INTERNATIONAL IEC
STANDARD 60354

Second edition
1991-09

The contents of the corrigendum of March 1992 hasbeen included in this reprint

Loading guide for oil-imr
power ttransformers

X

%ngﬁsh-lenguage version is derived from the original
bi ual publication by leaving out all French-language

%ges. Missing page numbers correspond to the French-
anguage pages.

Reference number
IEC 60354:1991(E)



https://iecnorm.com/api/?name=9ef1cec66895c057d1ca1bafa52ad84d

Publication numbering

As from 1 January 1997 all IEC publications are issued with a designation in the
60000 series. For example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

The IEC is now publishing consolidated versions of its publications. For example,
edition numbers 1.0, 1.1 and 1.2 refer, respectively, to the base publication, the base
publication incorporating amendment 1 and the base publication incorporating
amendments 1 and 2.

Eurther in . IEC nublicati

issued, is also available from the following:
e |EC Web Site (www.iec.ch)

e Catalogue of IEC publications



http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/ justpub
mailto:custserv@iec.ch
https://iecnorm.com/api/?name=9ef1cec66895c057d1ca1bafa52ad84d

INTERNATIONAL IEC
STANDARD 60354

Second edition
1991-09

The contents of the corrigendum of March 1992 hasbeen included in this reprint

(

e

Loading guide for oil-im
power ttransformers

&

HHEC—+ Cupyliyilt —att |igi|ta reserved
No part of this publication may be reproduced or utilized in any form or by any means, electronic or mechanical,
including photocopying and microfilm, without permission in writing from the publisher.

International Electrotechnical Commission, 3, rue de Varembé, PO Box 131, CH-1211 Geneva 20, Switzerland
Telephone: +41 22 91902 11 Telefax: +41 22919 03 00 E-mail: inmail@iec.ch Web: www.iec.ch

Commission Electrotechnique Internationale PRICE CODE XC

International Electrotechnical Commission

MexayH Has dnekTpoTexHnyeckas Komuceus .
EXAyHapOAHasA JnekTpoTe eckas Romuce For price, see current catalogue



https://iecnorm.com/api/?name=9ef1cec66895c057d1ca1bafa52ad84d

354 © IEC _3_

CONTENTS

FOREWORD ......oiviiviesemieeioeer e re i stsssssems st ssssesssssesasas s ses e sssesanascas saassasts bas s nsusns s snnssnss

Clause

8 I T = e o T SO SISO AR IS
1.2 ODJECE ettt sss e snn s e e s ae s s s e s

1.3 DOIMINIONS ..ooccooveeeererrerrsnersmeseessessemsmmeseranesssssnasmesarsnesesessessnesmrsssosbrssessenniinzoncen]

1.4| General limitations and effects of loading beyond nameplate rati

- 1.5| Specific limitations for distribution transfomers .............o..GueeNeigree s -
1.6| Specific limitations for medium power transformers ..., S e \leniornendgeee
1.7| Specific limitations for large power transformers ............heeen e 38 cene N beess

A Equivalent rating for auto-transformers ... e sen e
B Alternative method for determining the winding oil average temperature rise

from temperature-rise test measurements ...
C Information to be supplied with enquiry and order ............oeevinvinriimncciinicnennenes
D Calculation of parameters for sinusoidal variation of ambient temperature ...............

E Example of simplified application of the guide ...,

Page

25
27
27

35
37
41
47

63

67
67
79

129
133

141
143

155


https://iecnorm.com/api/?name=9ef1cec66895c057d1ca1bafa52ad84d

354 © IEC -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOADING GUIDE FOR OIL-IMMERSED POWER TRANSFORMERS

FOREWORD

1) The formal decisions or agreements of the 1EC on technical matters, prepared i ommittees on
which all the National Committees having a special interest therei 5. represe as nearly as
possible, an international consensus of opinion on the subjects dealt with.

2) They have the form of recommendations for international Us s 3 5 the National

Gommittees in that sense.

ould adopt the text of the IEC recommendatio
ermit. Any divergence between thg
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es should, as
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Thig guide has bee I i ommittee No. 14: Power trangformers.

The

Six Months’ Rule Reports on Voting

14(CO)71 14(C0)72 and 72A

. . the Voting
Reports indicated in the above table.

The following |EC Publications are quoted in this guide:

Publications Nos. 76: Power transformers.
76-1 (1976): Part 1: General.
76-2(1976): Part 2: Temperature rise.
76-4 (1976):  Part 4: Tappings and connections.
76-5(1976): Part 5: Ability to withstand short circuit.
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LOADING GUIDE FOR OIL-IMMERSED POWER TRANSFORMERS

Section 1: General

1.1 Scope

This guide is applicable to oil-immersed transformers complying with 1EC 76. It indicates
howEg within limits, transformers may be loaded above rated iti . F]or furnace
transformers, the manufacturer should be consulted in view of t loading profile.

1.2 | Object

Thig guide provides guidance for the specification a g. ofpower transformers
from the point of view of operating temperature i : ing. |t provides
recq planner to

cho i6s\a s for'new installations

IEC

ing to temperature rise figyres for oil-
r}t IEC 76-2

imm oading. It should be noted th

ref 3 while the present guide refers mainly to the
hot 2 state . are provided only for guidance.

