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Why do we need Standards?

IEC 61439 series
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The purpose of standards is to establish 
- Definitions of terms
- Environmental Conditions
- Features 
- Performance of Equipment
- Testing and Verification Requirements

The standards serves important functions for  ABB,  as well as for 
the specifier and user guaranteeing :
- Performance
- Safety
- Reliability
- Maintainability

The purpose of standards



Structure of IEC 61439 series
IEC 61439 series
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• One document for general 
rules – IEC 61439-1

• One subsidiary part for each 
application (product 
standards) for low voltage 
switchgear – IEC 61439-2 

• For other application (product 
standards) – IEC 61439-3 to 7

The standard format was revised as below: IEC 61439 series
Low-voltage switchgear and controlgear assemblies

Part 0
“Guide for 
specifying 
assemblies

”

Part 1
„General rules“

Part 2
“Power switchgear and 
controlgear assemblies”

Part 5
“Assemblies for 

power 
distribution”

Part 3
“Distribution 

boards”

Part 4
“Assemblies for 

construction sites”

Part 6
“Busbar trunking 

systems”

Part 7
“Campsite, 
markets, 
marinas

EV”



IEC 61439 series

.
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1985
• IEC 60439 

Published

2009
• IEC 61439-1  

Edition 1 
Published

2020
• Latest IEC 

61439-1 Edition 
3 Published

Development of Standard

IEC 60439-1
o First published in 1985
o Withdrawn in January 2014

IEC 61439-1 and -2 Ed 1.0 was published in January 2009
o From now on it used is to deliver LV switchgear and

controlgear assemblies acc. IEC 61439-2.
o All verification testing since 2009 for the ABB MNS® portfolio

has been based upon IEC 61439-2.
o IEC 61439-1 and -2 Ed 2.0 was revised & published in August

2011.
o IEC 61439-1 Ed 3.0 was revised & published in May 2020

35 years

Would you still specify products that were based on 35 year old technology?



© ABB Group 
May 3, 2022 | Slide 7

Main Parameter According to IEC 61439

Voltage ratings

Description Symbol Detail

Rated voltage Un

highest nominal voltage of the electrical system, a.c. (r.m.s.) or d.c., declared by 
the ASSEMBLY manufacturer, to which the main circuit(s) of the ASSEMBLY is 
(are) designed to be connected

Rated operational voltage Ue
value of voltage, declared by the ASSEMBLY manufacturer, which combined with 
the rated current determines its application.

Rated insulation voltage Ui

r.m.s withstand voltage value, assigned by the ASSEMBLY manufacturer to the 
equipment or to a part of it, characterising the specified (long-term) withstand 
capability of the insulation.

Rated impulse withstand voltage Uimp

impulse withstand voltage value, declared by the ASSEMBLY manufacturer, 
characterising the specified withstand capability of the insulation against 
transient overvoltages.
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Main Parameter According to IEC 61439
Current Ratings

Description Detail

Rated current In

value of current, declared by the ASSEMBLY manufacturer which can be carried 
without the temperature-rise of various parts of the ASSEMBLY exceeding 
specified limits under specified conditions

Rated current of the ASSEMBLY InA

The rated current of the ASSEMBLY is the smaller of:
– the sum of the rated currents of the incoming circuits within the ASSEMBLY 
operated in
parallel;
– the total current which the main busbar is capable of distributing in the 
particular
ASSEMBLY arrangement.
This current shall be carried without the temperature rise of the individual parts 
exceeding the limits specified.

Rated current of a circuit Inc

The rated current of a circuit is the value of the current that can be carried by 
this circuit loaded alone, under normal service conditions. This current shall be 
carried without the temperature rise of the various parts of the ASSEMBLY 
exceeding the limits specified.

