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INTERNATIONAL ELECTROTECHNICAL COMMISSION

A METHOD OF TEMPERATURE- RISE ASSESSMENT
BY EXTRAPOLATION
'FOR PARTIALLY TYPE-TESTED ASSEMBLIES (PTTA)
OF LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR

FCREWORD

1) The formal decisions or agreements of the IEC on technical matters, prepared by Technical Committees on which all the
National Committees having a special interest therein are represented, express, as nearly as possible, an international
consensus of opinion on the subjects dealt with. .

2) They have the form of recomnendatmns for international use and they are accepted by the National Committees in that
sense. .

3) Inorder to promote international unification, the IEC expresses the wish that all National Committees should adopt the
text of the IEC recommendation for their national rules in 5o far as national conditions will permit. Any divergence
between the I EC recommendation and the correspending national rules should, as far as possible, be clearly indicated in
the latter.

4) The IEC has not laid dewa.any procedure concerning masking as-an indication of approval and has no responsibility
when an item of equipmentiis declared to comply with onelofits recomniendations.

PREFACE

This report has been prepared by Sub Commitiee 1 7D! _Nw-voitage Switchgear and Controlgear
Assemblies, of IEC'Technical Committee No. 17 awstchg\.ar andCortrolgear.

The text of this report is based on the following documents:

Six Months’ Rule Report on Voting

17D(CO)31 17D(C0)32

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

The following I EC publication is quoted in this repori:

Fublication Mo: 439-1(1985): Low-voltage Switchgear and Controlgear Assemblies, Part I Requirements for Type-
=3 = g -
tested and Partially Type-tested Assemblics.
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A METHOD OF TEMPERATURE-RISE ASSESSMENT
BY EXTRAPOLATION
F@R PARTIALLY TYPE-TESTED ASSEMBLIES (PTTA)
OF LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR

sy

Introduction

In IEC Publication 43%-1, in the series of type tests, a temperature-rise test is specified.
However, for certzin 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 exiranslation from data found by tests on other assemblies may be made 1nstead
Such assembhes are then called paitially type-tested assemblies (PTTA).

Varicus 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 IEC Publication
439-1. This repori applies to PTTAs only. '

2. Scope

The fellowing method is applicable to enclosed PTTA or partitioned sections of PTTA
without forced ventilation. : '

Notes 1. — The inflitencé'of the materialsand wall thicknesseés usally tised for enclosuresare negligible on the steady
state temperatures. The miethodis thereforelapplicable toenclosures made of sheet steel, sheet aluminium,
castiron, insulating material and the like.

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

Object

The proposed
enciosure.

(93}

method is intended to dstermine the temperature rise of the air inside the

Note. — The air temperature within the enclosure is equal to the ambient air temperature outside the enclosure plus
the temp-eruture rise of the air inside the enclosure caused by the power losses of the installed equipment.

Unless othervise specified, the ambient air tempsrature outside the PTTA is the air temperature indicated
for indoor installation of the PTTA h.ver’wn 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 temper-

SERN

atere of the PTTA.

1¢ following conditions are fulfilled:

ower losses inside the enclosure;
— theinstalied equipment is so arranged that air circulation is but little impeded;

— the equipment instalied is designed for direct current or alternating current up to and
mcluci g 6!} 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;

— thereare 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 hori-
zontal cross-section of the compartment.

5. Caleulation

5.1

5.2

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;

— thetype 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 10ss of equipment installed in the enclosure.

Note. — The effective power loss¢sof thelequipment installédrin the‘Gircuits of the PTTA used for this calculation
are the power losses at the rated currents of the various circuits to be taken from information provxded by
the manufacturer. The power losses of the conductors are determined by calculation.

Calculation procedure

For the enclosures specified in columns 4 and 5 of Table I, the calculation of the temper-
ature rise of the air inside the enclosures is carried out using the formulae laid down in
columns 1 tc 3 of Table L.

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

The symbols, units and deﬂpnat‘om areto be taken from Table Il

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 fore-
going values.

Noze. — The form shown on page 25 may be used as a calculation aid.

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

The effective cooling surface 4, of an enclosure is the sum of the individual surfaces Ao
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 Aty 5 of the air at mid-height of the enclosure
The calculation is carried out according to formula (2) in column 2 of Table L.

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 effectlve power
loss P is expressed by the exponent x.

The factor 4 allows for the dependence of the temperature rise on the number of internal.
horizonial partitions.
5.2.3 Determination of the internal temperature rise At| o 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 detérmination
varies with the design and installation of the assembly as follows:

a) For enclosures without ventilation The factor ¢ from Figure 4, page 25, .
openings aid with an effective cooling depends on the type of installation and the
surface: height/base factor f, where:

135
Ae>1.25 m? =B
Ap
b) For enclosures with ventilationopénings The factor ¢ from Figure 6, page 29,
and with an effective cocling surface: depends on the cross-section of air inlet
openings and the height/base factor f,
where:
- 1.35
4e>1.25 m? - f= Rckined
Ap

¢) For enclesures without ventilation The factor ¢ from Figure 8, page 33,
cpenings and with an effective coolin depends on the height/width factor g,
surface: ’ where:

PN . 1.25m? g = _y]%
where:

h istheenclosura height, in moires

Ab is the surface zrea e cnnclosurs base, in square metres
w isthe enclosurs widih, in metres

5.2.4  Characteristic curve for temiperature rise of qir inside enclosuie
To evaluate the desi
of Sub-Clauses 5.2.2
msm{e the enclosure as
zontal levels are prac
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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 g and Aty 5 (see Figure 1).

The internal air temperature rise at the bottom of the enclosure is close to zero, i.e. the char-
acteristic curve flattens out towards zero. (In practice, the dotted part of the characteristic
curve is of secondary importance.) '

1.0

0.5 # Mid-height

Muittiple of enclosure height

P

Temperaturerise‘of-air inside enclosure At
392/87

Fic. 1. — Temperature-rise characteristic curve for enclosures with Ae exceeding 1.25 m2,
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