The| gui fives N emat nodels for judging the consequence of differemt loadings,
with differe \peratures of the cooling medium, and with transient or cyclical variation

with provide for the calculation of operating temperatyres in the
trap rly the temperature of the hottest part of the winding. This hot-spot
tem ¢ I8, in turn, used for evaluation of a relative value for the rate|of thermal
age

¥ . P . . .
- af~ Niadnl~ DIrasSen ecomnmend ol 0 e - ol D al2ldan (216

Thelguide : ssents - nading accord-
ing to the resuits of the temperature calculations. These recommendations refer to
different categories of transformers by size and importance, and also to different types of
loading duty — continuous loading, normal cyclic undisturbed loading or temporary,
emergency loading.

For small transformers, here called distribution transformers, the guide provides curves
which make it possible to evaluate cyclic loading at specific ambient temperatures in
comparison with conditions at rated loading under normal ambient temperature, for a trans-
former which fulfils the requirements of IEC 76-2.
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For large transformers there are differences in the temperature calculations for different
methods of cooling. The category of medium power transformers extends up to about
100 MVA three-phase two-winding transformers or equivalent, while transformers with
higher rated power are referred to as large power transformers. For the latter it is
advisable to perform calculations using individual parameters obtained from the
acceptance type test. For reasons explained in the guide, the recommended limitations for
these two categories of transformers are formulated somewhat differently.

Section 1, General, contains definitions, common background information and specific
recommendati 0 ati i ategories © ansformers
Seq

Se( itions.

1.3| Definitions

For|the purpose of this guide thé

1.3|1 Distribution transformer

A tnansformer with g Mmaximy i kVA limb single-
pha , i.e. a transformer with separate windings
tha cooling and without on-load tap-ghanging.

1.3
At ate windings having a rating not exceeding 100 MVA for three-
phdse transf 3,3 MVA per wound limb and, due to the leakage flux density

38,
AL

) %

z=(25-0,1

where Wis the number of wound limbs and S, the rated power in MVA.
For auto-transformers, the equivalent rating is defined in annex A.

1.3.3 Large power transformer

A transformer exceeding a rating of 100 MVA (three-phase) or the impedance limitation
specified above.
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1.3.4 Cyclic loading

Loading with cyclic variations (the duration of the cycle usually being one day) which is
regarded in terms of the average amount of ageing that occurs during the cycle. The cyclic
loading may either be a normal loading, or a long-time emergency loading.

a) Normal cyclic loading

A higher ambient temperature or a higher than rated load current is applied during part of
the cycle, but, from the point of view of thermal ageing (according to the mathematical
model), this loading is equivalent to the rated load at normal ambiept-temperature. This is
achieved by taking advantage of low ambient temperatures or low:load ¢ re_nls during the
re{; of the load cycle. For planning purposes, this principle can e w}\ provide for

?pensated

lonig periods of time whereby cycles with ageing rates great
for|by cycles with ageing rate less than unity.

b) |Long-time emergency cyclic loading

Loading resulting from the prolonged outage ) : will not be
redonnected before a steady sta > hed in the transforfmer. This is
nol a normal operating conditig but it may
persist for weeks or even month er, it should
no| be the cause of breakdown pf dielectric
strength.

1.

Unpsually < ing e 0 i vents which
serfiously distark 3 s to reach
dangerous leve f- However,
acc¢eptanceg o fives. This

ty 0 occur rarely and it must be rapidly reduced qr the trans-
for a short time in order to avoid its failure. The|permissible
du on\of \this load is“shorter than the thermal time constant of the trangformer and

depe ym\the rating temperature before the increase in the loading;| typically, it
LHd bedess thanhalf an hour.

1.4 General limitations and effects of loading beyond nameplate rating

1.4.1 Effect of loading beyond nameplate rating

1.4.1.1 Factors influencing life duration

The actual life duration of a transformer depends to a high degree on extraordinary
events, such as overvoltages, short-circuits in the system, and emergency overloading.
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Decisive for the chance of survival after such events, which can occur either separately or
in combination, are:

a) the severity (amplitude and duration) of the event;

b) the transformer design;

c) the temperatures of the various parts of the transformer;

d) the concentration of moisture in the insulation and in the oil;

e) the concentration of oxygen and other gases in the insulation and in the oil;

f) the number, size and type of impurity particles.
duty under

bf a foad in
d involves a

norinal ambient temperature and rated operating conditions. The"a
excess of nameplate rating and/or an ambient temperature highe

deg uch risks
and the name-
plate rating.

The consequences of loading a transformer beyond.its na ating are as|follows:

) the temperatures of winc
ach unacceptable levels;

¢’moisture and gas content in the insulation and in

sable-end connections and current transformers will also
esses which encroach upon their design and |application

As ce there will be a risk of premature failure associated with the increased
cur ratures. This risk may be of an immediate short-term charagter or come
fron ulative deterioration of the transformer over many years.

1.4. 7.2 Snort-term risks

a) The main risk, for short-time failures, is the reduction in dielectric strength due to
the possible presence of gas bubbles in a region of high electrical stress, i.e. the
windings and leads. These bubbles may develop in the paper insulation when the
hot-spot temperature rises suddenly above a critical temperature, which is about
140 °C to 160 °C for a transformer with a normal moisture content. This critical tem-
perature decreases somewhat as the moisture concentration increases.

