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INTERNATIONAL ELECTROTECHNICAL COMMISSION

A METHOD OF TEMPERATURE-RISE VERIFICATION OF LOW-VOLTAGE
SWITCHGEAR AND CONTROLGEAR ASSEMBLIES BY CALCULATION

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 electronic fields. To
this end and in addition to other activities, IEC publishes International Standards 2
Technical Reports, Publicly Available Specifications (PAS) and Guides (hers

Publication(s)”). Their preparation is entrusted to technical committees; any IEC interested
in the subject dealt with may participate in this preparatory work entalN\and non-
governmental organizations liaising with the IEC also participate in this prepa abbraies closely
with the International Organization for Standardization (ISO) in accorgda sondifions\determined by
agreement between the two organizations

2) The formal decisions or agreements of IEC on technical matters exp as possible, an international
consensus of opinion on the relevant subjects since each technica i{ted, ras representation from all

3) IEC Publications have the form of recommendations for infern : ccepted by IEC National
Commlttees |n that sense. While all reasonable efforts ate\made e technical content of IEC

4) In order to promote international uniformit i i ndertake to apply IEC Publications
transparently to the maximum extent possible in ) egional publications. Any divergence
between any IEC Publication and the corre iona egional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide 4 i ) ity. Independent certification bodies provide conformity

assessment services and, 3 E s of conformity. IEC is not responsible for any

6) All users should ensure ftha

7) No liability shall 4
members of its te
other damage of ah

ational Committees for any personal injury, property damage or
her direct or indirect, or for costs (including legal fees) and

expenses arising o [ icafti ge of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is dra e references cited in this publication. Use of the referenced publications is
indispensab{e for th ion of this publication

9) Attention is to the pgssibility that some of the elements of this IEC Publication may be the subject of

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/TR 60890, which is a technical report, has been prepared by subcommittee 17D: Low-
voltage switchgear and controlgear assemblies, of IEC technical committee 17: Switchgear
and controlgear.

This second edition cancels and replaces the first edition published in 1987 and its
Amendment 1:1995. It constitutes a technical revision.

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

— alignment with IEC 61439-1:2011;
— revision of Annex B;

— general editorial review.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
17D/490/DTR 17D/499/RVC

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

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

snchanged until
in the data

The committee has decided that the contents of this publication will re
the stability date indicated on the IEC web site under "http://websto
related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,

e replaced by a revised edition, or

O

e amended.
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INTRODUCTION

In IEC 61439-1, in the series of design verifications, a temperature-rise verification of low-
voltage power switchgear and controlgear assemblies (hereafter called ASSEMBLIES) is
specified. This may be by test, however, alternatives are acceptable in defined circumstances.
Selection of the method used for temperature rise verification is the responsibility of the
original manufacturer. Where applicable this technical report may also be used for
temperature rise verification of similar products in accordance with other standards. The
factors and coefficients, set out in this report have been derived from measurements on
numerous ASSEMBLIES and the method has been verified by comparison with test results.

@C@
S
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A METHOD OF TEMPERATURE-RISE VERIFICATION OF LOW-VOLTAGE
SWITCHGEAR AND CONTROLGEAR ASSEMBLIES BY CALCULATION

1 Scope

This Technical Report specifies a method of temperature-rise verification of low-voltage
switchgear and controlgear ASSEMBLIES by calculation.

The method is applicable to enclosed ASSEMBLIES or partitioned sectionsNof ASSEMBLIES
without forced ventilation. It is not applicable where temperature rise verification to the
relevant product standard of the IEC 61439 series has been established

The proposed method is intended to determine the
enclosure.

The following documents N 9 are normatively referenced in this document and

are indispensablg’far i d references, only the edition cited applies. For
undated refere S, the referenced document (including any
amendments) applieg

IEC 61439-1:201 wifchgear and controlgear assemblies — Part 1. General
rules

For the purposes of\this document, the terms and definitions given in IEC 61439-1 apply.

4 Conditions for application

This method of calculation is only applicable if the following conditions are fulfilled:

— the power loss data for all built in components is available;
— there is an approximately even distribution of power losses inside the enclosure;
— the installed equipment is so arranged that air circulation is not significantly 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;

— conductors carrying currents in excess of 200 A, and the adjacent structural parts are so
arranged that eddy-current and hysteresis losses are minimised;

— for enclosures with natural ventilation, the cross-section of the air outlet openings is at
least 1,1 times the cross-section of the air inlet openings;
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— there are no more than three horizontal partitions in the ASSEMBLY or in a section of it;

— where enclosures with external ventilation openings have compartments, the surface of
the ventilation 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 is 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;

— design of enclosure, i.e. with or without ventilation openings;

— number of internal horizontal partitions;
— effective power loss of equipment installed in the enclosure
— effective power losses (P,) of conductors according to A

NOTE The effective power losses of the equipment installed \e ASSEMBLY used for this

calculation are the power losses at the rated currents of the varig
5.2 Calculation procedure

5.2.1 General

3 of Table 1.