Rated peak withstand current (Ipk) Ipk
value of peak short-circuit current, declared by the ASSEMBLY manufacturer, 
that can be withstood under specified conditions

Rated short-time withstand current (Icw) Icw

r.m.s value of short-time current, declared by the ASSEMBLY manufacturer, that 
can be withstood under specified conditions, defined in terms of a current and 
time

Rated conditional short-circuit current of an ASSEMBLY (Icc) Icc

value of prospective short-circuit current, declared by the ASSEMBLY 
manufacturer, that can be
withstood for the total operating time (clearing time) of the short-circuit 
protective device (SCPD) under specified conditions
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Main Parameter According to IEC 61439

Other parameter

Rated diversity factor (RDF)

per unit value of the rated current, assigned by the ASSEMBLY manufacturer, to 
which outgoing circuits of an ASSEMBLY can be continuously and simultaneously 
loaded taking into account the mutual thermal influences.

Rated frequency (fn)
value of frequency, declared by the ASSEMBLY manufacturer, for which a circuit 
is designed and to which the operating conditions refer.
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Verification Process



Verification

IEC 61439 series
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IEC 61439 Verification :
1. Verify by testing –
Test made on a sample of an ASSEMBLY or on parts of ASSEMBLIES to verify
that the design meets the requirements of the relevant ASSEMBLY standard.

2. Verify by comparison with a reference design -
Structured comparison of a proposed design for an ASSEMBLY, or parts of
an ASSEMBLY, with a reference design verified by test.

3. Verify by assessment –
Design verification of strict design rules or calculations applied to a sample
of an ASSEMBLY (Reference design, similar variants and comparable
function unit) or to parts of ASSEMBLIES to show that the design meets the
requirements of the relevant ASSEMBLY standard, including use of
appropriate safety margins.

Testing processes

1. Type Testing to prove a design is compliant

2. Routine Testing to prove that a manufatcured unit is
compliant.

IEC 60439 Type Tests:

Type testing was by :
1. Type Tested Assemblies and
2. Parially Type Tested Assemblies (TTA and PTTA).



IEC 61439 series

Source : IEC 61439-1 “Copyright © 2020 IEC Geneva, Switzerland. www.iec.ch” 
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Verification

IEC 61439 provides clear and comprehensive verification process
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Specifying to IEC61439



Specifying to IEC 61439
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The IEC 61439 contains a template for Specifiers to use to specify the 
requirements of LV switchgear.

There are many items in the template, we will concentrate on a number of the 
key items in the template

• Electrical System

• Short Circuit Withstand Capability

• Protection against electric shock

• Installation Environment

• Installation Method

• Storage and Handling

• Operating Arrangements

• Maintenance and Upgrade capabilities

• Current Carrying Capacity

In addition to these IEC61439 tests there is also the requirement in 
many specifications on Arc Flash Containment as defined in 
IEC TR 61641. 
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Current Carrying Capacity



Current Carrying Capacity
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The specifying of the current carrying capacity of then assembly is 
normally done by the specifier using the following documents

- Single Line Diagrams with ratings

- Excel spreadsheets with load lists

- Datasheets

Design Load : IB = Electrical current intended to be carried by an 
electric circuit in normal operation.   This is the value that the LV 
switchgear needs to be designed to carry, normally this is in the 
drawings, load lists , datasheets

The standard has a number of terms that are used to define the 
current carrying capacity in the specification template 

Overview

Current Carrying Capability
Values from Specification Template



Current Carrying Capacity
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Rating of Device, In Rated current of a main outgoing circuit,  Inc

Circuit Ratings

The rating designation by the 
device manufacturer when tested 
to the relevant device standard.

For example: 

In = 630A is nameplate rating of 
ABB Tmax XT MCCB, when tested 
to the relevant standard :
IEC 60947

The rated current of a main 
outgoing circuit is the current 
that can be carried by the 
outgoing circuit when all other 
outgoing main circuits in the 
same section are not carrying 
current  This current shall be 
carried without the 
temperature-rise of the various 
parts of the assembly 
exceeding the limits 

For example the 

In = 630 A MCCB may have :

Inc = 620 A

Energised 
compartment



Current Carrying Capacity

IEC 61439-1 “Copyright © 2020 IEC Geneva, Switzerland. www.iec.ch” 
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Rated Diversity Factor Example

By stating a rated diversity factor, the assembly is having 
the "average“ loading conditions for which the assembly 
is designed. The rated diversity factor confirms the per 
unit value of rated current Inc to which all the outgoing 
circuits, or a group of outgoing circuits, within the 
assembly can be continuously and simultaneously loaded.