Gas bubbles can also develop (either in oil or in solid insulation) at the surfaces of
heavy metallic parts heated by the leakage flux or be produced by supersaturation of
the oil. However, such bubbles usually develop in regions of low electric stress and
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have to circulate in regions where the stress is higher before any significant reduction
in the dielectric strength occurs.

Bare metal parts which are not in direct thermal contact with major organic insulation,
but are in contact with the oil in the transformer, may rapidly rise to high temperature.
180 °C should not be exceeded.

b) Temporary deterioration of the mechanical properties at higher temperatures' could
reduce the short-circuit strength.

c) Pressure build-up in the bushings may result in a failure due to oil leakage. Gassing
in the bushings may also occur if the temperature of the insulation exceeds about

140 °C. TN
H) The expansion of the oil could cause overflow of the oil in conservator.
g) Breaking of excessively high currents in the tap-change d be hazardous.

1.4{1.3 Long-term risks

) Cumulative thermal deterioration of the me:
nsulation will accelerate at higher tempers

conductor
oceeds far

articularly if the latter is
ruct ral@ns and the conductors, could also

could increase at elevated currents and
ay could take place.

d) The gask at elevated

temperatures

The short ri
the point of vie

isappears after the load is reduced to normal leyel but, from
may, have a more significant impact than long term effects.

the loading capability could be restricted both by the short-time
. The tables and diagrams are calculated according to the

1.4.2 Transformer size

The sensitivity of transformers to loading beyond nameplate rating usually depends on

their size. As the size increases, the tendency is that:

a) the leakage flux density will increase;

b) the short-circuit forces increase;

c) the volumes of dielectrically-stressed insulation increase;

d) the hot-spot temperatures are more difficult to determine correctly.
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Thus a large transformer could be more vulnerable to loading beyond nameplate rating
than a smaller one. In addition, the consequences of a transformer failure are more severe

for larger sizes than for smaller units.

Therefore, in order to apply a reasonable degree of risk for the expected duties, this guide

considers three categories:

a) distribution transformers, for which only the hot-spot temperature and thermal

deterioration have to be considered;

b) medium power transformers where the effects of leakage flux are known not to be

critical; but the variations in the cooling modes must be considered;

c) large power transformers, where the effects of stray leak ignificant and

he consequences of failure are severe.
1.4(3 Current and temperature limitations
With loading values beyond the nameplate rating, i imits stated
in fable 1 are not exceeded and that accoun pecific limitations given
in1.5t01.7.

Table 1 — Curreqt a mperature s applicable to
loading bey nameplate rating
@N
T AN \) Distribution Medium power Large power
[\ ° |ng<\ transformers transformers transformers
Nolmal cycln \>
Curent (p-u.) 1.5 1.5 13
Hotspot temp 4 tal rts in vontact
with insulating mateiial (°C) 140 140 120
Toq {°C) 105 105 105
4

Long-time emergenc ic loading
Curyent (p.u.) 1,8 1.5 13
Hotrspot temperatufe and metallic parts in contact
withLTBﬂ!mWI_alen °C) T50 140 130
Top-oil temperature (°C) 115 115 115
Short-time emergency loading
Current (p-u.) 2,0 1.8 1.5
Hot-spot temperature and metallic parts in contact
with insulating material (°C) see.1.5.2 160 160
Top-oil temperature (°C) see 1.5.2 115 1186
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1.5 Specific limitations for distribution transformers
1.5.1 Rating limitation

This clause covers distribution transformers up to 2 500 kVA as defined in 1.3.1.

1.5.2 Current and temperature limitations

The limits on load current, hot-spot temperature and top-oil temperature stated in table 1
should not be exceeded. No limit is set for the top-oil and hot-spot temperature under

short-tlme emergency Ioadlng because it is usually impracticable to control the duration of
eme ibution d_be noted that when the hot spot

jeo

1.5,

Apart from the windings, other parts of the tra : ingsg, cable-end
cof| i i i z i s i i Ilad currents
exd ) ' Si Iso impose
resgrictions.

1.5.4 Indoor transformers

ated top-oil
erature rise

W
te
shd

1.5

Wi s 3 p distribution
tra ictable nature makes it impracticable to take these factors
intd

This clause covers power transformers up to 100 MVA, three-phase, having the
impedance restrictions referred to in 1.3.2.

1.6.2 Current and temperature limitations

The limits on load current, hot-spot temperature, top-oil temperature and temperature of
metallic parts other than winding and leads but nevertheless in contact with solid insulat-
ing material, stated in table 1 should not be exceeded. Moreover, it should be noted that
when the hot spot reaches temperatures above 140 °C to 160 °C, gas bubbles may
develop which could jeopardize the dielectric strength of the transformer (see 1.4.1.2,
Short-term risks).
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1.6.3 Accessory, associated equipment and other considerations

Apart from the windings, other parts of the transformer, such as bushings, cable-end
connections, tap-changing devices and leads may restrict the operation when loaded
above about 1,5 times the rated current. Oil expansion and oil pressure could also impose
restrictions. Consideration may also have to be given to associated equipment such as
cables, circuit-breakers, current transformers, etc.

1.6.4 Shori-circuit withstand requirements

During or directly after operation at load beyond nameplate rating, transformers may not
comply with the thermal short-circuit requirement, as specified in IEC 76-5, which is based
on g 0 iredit-durationof 2-s—However; he-duration—o hor-ciréuit-gurrents in service
is shorter than 2 s in most cases.