The pertinent factors and
Table 1.

The symbols, unit;a A\desig

For enclosures ha *one section with vertical partitions the temperature rise of
the air inside ure be determined separately for each section.

the calculation“into fictjtious sections, whose dimensions approximate to the foregoing values.

NOTE The form (see Figure 9) can be used as a calculation aid.
5.2.2 Determination of the effective cooling surface 4, of the enclosure

The calculation is carried out according to Formula (1) in column 1 of Table 1.

The effective cooling surface 4, of an enclosure is the sum of the individual surfaces 4,
multiplied by the surface factor 5. This factor takes into account the heat dissipation of the
individual surfaces according to the type of installation of the enclosure.

5.2.3 Determination of the internal temperature rise A¢; 5 of the air at mid-height of
the enclosure

The calculation is carried out according to Formula (2) in column 2 of Table 1.
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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 ventilation 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.

524 Determination of the internal temperature rise Az, , of air at the top of the
enclosure

The calculation is made according to Formula (3) in column 3 of Table

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

Ay > 1,25 m?

b) For enclosures with ventilation openi
and with an effective cooling surface:

Ag > 1

c) For enclosures;i

openings and wif
surface:

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

g§=—
w

where
h  is the enclos ight, in m;
A, is the surface area of the enclosure base, in m2;

w is the enclosure width, in m.

5.25 Characteristic curve for temperature rise of air inside enclosure
5.2.5.1 General

To evaluate the design according to Clause 6, it is necessary to apply the calculated results of
5.2.3 and 5.2.4 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.

5.2.5.2 Temperature-rise characteristic curve for enclosures with an effective
cooling surface 4, exceeding 1,25 m?2

As a general rule, the characteristic curve of temperature rise is adequately well defined by a
straight line which runs through the points Az 5 and Az 5 (see Figure 1).
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The internal air temperature rise at the bottom of the enclosure is close to zero, i.e. the
characteristic curve flattens out towards zero. In practice, the dotted part of the characteristic
curve is of secondary importance.

\ Al g
1,0 - TOP
k<
2
[
=
@
5
[0
o
[%]
C
@
E 05 Mid-height
=
E
=
7
- —
Temperature rise of air inside enclo$ure A
1428/1
Figure 1 — Temp curve

5.2.5.3 Temperature rise characteristic © osdres with an effective

The internal air tempers i 3 bottom of the enclosure is close to zero, i.e. the

characteristic cur 3 5 s zero. In practice, the dotted part of the characteristic
curve is of secondary\
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< 075
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E Atys
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]
=
E
=

//
—— o

Temperature rise of air inside enclosure At
IEC 1429/14

Figure 2 — Temperature-rise characteristic curve
for enclosures with 4, not exceeding 1,25 m?
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Table 2 — Symbols, units and designations

Symbol Unit Designation
AO m? Surfaces of external sides of enclosure
Ab m? Enclosure base surface
Ae m? Effective cooling surface of enclosure
b - Surface factor
c - Temperature distribution factor
d - Temperature-rise factor for internal horizontal partitions inside enclosure
f - Height/base factor
g - Height/width factor
h m Enclosure height
k - Enclosure constant
n - Number of internal horizontal partitions (up to thre
P W Effective power loss of equipment installed insi
Pv w Effective power losses of conductors
w m Enclosure width
x - Exponent
At K Temperature rise of
Aty s K Temperature rise of
Aty 15 K Temperature rise of aj
Aty K Temperature rise of
NO
Table 3 Su ac fa aecording to the type of installation
<> &Typez\ww Surface factor
b
Exposed top surface 1,4

Covered top surfacx\/ X\ bu\\ }wosu@ 0,7

Exposed side ;a@ﬁk\; hiQnRRear\an side walls 0,9

Covered s}j\ fEQes Na}\side\m‘/\ﬁ‘all-mounted enclosures 0,5

Side facé\f\q\g\al&mj{sur% 05

Floor surface not taken into account

Fictitious side faceWﬁons (see 5.2) which have been introduced only for calculation purposes are not
taken into account

Table 4 — Factor d for enclosures without ventilation openings
and with an effective cooling surface 4,>1,25 m?2

Number of horizontal partitions » 0 1 2 3

Factor d 1,00 1,05 1,15 1,30

Table 5 — Factor d for enclosures with ventilation openings
and an effective cooling surface 4,>1,25 m2

Number of horizontal partitions n 0 1 2 3

Factor d 1,00 1,05 1,10 1,15
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