Current Ratings



Current Carrying Capacity
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Current Rating of the Assembly, InA Example

The current rating of an assembly defines the maximum load current that can 
be supplied via the incoming circuit(s) and distributed via the main busbars. 
This rating can be determined by the capacity of the incoming circuit(s) or 
the main busbars.

The rated current of the assembly, InA, is the lower of (i) the sum of the group 
rated currents of the incoming circuits, and (ii) the group rated current of the 
main busbars.

It is essential to note that the group rating of the incoming circuit(s) may be 
lower than the nominal rating In of the devices used in the incoming circuits.

Current Ratings

1150A

1150A

3500A 
/3000A 
Busbar

Example 1
Inc1 (incomer 1) = 1150 A
Inc2 (incomer 2) = 1150 A
Busbar is rated @ 3500 A
InA = 1150 A + 1150 A = 3300 A 

Example 2
Inc1 (incomer 1) = 1150 A
Inc2 (incomer 2) = 1150 A
Busbar is rated @ 3000 A
InA = 3000 A 



Current Carrying Capacity 
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Climatic Conditions IEC61439-1

Operating 
Conditions

•Climatic Conditions
•Value Load Current
•Duration of Current

Response  of 
the Assembly

•Heating of conductors
•Heating of components
•Heating of enclosure

Results

• Aging of insulation
• Failure of insulation
• Reduced life and failure of the switchgear
• Physical burns
• Damage to personnel and property
• Increase maintenance and downtime



Current Carrying Capacity 
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Operating 
Conditions

•Climatic Conditions
•Value Load Current
•Duration of Current

Response  of 
the Assembly

•Heating of conductors
•Heating of components
•Heating of enclosure

Results

• Aging of insulation
• Failure of insulation
• Reduced life and failure of the switchgear
• Physical burns
• Damage to personnel and property
• Increase maintenance and downtime

Intermittent Duty of Load

Load Current 



Current Carrying Capacity 
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Heating

Operating 

Conditions

•Climatic Conditions
•Value Load Current
•Duration of Current

Response  of 
the Assembly

•Heating of conductors
•Heating of components
•Heating of enclosure

Results

• Aging of insulation
• Failure of insulation
• Reduced life and failure of the switchgear
• Physical burns
• Damage to personnel and property
• Increase maintenance and downtime



Performance requirements
Part: 1, Clause 10.10.4.2 - Verification of temperature rise

A very simple method of temperature rise verification that requires confirmation that the total power loss of the components and
conductors within the ASSEMBLY do not exceed the known power dissipation capability of the enclosure. The scope of this approach is 
very limited and in order that there are no difficulties with hot spots, all components must be de-rated to 80 % of their free air current 
rating and all conductors shall have a minimum cross-sectional area based on 125 % of the permitted current rating of the associated 
circuit

Total power 
loss of the 

components

Power 
dissipation 

capability of 
the 

enclosure

Verification shall be made by one or more of the following methods 

– a) testing (10.10.2); 

– b) derivation (from a tested design) of ratings for similar variants (10.10.3); 

– c) calculation for a single compartment ASSEMBLY not exceeding 630 A according to 10.10.4.2 or for ASSEMBLIES not exceeding 1600 A according to 10.10.4.3. 
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Short Circuit Capability



Short Circuit Capability
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Mechanical, Electrical and Thermal Strength of the Busbar systems 
and Protection Earthing to withstand the forces produced by the 

- The Prospective Short Circuit current, Icp

- The Peak Short Circuit current , Ipk

Once the Peak and Short Circuit current are know along with the 
maximum duration of the fault (typically 1 sec) we can determine 
the requirements of the LV assembly.

