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PREFACE

This Standard was prepared by the Joint Standards Australia/Standards New Zealand Committee EL/6
on Industrial Switchgear and Controlgear.

It is the result of a consensus among representatives on the Joint Committee to produce it as an
Australian Standard.

This Standard is identical with and has been reproduced from IEC 890:1987, the Corrigendum:1988 and
Amendment 1:1995.

The text affected by the Corrigendum and Amendment 1 is marked by a double marginal bar.
As this Standard is reproduced from an international Standard, the following applies:

(a) The AS number is shown only on the cover and title page, while the International Standard
number appears only on the cover.

(b) In the source text, ‘this International Standard’ should read ‘this Australian Standard’.
(c) A full point substitutes for a comma when referring to a decimal marker.

The reference to international Standards should be replaced by equivalent Australian standards, as

follows:

Reference to International Standard Australian Standard

439 Low-voltage switchgear and 3439 Low-voltage switchgear and
controlgear assemblies controlgear assemblies

439-1  Part 1: Type-tested and partially 3439.1 Part 1: Type-tested and partially
type-tested assemblies type-tested assemblies

© Copyright — STANDARDS AUSTRALIA

Users of Standards are reminded that copyright subsists in all Standards Australia publications and software. Except where the
Copyright Act allows and except where provided for below no publications or software produced by Standards Australia may be
reproduced, stored in a retrieval system in any form or transmitted by any means without prior permission in writing from
Standards Australia. Permission may be conditional on an appropriate royalty payment. Requests for permission and information on
commercial software royalties should be directed to the head office of Standards Australia.

Standards Australia will permit up to 10 percent of the technical content pages of a Standard to be copied for use exclusively
in-house by purchasers of the Standard without payment of a royalty or advice to Standards Australia.

Standards Australia will also permit the inclusion of its copyright material in computer software programs for no royalty
payment provided such programs are used exclusively in-house by the creators of the programs.

Care should be taken to ensure that material used is from the current edition of the Standard and that it is updated whenever the
Standard is amended or revised. The number and date of the Standard should therefore be clearly identified.

The use of material in print form or in computer software programs to be used commercially, with or without payment, or in
commercial contracts is subject to the payment of a royalty. This policy may be varied by Standards Australia at any time.
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AUSTRALIAN STANDARD

A method of temperature-rise assessment by extrapolation for
partially type-tested assemblies (PTTA) of low-voltage switchgear
and controlgear

1. Introduction

In TE C Publication 439-1, in the series of type tests, a temperature-rise test is specified.
However, for certain types of assemblies for which the performance of a temperature-rise test is
either not feasible or economically not justifiable a calculation of the temperature rise in the form
of extrapolation from data found by tests on other assemblies may be made instead. Such assemblies
are then called partially type-tested assemblies (PTTA).

Various methods of calculation can be conceived and are acceptable. The factors and coef-
ficients set out in this report have been derived from measurements on numerous assemblies and the
method has been verified by comparison with test results. The method described in this report is
therefore one possible method and may for partially type-tested assemblies be used to prove
compliance with the requirements of Sub-clause 8.2.1 of I E C Publication 439-1. This report applies
to PTTAs only.

2. Scope

The following method is applicable to enclosed PTTA or partitioned sections of PTTA without
forced ventilation.

Notes 1. — The influence of the materials and wall thicknesses usually used for enclosures are negligible on the steady

state temperatures. The method is therefore applicable to enclosures made of sheet steel, sheet aluminium, cast
iron, insulating material and the like.

2. — For open-type and dead-front PTTA, no temperature-rise assessment is needed if it isobvious that no excessive
air temperatures are likely to arise.

3. Object
The proposed method is intended to determine the temperature rise of the air inside the
enclosure.
Note. — The air temperature within the enclosure is equal to the ambient air temperature outside the enclosure plus the

temperature rise of the air inside the enclosure caused by the power losses of the installed equipment.

Unless otherwise specified, the ambient air temperature outside the PTTA is the air temperature indicated for
indoor installation of the PTTA (average value over 24 h) of 35°C. If the ambient air temperature outside the
PTTA at the place of use exceeds 35°C, this higher temperature is deemed to be the ambient air temperature of
the PTTA.