1.6/5 Voltage limitations

Unipss other limitations for variable flux voltage varia >wn (seg IEC 76-4,
claLses 3, 4 and 5) the applied voltage should e times eithar the rated
voltage (principal tapping) or the tapping on any winding of the
transformer.

1.7

1.711 General

For| large power iti imitations, mainly associated with the leakage
flux, have to be ig ) side . Itis therefore advisable in this case ttspecify, at
the|time o ~ 3 nt of loading capability needed in specific appli-
cations (see\a

As < of insulation is concerned, the same calcuiation method
apqli 5. However, it is recommended that a computer calculation based
on acteristics of the transformer under consideration be|used rather
thq i

ent knowledge, the importance of the high reliability of large gnits in view
with the following considerations, make it
adv D adop FROre—Conse V8 e—individual-approach—here—than! for smaller

a) The combination of leakage flux and main flux in the limbs or yokes of the magnetic
circuit makes large transformers more vulnerable to overexcitation than smaller trans-
formers, especially when loaded above nameplate rating. Increased leakage flux may
also cause additional eddy-current heating of other metallic parts.

b) The consequences of degradation of the mechanical properties of insulation as a
function of temperature and time, including wear due to thermal expansion, may be
more severe for large transformers than for smatller ones.
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c) Hot-spot temperatures outside the windings cannot be obtained from a normal
temperature-rise test. Even if such a test at rated current indicates no abnormalities, it
is not possible to draw any conclusions for higher currents since this extrapolation may
not have been taken into account at the design stage.

d) Calculation of the winding hot-spot temperature rise at higher than rated currents,
based on the results of a temperature-rise test at rated current, may be less reliable for
large units than for smaller ones.

1.7.2 Current and temperature limitations

felop which could jeopardize the dielectric strengt
Short-term risks).

1.7.3 Accessory, equipment and other consig

Reter to 1.6.3.

1.7\4 Short-circuit withstand req

Refer to 1.6.4.

1.7\5 Voltage limita
Re1erto1.6f. &
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Section 2: Determination of temperatures

2.1 Symbols

2.1.1 Basic symbols
A is the amplitude of yearly variation of daily mean ambient temperature

B is the amplitude of daily variation of ambient temperature in kelvins;
DXis the hottest day of a year; T~

in kelvins;

H is the hot-spot factor;
is the load current in amperes;
K is the load factor (load current/rated current);

_ is the relative ageing over a certain period of ti
R is the ratio of load losses at rated current to no
& is the power in MVA;

I'X is the hottest hour of a day;
 is the relative ageing rate;
W is the number of wound limbs;

year);
is the duratic

r @ complete

A indicates a temperature rise (in regard to ambient temperature).

2.1.3 Exponenis
x is the exponential power of total losses versus oil temperature rise;

y is the exponential power of current versus winding temperature rise;

applies to hot-spot temperature on OD cooling.
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2.1.4 Suffixes (general)

relates to weighted ambient temperature;

relates to ambient temperature for hot-spot calculation;

relates to winding;

relates to ambient (temperature);

relates to hot spot (temperature);

relates to factors used to calculate maximum hot-spot temperature;

3 T ® s gm

/N

to oil,
indicates rated quantity (if used, always the last suffix);
relates to temperature or temperature rise at time ¢;

indicates yearly quantity.

Specific suffixes relating to oil temperat

hanger, at bottom;

reached in

the hottest area of the winding and every effort should be made to det

ermine this

temperature with accuracy. Direct measurement (with fibre-optic probes or similar devices)
is now becoming available. Such measurements should improve the determination of the

hot-spot temperature as compared to the calculation method outlined in 2.4.

2.3 Assumed thermal characteristics

2.3.1 Simplifications made

It should be borne in mind that the formulae given in this guide are based on a number of
simplifications. A thermal diagram is assumed, as shown in figure 1, on the understanding
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that such a diagram is the simplification of a more complex distribution. The assumptions
made in this simplification are as follows:

a) the oil temperature inside the windings increases linearly from bottom to top, what-
ever the cooling mode;

b) the temperature rise of the conductor at any position up the winding increases
linearly, parallel to the oil temperature rise, with a constant difference g between the
two straight lines (g being the difference between the average temperature rise by
resistance and the average oil temperature rise);

he top of the winding as shown in figure 1 because allowance\l

power transformers.

Top of winding

N
>

- Bottom oil
om of\winding

Temperature rise

IEC 496/91

Figure 1 — Thermal diagram

2.3.2 The top-oil temperature, as measured during a temperature-rise test, differs from
the temperature of the oil leaving the winding. This is especially so during the transitory
period following inception of a sudden load of large magnitude. In fact, the top oil is a
mixture of various oil flows which have circulated along and/or outside the various
windings.
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For ON the difference between the main windings is normally not important. The oil
temperature at the top of the winding is, for all windings, taken as equal to the tempe-
rature of the mixed top oil in the tank.

For OF and OD cooling, on the other hand, the oil temperature at the top of a winding is
taken to be the bottom oil temperature plus twice the difference between the average oil
temperature inside that particular winding and the bottom-oil temperature.

The different types of cooling have to be treated separately because of the differences in
the oil flow. For ON and OF transformers it is assumed that the oil circulation in the
wir?g is dictated by the thermal head while for OD transformers t e of flow of the oil
is mainly governed by the pump and thus is not dependent on the qll tempbgtu re.