Icw = Short Circuit Withstand RMS value of AC current, declared by 
the assembly manufacturer, that can be withstood under specified 
conditions, defined in terms of current and time

Rated short-time withstand current is not the same as an internal arc fault rating as given in IEC TR 61641

Ipk , Peak Current 

Icp Short Circuit 
Current (RMS)

Source : IEC 61439-1 “Copyright © 2020 IEC Geneva, Switzerland. www.iec.ch” 



Short Circuit Capability
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Verification

Main Busbar

Incoming 
Terminals

Distribution 
Busbars

Outgoing 
Circuits
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Arc Fault Containment



Arc Fault Containment
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Relevant Standard : IEC/TR 61641 Ed3 published in 2019

Specification requires the nomination by manufacturer of :

a. Arcing Classification

b. Permissible Arcing Current*

c. Permissible Arc Duration

* The permissible current under arcing conditions can be lower than the 
rated short time withstand current (Icw).

Overview

Forms of Separation (Form 1,2,3,4) is not associated with Arc Fault Containment

Criteria

Following the Arc Fault…..

Class A
1. Doors stay closed
2. Parts do not fly off the enclosure
3. No holes in the enclosure
4. The fire indicators do not burn
5. Earthing is still effective

Class B
Class A + Arc is limited to the ignition areas

Class C
Class B + able to remove damaged module and replace 
with spare.



Arc Flash Containment
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Verification Requirements

• Testing carried out on all functional unit

Busbars

Incomers

Outgoing Units

• Doors and covers closed

• Vertical ignition panels

ABB Verification

• Complies to IEC TR 61641 for all MNS 3.0 ratings

• Tested with doors open / modules removed

• Addition of horizontal ignition panels at 2 m high

Verification
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ROUTINE VERIFICATION



ROUTINE VERIFICATION
Part: 1, Clause 11 – Routine verification

Verification shall comprise the following categories: 

a) Construction (see 11.2 to 11.8): 

• 1) degree of protection of enclosures; 

• 2) clearances and creepage distances;

• 3) protection against electric shock and integrity of protective circuits; 

• 4) incorporation of built-in components; 

• 5) internal electrical circuits and connections; 

• 6) terminals for external conductors; 

• 7) mechanical operation. 

b) Performance (see 11.9 to 11.10): 

• 1) dielectric properties; 

• 2) wiring, operational performance and function. 
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FORMS OF INTERNAL SEPARATION : FORM 1

Arc fault containment certification for the Fixed portfolio utilising the TVOC – 2 shall available early 2019.

Forms of separation/Types of construction 

The Forms of internal separation and the associated Types of 
construction are illustrated 

Form 1 

No internal separation 



FORMS OF INTERNAL SEPARATION : FORM 2A, 3A

Arc fault containment certification for the Fixed portfolio utilising the TVOC – 2 shall available early 2019.

Forms of separation/Types of construction 

The Forms of internal separation and the associated Types of construction are illustrated 

Form 2A

Terminals not separated from busbars 

Form 3A

Terminals not separated from busbars 



FORMS OF INTERNAL SEPARATION : FORM 2B

Arc fault containment certification for the Fixed portfolio utilising the TVOC – 2 shall available early 2019.

Forms of separation/Types of construction 

The Forms of internal separation and the associated Types of 
construction are illustrated 

Form 2B

Terminals separated from busbars



FORMS OF INTERNAL SEPARATION : FORM3B

Arc fault containment certification for the Fixed portfolio utilising the TVOC – 2 shall available early 2019.

Forms of separation/Types of construction 

The Forms of internal separation and the associated Types of 
construction are illustrated 

Form 3B

Terminals and external conductors 

separated from busbars



FORMS OF INTERNAL SEPARATION : FORM4A

Arc fault containment certification for the Fixed portfolio utilising the TVOC – 2 shall available early 2019.

