motor, which is 
dependent on the method of starting used, e.g. 

– 6 to 8 times the rated motor current for direct on line starting, 
– 3 to 4 times the rated motor current for star delta or autotransformer. 

The rated current of the fuse may therefore be significantly higher than the rated current of 
the motor. 

Special types of fuses exist for this application, such as gD and gM utilization category fuses 
which are full range breaking capacity fuses and aM utilization category back-up fuses 
designed to provide short-circuit protection only. These special utilization categories of fuses 
are designed to withstand high motor starting currents without the need for increasing the 
current rating as required for general purpose utilization categories. Characteristics for these 
utilization categories can be found in IEC 60269-1 and IEC 60269-2. 
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Fuse manufacturers provide motor fuse application data. Fuses for motor circuit protection are 
chosen to be selective with the motor protection provided by the overload-relay associated 
with the motor-starter. 

13.2 Fuse and motor-starter coordination 

The coordination between motor-starters and the fuses which protect them is covered in IEC 
standards by requirements and tests such as those in IEC 60947-4-1. Two kinds of co-
ordination are defined: type 1 and type 2 (see also Table A.3). 

The aim of successful coordination is to ensure adequate protection against short-circuit 
current and selectivity between starter and fuses. Satisfactory selectivity will avoid damage to 
the contactor and unexpected opening of the motor circuit. 

Recommendations for suitable fuse-links for use in combination with a contactor/motor-starter 
can be found in manufacturers' catalogues. 

The aim of this subclause is to give guidance to the end-user to find an alternative 
replacement fuse to the one specified by the manufacturer of the starter. Relevant installation 
codes must be followed.  

More detailed information is given in Annex A to specify the tests and calculation necessary to 
achieve the coordination between the motor-starter and the fuse which protects it. 

Tests are specified at three levels of prospective current, according to IEC 60947-4-1: 

a) in the region of the current Ico defined as the co-ordination at the crossover current (see 
13.4). Tests are made at 0,75 Ico when the starter shall disconnect the current without 
damage and the fuse does not operate, and at 1,25 Ico when the fuse shall operate before 
the starter (see Figure 12). The verification of co-ordination at the crossover current is 
also possible by an indirect method (see B.4.5 of IEC 60947-4-1:2009); 

b) at the appropriate value of prospective current "r" shown in IEC 60947-4-1:2009, Table 12 
(see Table A.2); 

c) at the rated conditional short-circuit current Iq stated by the manufacturer of the switching 
device, if higher than the test current "r". 

The fuse selected shall withstand the motor starting current and is normally selected from the 
recommendations of the manufacturer and in compliance with national installation codes and 
wiring rules. 

Examples of suitable fuse-links used for motor protection are given in Table A.1. 

The cross-over point of the fuse and the starter characteristics shall be within the breaking 
capacity of the contactor and the fuse is selected so that it does not operate while carrying 
the starting current of the motor (see Figure 12). 

13.3 Criteria for coordination at the rated conditional short-circuit current Iq 

Guidance for choosing the maximum rated current of an alternative fuse type: Annex A of 
IEC 61912-1:2007 details the method to be used. Basically the following shall be fulfilled. 

The values of the voltage, the current and the conditional short-circuit current (Iq) for the 
circuit shall not be higher than the reference tested data. 

Considering the characteristics of the substitute fuse, the Ico and I2t values shall be 
determined for the rated conditional short-circuit current Iq and at the voltage U 3 /2. 
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The values of ICO and of I2t determined as above shall be not greater than the reference test 
values. 

Conformity with the above shows that the fuse substitution is valid and no further verification 
tests are required. 

13.4 Criteria for coordination at the crossover current Ico 

Ico is the current corresponding to the intersection of the mean time-current characteristics of 
the fuse and the overload relay of the starter (see Figure 12). Tests are prescribed for 
ensuring proper coordination at Ico in IEC 60947-4-1:2009, Clause B.4. 

Important factors are: 

– the no-damage characteristic of the overload relay; 
– Ico must be lower than the electrodynamic withstand current of contacts of the contactor 

and overload relay.; 
– the operating time-current characteristic of the associated fuse at currents above Ico must 

be lower than the no damage characteristic of both the overload relay and the contactor in 
the region , where the fuse has take over the protective duty. 

Thus, if an alternative replacement fuse type is used without further testing, its cross-over 
current shall not exceed the value of Ico observed in the type test, and its time-current 
characteristic at currents above Ico shall not show any greater times than the fuse used in the 
tested combination or damage to the starter may occur. 

A fuse chosen in this way and in accordance with IEC 60947-4-1 provides protection for the 
starter and associated equipment at overcurrents exceeding the breaking capacity of the 
starter up to the rated conditional short-circuit current of the starter. 
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Figure 12 – Fuse and motor-starter coordination 

13.5 Criteria for coordination at test current “r” 

Basically, the characteristics to be considered for the alternative fuse are the Ic and I2t values 
as suggested in Annex A of IEC 61912-1:2007. It is generally assumed that where these 
conditions are fulfilled for the Iq values, they are also fulfilled for the current “r”. 
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