4. Conditions for application

This method of calculation is only applicable if the following conditions are fulfilled:
— there is an approximately even distribution of power losses inside the enclosure;

— the installed equipment is so arranged that air circulation is but little impeded;

— the equipment installed is designed for direct current or alternating current up to and including
60 Hz with the total of supply currents not exceeding 3 150 A;
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— conductors carrying high currents and structural parts are so arranged that eddy-current losses
are negligible;

— for enclosures with ventilating openings, the cross-section of the air outlet openings is at least
1.1 times the cross-section of the air inlet openings;

— there are no more than three horizontal partitions in the PTTA or a section of it;

— where enclosures with external ventilating openings have compartments, the surface of the
ventilating openings in each horizontal partition shall be at least 50% of the horizontal
cross-section of the compartment.

5. Calculation
5.1 Necessary information
The following data are needed to calculate the temperature rise of the air inside an enclosure:
— dimensions of the enclosure: height/width/depth;
— the type of installation of the enclosure according to Figure 4, page 25;
— design of enclosure, i.e. with or without ventilation openings;
— number of internal horizontal partitions;
— effective power loss of equipment installed in the enclosure.

Note. — The effective power losses of the equipment installed in the circuits of the PTTA used for this calculation are the
power losses at the rated currents of the various circuits to be taken from information provided by the
manufacturer. The power losses of the conductors are determined by calculation.

5.2 Calculation procedure

For the enclosures specified in columns 4 and 5 of Table I, the calculation of the temperature
rise of the air inside the enclosures is carried out using the formulae laid down in columns 1 to 3
of Table I.

The pertinent factors and exponents (characteristics) are obtained from columns 6 to 10 of
Table I.

The symbols, units and designations are to be taken from Table II.

For enclosures having more than one section with vertical partitions the temperature rise of the
air inside the enclosure shall be determined separately for each section.

Where enclosures without vertical partitions or individual sections have an effective cooling
surface greater than 11.5 m* or a width greater than about 1.5 m, they should be divided for the
calculation into fictitious sections, whose dimensions approximate to the foregoing values.

Note. — The form shown on page 35 may be used as a calculation aid.

5.2.1 Determination of the effective cooling surface A. of the enclosure
The calculation is carried out according to formula (1) in column 1 of Table I.

The effective cooling surface Ae of an enclosure is the sum of the individual surfaces A,
multiplied by the surface factor b. This factor takes into account the heat dissipation of the
individual surfaces according to the type of installation of the enclosure.
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5.2.2 Determination of the internal temperature rise A t,5 of the air at mid-height of the enclosure

The calculation is carried out according to formula (2) in column 2 of Table I.

In formula (2) the enclosure constant k allows for the size of the effective cooling surface for
enclosures without ventilation openings and, in addition, for the cross-section of the air inlet

openings for enclosures with ventilating openings.

The dependence of the temperature rises occurring in the enclosure on the effective power

loss P is expressed by the exponent x.

The factor d allows for the dependence of the temperature rise on the number of internal

horizontal partitions.

5.2.3 Determination of the internal temperature rise A t,, of air at the top of the enclosure

The calculation is made according to formula (3) in column 3 of Table I.

Factor ¢ allows for the temperature distribution inside an enclosure. Its determination varies
with the design and installation of the assembly as follows:

a) For enclosures without ventilation
openings and with an effective cooling
surface:

A,>1.25 m’
b) For enclosures with ventilation openings
and with an effective cooling surface:

A, >1.25 m?

¢) For enclosures without ventilation
openings and with an effective cooling

surface:
A <125 m
where:
h is the enclosure height, in metres

A, s the surface area of the enclosure base, in square metres

w is the enclosure width, in metres

The factor ¢ from Figure 4, page 25,
depends on the type of installation and the
height/base factor f, where:

h 125

4,

The factor ¢ from Figure 6, page 29,
depends on the cross-section of air inlet
openings and the height/base factor f,
where:

The factor ¢ from Figure 8, page 33,
depends on the height/width factor g,
where:

g:

2 lam

5.2.4 Characteristic curve for temperature rise of air inside enclosure

To evaluate the design according to Clause 6, it is necessary to apply the calculated results of
Sub-Clauses 5.2.2 and 5.2.3 with the proper characteristic curve for temperature rise of air inside
the enclosure as a function of the enclosure height. The air temperatures within horizontal levels are

practically constant.
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5.2.4.1  Temperature-rise characteristic curve for enclosures with an effective cooling surface A,
exceeding 1.25 m’

As a general rule, the characteristic curve of temperature rise is adequately well defined by a
straight line which runs through the points At,, and At,5 (see Figure 1).

The internal air temperature rise at the bottom of the enclosure is close to zero, i.e. the
characteristic curve flattensout towards zero. (In practice, the dotted part of the characteristic curve
is of secondary importance.)
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FIG. 1. — Temperature-rise characteristic curve for enclosures with A, exceeding 1.25 m’.
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