Forms of separation/Types of construction 

The Forms of internal separation and the associated Types of 
construction are illustrated 

Form 4A

Terminals in same compartment as 
associated functional unit (common 

glanding)



FORMS OF INTERNAL SEPARATION : FORM4B

Arc fault containment certification for the Fixed portfolio utilising the TVOC – 2 shall available early 2019.

Forms of separation/Types of construction 

The Forms of internal separation and the associated Types of 
construction are illustrated 

Form 4B

Terminals for external conductors NOT 
in the same compartment as 

associated functional unit (common 
glanding)



Form 3B
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IEC 61439                                                                                                BS EN 61439

Type 1: Busbar separation is achieved using an insulated 
covering e.g. Sleeving or wrapping 
Type 2: Busbar separation is achieved using metallic or non-
metallic rigid barriers or partitions. 

FORMS OF INTERNAL SEPARATION
The differences IEC and BS EN 61439-2
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FORMS OF INTERNAL SEPARATION
The differences IEC and BS EN 61439-2

Form 4a

IEC 61439                                                                                                BS EN 61439

Type 1: Busbar separation is achieved using an insulated covering 
e.g. Sleeving or wrapping. Cables may be glanded elsewhere.  
Type 2: Busbar separation is achieved using metallic or non-
metallic rigid barriers or partitions. Cables may be glanded
elsewhere. 
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FORMS OF INTERNAL SEPARATION
The differences IEC and BS EN 61439-2

Form 4a

IEC 61439                                                                                                BS EN 61439

Type 3: Busbar separation is achieved using metallic or non-
metallic rigid barriers or partitions. The termination for each 
functional unit has its own integral glanding facility.
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FORMS OF INTERNAL SEPARATION
The differences IEC and BS EN 61439-2

Form 4b

IEC 61439                                                                                                BS EN 61439

Type 4: Busbar separation is achieved using an insulated covering 
e.g. Sleeving or wrapping. Cables may be glanded elsewhere.
Type 5: Busbar separation is achieved using metallic or non-
metallic rigid barriers or partitions. Terminals may be separated 
by insulated coverings. Cables may be glanded in common cabling 
chambers. 
Type 6: All separation requirements are achieved using metallic or 
non-metallic rigid barriers or partitions. Cables are glanded in 
common cabling chambers. 
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ABB E-design software , OTC Temp-rise assessment tool



OTC Temperature-Rise Assessment tool
ABB e-Design software ( Freeware available to download at ABB.com)

© ABB Group 
May 3, 2022 | Slide 46



OTC Temperature-Rise Assessment tool 
Introduction
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The thermal calculation module makes it possible to evaluate 
the thermal behavior of ABB boards and – if desired – to 
dimension the fans and air-conditioning units to be installed in 
the board. I ca also be sued on sets of boards obtained by 
installing several units side by side.

The algorithms used by the software are as described in 
Standard IEC 60890. If the use of air-conditioning of fans is 
specified (a situation no considered in the Standard 60890), 
the program still uses computation algorithms that are 
compatible with Standard on low-voltage boards.



OTC Temperature-Rise Assessment tool 
Introduction
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The proposed method makes it possible to determine the 
overtemperatures.  or the air temperatures , inside the 
enclosure, but is unable to determines the temperatures of 
individual equipment, devices and cables contained in it.

The temperatures of the air inside the board is the same as 
that of the ambient air outside the enclosure plus the 
overtemperatures of the air inside the board due to power 
dissipated by the devices installed.



OTC Temperature-Rise Assessment tool 
Introduction
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The value assumed by the calculation target selected.

The table shows an overview of the parameters calculated by 
the software depending on type of colling system and the 
calculation target selected by the user.



Reference – Table 6 Temperature Rise Limits

© ABB Group 
May 3, 2022 | Slide 50



Reference – Table 6 Temperature Rise Limits
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Reference – Annex K Operating current and power loss of bare copper 
bars
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Example - ABB Air circuit Breaker Emax2 Power Losses
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Example - ABB MCCB Tmax Power Losses
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