2.3|3 For OF and OD transformers, the average oil t exshe }It:rmined by

the|best available method, since the hot-spot temper dependent

on jit. IEC 76-2 specifies a number of acceptable lue that is
used only to derive certain corrections to be g@pplied £ 5 emperature
risg. For the purpose of this guide, the altetnative me sr/deriving the |average oil

2.3 is ry short (5 min to 10 min), it has only
a limited effect on th perature, eveif under short loads of high values. Since
the ation censidered inthe loading tables is 30 min (seftion 3), the

tim e calculation.

23 3 hot-spot temperature rise under continuous, cyglic or other
dut thermal characteristics can be used:

ecjal temperature-rise test including direct measurement of the
4 perature or top-oil temperature inside the windings (in the |absence of
asurement the hot-spot factor H can only be provided by the manu-

b).results of a normal temperature rise test;

¢) assumed temperature rises at rated current.

Table 2 provides examples of thermal characteristics used in the production of the loading
tables in section 3. For large power transformers it should be noted that if the measured
average winding temperature rise at rated current is at the limit of 65 K for ON and OF
cooling, and 70 K for OD cooling, the hot-spot temperature rise at rated current may
exceed 78 K, depending on the design.
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Table 2 — Thermal characteristics used for the calculation
of loading tables in section 3

Distribution Medium and large
transformers power transformers
ONAN ON.. OF.. oD..
Oil exponent X 08 0,9 1,0 1.0
Winding exponent y 1,6 16 1,6 2,0
Loss ratio R ] 6 6 6
Hot-spot factor H 1,1 1,37 13 13
Oil time constant A (h) 3,0 /%5 15 15
Ambipnt temperature 8, (°C) 20 y.;\ 20
Hot- rise Aeh ' (K) 78 78 7 78
Average winding rise Ay, (K) 6 x 68
Hot-spot to top-oil gradient Hg, (K RO 26 22 29
Average oil rise A8, K) 46 46
Top-gf-winding o rise ") Ao, 2 56 49
Bottom-oil rise Ae%‘(\ {] 33 34 36 43

1) Fér ON cooling, A6, is taken to be equal%\:%) or \

2.4 | Steady-state te

2.4.1 ON coolin§

For ON cor@ the sum of
the [ambient p difference
between the
1+RK? X y
4 0, +46, [ 1+ A 17+ Hg, K (1)

2.4, ing

For OF cooling the calculation method is based on the bottom-oil and average oil tempe-
rature for the reason explained in 2.3.2. Thus the ultimate hot-spot temperature under any
load K is equal to the sum of the ambient temperature, the bottom-oil temperature rise, the
difference between the top-oil in the winding and the bottom-oil and the difference
between the hot-spot and the top-oil in the winding:

1+ RK?

0,=0,+46, [ 1+ R

1*+2 (a8, —26, 1 KY+Hg KY 2)
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2.4.3 0D cooling

For OD cooling, the calculation method is basically the same as for OF cooling except that
a correction term is added to take account of the variation in the ohmic resistance of
conductors with temperature:

e'h =6, + 0,15 ((-)h - ehr) (for K> 1) (3)
where

o, is calculated without consideration of the influence of the ohmic-resistance
variations using equation (2);

9, . is the hot-spot temperature at rated conditions. TN
ThJ manufacturer may be consulted to obtain a more accurate fofmulac
2.4/4 Equation corrections
Thgoretically, several corrections should be made i efjuations in
calgulating the ultimate hot-spot temperature, such as-for cha 98 mperature in:

) load losses;
}/ ysses in the
inding;

¢) oil viscosity.
For|ON and OF cooling iscosi ye withiémperature counteracts the effect of the
ohmic-resistance v ese effects
are|assumed to ca
For| . The effect
of s to be considered, as in the case of the correction
tern
25
Any load profile
consi lowed some
tim single step down. For a continually varying load, the step function
is gpplied o small time interval and the hot-spot temperature calculatior) requires a
co e 2.8)

The oil temperature rise {for bottom oil, for example) after time interval t is given by:

-t/
ABy, = AQ; + (A8, — A9,) (1—¢ o) (4)
where

A9, is the initial bottom-oil temperature rise;

A®,, is the ultimate bottom-oil (steady state) temperature rise corresponding to the
load applied during this time interval;

° is the oil time constant.
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For any increase in load the temperature difference between winding and oil will rise to a
new value with a time constant characteristic of the winding. For the reason stated in
2.3.4, this time constant is neglected. The last term of equation (1) and the last two terms
of equation (2) assume instantaneously the value corresponding to the new factor KY.

2.6 Thermal ageing of transformer insulation
2.6.1 Law of thermal ageing

If all other influences could be disregarded, the insulation system would still undergo
deterioration (ageing) of a chemical nature. This process is cumulative_and leads to a

poin{where the system is no longer acceptable, by some selected-ériterion. A cording to
the Arrhenius law of chemical reaction rate, the span of tim up t is point is
expressed as:

life duration = e(®*+B/T)

(5)

wherp

o pnd B are constants;
T | is the absolute temperature.

Within a limited range of temperafu
exponential expression of Montsing

S approximated by the simpler

(6)

wher¢

W

p | is a constant;
0 | is the temperatur

NQTE - T is a simpli-
fied ofher loading
gui (l guide, the
MoF vative esti-
ma

le and unique end-of-life criterion that can be used fpr quanti-
the remaining life of transformer insulation, but it is ppssible to
parisons based on rate of ageing instead. This is the invetse of the
e ~in Mantsjhger's form: :

tativ
make
lifetin

rate of ageing = constant x e”®

The constant in the equation is dependent on many things, such as the original quality of
the cellulose products (raw material composition, chemical additives) and environmental
parameters (moisture content, free oxygen in the system).

However, independent of those variations, the coefficient for temperature variation, p may
be taken as a constant over the actual range of temperature between 80 °C and 140 °C.
Its value is such that the rate of ageing doubles for every increment of approximately 6 K;
this value has been assumed as the basis of the present guide.
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The rate of ageing is referred to the winding hot-spot temperature. For transformers
designed in accordance with IEC 76, a usual reference value for this quantity at rated load
and normal ambient temperature is 98 °C. In this guide, the relative rate of ageing at this
temperature is taken as unity.

The insulation system of many transformers is provided with thermally upgraded
insulation. As IEC 76-2 does not consider this class of materials for oil-immersed
transformers, temperature-rise limits and improvement in thermal behaviour may be taken
into account by agreement between the manufacturer and user. in many cases,
transformers using this insulation have a normal life expectancy based on a hot-spot

temperature of 110 °C.

2.6.

is taken to be equal to unity for a hot-spot temper
operation at an ambient temperature of 20 °C and a

rela

Thi
pe

- -

Relative thermal-ageing rate

Relative ageing rate

mal ageing
sponds to
f 78 K. The

N

is very sensitive to the haot-spot tem-

\_g} 0,125
86 0,25
> %2 0,5
o8 1,0
104 2,0
110 4,0
116 8,0
122 16,0
128 320
134 64,0
140 128,0

2.6.3 Loss-of-life calculation

The loss of life caused by months, days or hours of operation at a hot-spot temperature
of 98 °C is expressed in normal months, days or hours.
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If the load and ambient temperatufe are constant during a period, the relative loss of life
is equal to V x t, t being the period under consideration. The same applies to a constant
operating condition and a variable ambient temperature if the weighted ambient is used
(see 2.7).

Generally, when operating conditions and ambient temperature are changing, the relative
ageing rate varies with time. The relative ageing (or relative loss of life) over a certain
period of time is then equal to:

N
TV (8)

where

n is the number of each time interval;
N is the total number of equal time intervals.

2.7| Ambient temperature
2.71 General

For outdoor alr-cooled transforme \ al ai perature is taken gs ambient.
For|i : emperature correction is given in 2.7.6.
For rature is the temperature of|the incom-

ing

If the peak ion ] atf a few hours, the variations of ambient temperature
have z § epending on the user’s preference these variations can be

temperature can be used for the thermal ageing palculation,
an value of monthly maxima for the maximum hot-gpot tempe-
.7.2 and 2.7.3);

T A0 m

0
~
—
b=
(D
.
3

ignt temperature variation can be approximated by a double| sinusoidal
ﬁetlvll \2 7 5)

—

2.7.2 Weighted ambient temperature, 6

If the ambient temperature varies appreciably during the load cycle, then a weighted value
should be sued in the thermal calculation because the weighted ambient will be higher
than the arithmetic average.

The weighted ambient temperature is a constant, fictitious ambient temperature which,
during a specific time, causes the same ageing of the insulation as a variable ambient
temperature acting during that time (which may be days, months or a year).
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" For the case where a temperatUre' increase of 6 K doubles the ageing rate and the
ambient temperature can be assumed to vary sinusoidally, the weighted ambient tem-
perature is equal to:

0 = 6+ 0,01 (A6)"%° (9)
where

0 is the mean temperature;

A0 is the temperature range for the period under consideration (mean value of maxima
minus mean value of minima).

/N

Thl correction factor to be applied to the average temperaturedca \be\cerived from
figyre 2, which is an illustration of the above formula.

S
Yl
}(/

—
IS

Correction (6g - 8)K

ey
N

ON
N
O
: NN

s

NN 5%
Coodgi 0 ‘
\/\\§> 30 40 50

-
(o]

0

N

Temperature range (A8) K
IEC 497/01

T n between weighted and average ambient temperatyre as

2.7 ienttemperature for hot-spot calculation, 8,

The weighted ambient temperature can be used for the calcuiation of thermal ageing but
cannot be used to check the maximum hot-spot temperature reached during the peak load
period. For this purpose it is recommended that the mean value of the monthly maxima be
taken. Use of the absolute maximum is not considered wise in view of the low probability
of occurrence of this value and the effect of the oil time constant.

2.7.4 Continuously varying ambient temperature

When the ageing and hot-spot temperature calculations are limited to a few days of
operation with load beyond nameplate rating, it may be found more suitable to use the
actual temperature variation profile that is expected for that period. The ambient
temperature profile has then to be expressed in a set of discrete values corresponding to
the time interval chosen to describe the load variation.
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2.7.5 Sinusoidal temperature variation

For calculations over many days or months, it may be more convenient to consider the
ambient temperature as a double sinusoidal function, the first describing the year-round
temperature variation, the second the daily variation.

9,=9, +Acos3—65(day DX)+(BouB_ )cos—(hour—TX) (10)
where
eJY
A >kelvins;
B is the amplitude of daily variation for ageing-rate ;
B}  is the amplitude of daily variation for calculation~of mz . nperature

in kelvins;
DX is the hottest day of a year;
TX is the hottest hour of a day;
day

Calct gram, as
shown i , Wi i gristic temperatures for each month of the
year.

2.7.6

A tra s > which is
about : that the
top-o 3 he top-oil
tem

For t
theretfore be re

installed in a metal or concrete enclosure, A6, in equation (1 should
ed by A®'__as follows:

AG’,, = A8, + A(AD

or)

where

A(Aeor) is the extra top-oil temperature rise under rated load. It is recommended that this
extra temperature rise be determined by tests, but when such test results are not
available, the values given in table 3 for different types of enclosure may be used as a
guide. These values should be divided by two to obtain the approximate extra top-oil
temperature rise.
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Table 3 — Correction for increase in ambient temperature due to enclosure

1 2 3 4 5 6
Correction (to be added to
weighted ambient temperature)
Number of °C
Type of enclosure transformers .
installed Transformer size
kVA
250 500~] 750 1000

[

N
1 i1 12 Q 13 14
Underground vaults with natural ventilation 2 12 4 16
3 17 1 22

Basements and buildings with poor natural 1 < AV 9 10
ventilation 2 10 12
3 /\\ 13 15 17

VAN

Buildings with good natural ventilation and \) <> 3 4 5 6
u round vaults and basements with 5 6 7
for ventilation 3 (] 9 10 13

Kiogks (see note 2)

wawzo_

NOTES

1 |The abovetempera on estimated for typical substation loading conditions using re-

preTntative VB of tré s . ased on the results of a series of natural and forced-tooling tests in
rground vaults g hstations'a

2.8| ‘Computer program

2.8.1 Logic diagram

The determination of the load factor applicable to a given transformer under a given load
profile, a specific ambient-temperature variation and a preset limit on hot-spot temperature
and ageing is an iterative procedure that requires computer calculations. A basic logic
diagram of such an iterative procedure incorporating the fundamental ideas expressed in
this guide is shown in figure 3.

A similar iterative procedure is used if the objective is to help the system planner to
choose appropriate rated quantities for a new installation where the loading and ambient
temperature conditions are known.
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The program should be designed in such a way that the user has to enter the transformer
thermal characteristics, the load profile for the period under study and the ambient
temperature conditions for the same period, as well as the specific limitations on tempera-
ture and ageing that he judges applicable.

The maximum hot-spot temperature and relative ageing are calculated with the initial load
diagram. If the limit temperature is not exceeded and the ageing is below the accepted
value, the calculation is then repeated with a multiplying factor F applied to each discrete
load K;, K,, ... K, with the time intervals t,, 1,, ...t, remaining unchanged. The multiplying
factor F is increased in steps of 1 % at each pass until one of the limits is reached. If, in
the initial calculation, the relative ageing is greater than the selected value, the calculation
is repeated with a value of Freduced by 2 %.

chgsen differently depending on the transformer and
dedigner has to consider that, for a hot-spot temperature
inctease of 2 % on the load factor will increase t i

Tha increment on the load muitiplier and the tolerances on iimiting te

more than 2 K and the relative ageing by approxima
Alldg gey. For the
pur| 5, higher
acg
f input and
a constant
e different

a double
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( START )

READ INPUT:

Transformer characteristics

Cooling method: ONAN, ONAF, OF or OD

A6, top-oil temperature rise at rated current for ONAN and ONAF cooling~
A8y : bottom-oil temperature rise at rated current for OF and OD/sgcling
A6, - average oil temperature rise at rated current
ng hot-spot to top-oil temperature difference at rg
X oil-temperature exponent
y winding-temperature exponent
R ratio of load losses tg
Ty oil time constant (hours)
Ohr . nominal hot-spot tem e-for unity a rate (98 °C, 110 °C or any other
suitable reference tem erate 2.
Load cycle

Limitations

0 maximum acceptable hot-spot temperature

hmax °
®omax - Maximum acceptable top-oil temperature
VLm ax maximum acceptable relative ageing

F : state if load curve multiplier is fixed at F =1
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Set "F" (load curve multiplier) = 1

Load cycle x F

Set initial top-oil temperature rise equal C

to ultimate temperature rise of previous da

Calculaté-hot-spot\te ature\at the
ofaach o interya

Is

temperature at
end of load cycle
within 0,2 °C of top-oi

Set initial top-oil temperature equa
at start 7

N

I
x Calculate ageing
N
L=,—L T 2 (Op =06
<\ n=1

Yos

F=1a
fixed value ?

No Print
results
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A\

maximum top-oil
temperature of the cy?cle below

- 55 —

No

Increase F

ageing less than
09L x?

Yes

S

maximum hot-spot No
temperature of the cycle below -~ TN
“hmax
Is No x

Yes

N

Yes

'\
maximum top-oil

emperature of the cycle above
omax

Is
maximum hot-spot
temperature of the cycle above

hmax

ageing more than
?
max’

Print
calculation
results

Figure 3 — Logic diagram of a computer program for calculation of an acceptable
loading factor
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Table 4 — Data relating to calculation over a single day with a
constant weighted ambient temperature
*** Input (1) *** transformer rating and characteristics

kind of transformer: DISTRIBUTION
cooling method: ONAN

A®, : top oil temperature rise [K]

A®,  : average oil temperature rise [K]

Hg, : hot-spot to top-oil temperature rise [K]
X . oil temperature exponent

R  : ratio of load loss to no-load loss ,00
, - oil time constant [h] 00
6,, : hot-spot temperature for normal ageing [°C] >0
*** input (2) *** required load diagram
start 1 load [p.u.]
1 0: 00 0,700
2 12: 00 1,340
3 0,700
,00
,00
115,00
pot temperature [°C] 144,00
relative ageing 1,00
ultiplier — fixed or variable FIX
hot-spot relative agejng
max. [°C] over a day [p.u.]
135,08 0,935
top-oil temperature hot-spot temperature
[°C] [°C]
1 75,34 88,34
2 98,35 135,08
3 76,15 89,15
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Table 5 — Data relating to calculation over a full year with double sinusoidal
variation of ambient temperature and three different load profiles

*** Input (1) *** transformer rating and characteristics

kind of transformer: DISTRIBUTION
cooling method: ONAN

A . : top-oil temperature rise [K]

AQ. _: average oil temperature rise [K]

Hg, : hot-spot to top-oil temperature rise [K]

X : oil temperature exponent
—y———winding-temperature-exponent

R : ratio of load loss to no-load loss

1, : oil time constant [h]

0,, : hot-spot temperature for normal ageing [°C]

“** Input (2) *** required load diagram

“** Input (3) *** ambient-temperature data

eay : yearly average ambient temperature [°C]
A : yearly variation [K]

B : daily variation for ageing [K]

B, : daily variation for temperature limit [K]

DX : hottest day of the year
TX : hottest hour of the day

*  17/4 = 17 April for example.

11,47
8,05
5,10

11,45

199
14:00

Period 1 1/1 107
start ad [p.u.]
1 0:00 0,700
2 8:00 1,000
3 11:00 0,800
4 14:00 1,360
5 16:00 0,850
6 0,700
Period 2 DURATION [days]: 183
duration [h] Ipad [p.u.]
1 10,00 0,700
ZQ 3,00 1,000
3 2,00 1,360
4 5,00 0,900
5 4,00 0,700
Pariod DURATION [days]: 75
4 start duration [h] Ibad [p.u.]
1 0:00 8,00 0,700
8:00 3,00 1,000
3 11:00 3,00 0,800
4 14700 2,00 1,360
5 16:00 3,50 0,850
6 19:30 4,50 0,700
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Table 5 (continued)

*** Input (4) *** temperature and operation limitations

Oomax. limitation of top oil temperature [°C] 115,00
O, max: limitation of hot-spot temperature [°C] 140,00
L.y : limitation on relative ageing [p.u.] 1,00
F  : load profile multiplier — fixed or variable FIX

ekt Output *dd

top-oil hot-spot relative
Period  start end max. [°C] max. [°C] ~ ~ _ageing [p.u.]
1 17 1 17 /1 4 84,77 ,237
2 18/ 4 17 /10 96,20 7160
3 18/10 31/12 84,84 0,266
Period 1 hbt-spot temperature
[°C]
1 59,89
2 90,28
3 82,61
4 122,39
5 81,03
6 53,12
Perig op-oil temperature hot-spot tempgrature
[°C] [°Cl
4 1 60,72 73,72
78,40 101,40
3 96,20 133,82
70,78 » 90,21
5 49.13 62,13
Relative ageing for the period L (2) = 1,160 p.u.
Period 3 top-oil temperature hot-spot temperature
[°C] [°C
1 46,96 59,96
2 67,34 90,34
3 66,59 82,68
4 84,84 122,46
5 63,36 81,10
6 40,19 53,19

Relative ageing for the period L (3) = 0,266 p.u.
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Section 3: Loading tables

3.1 Limitations applicable to loading tables

This section provides readily available loading allowances for the different types of
transformer. The information presented in the tables and figures of 3.2 to 3.4 was obtained
using the equations given in 2.4 to 2.6 and the transformer thermal characteristics in
table 2.

A hig ecause of
the required approximations:
a)| The daily load variation is represented by a simplified yle (see
figure 4).
b)| The thermal characteristics used in the calculation may not
cofrespond to those of the transformer under study:
c) he 24-hour duty cycle.
d) .4.3) in tables
th jon factor
h
(12)
Userg are strongly fencou C . i accurate
set of thermal cha ' b realistic
load profile.

3.2.1
Tou l{\" and tables of 3.4 and 3.5, the daily load cycle has to be represented by
a sim vo-stepload cycle as shown in figure 4. The load steps shall be and K,,

: - ak load. The duration of the peak load is f hours. The mgthods of
determining this duration in the rectangular load profile depend upon a number ¢f factors,
and 3.2.2, 3.2.3 and 3.2.4 describe recommended methods for various shapes of actual
load cycles.

In case of doubt regarding the suitability of the equivalent two-step load cycle, several ap-
proximations should be made and the most conservative profile adopted.
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Load factor

K2

K1

0 Time of day 24h
IEC 498i91

Figure 4 — Equivalent two-step load cycle
VAN

3.2.2| Load cycle with one peak

In this case, the value of t should be selected on an area basis<as i

For the off-peak portion of the load cycle, the value of
average off-peak load.

a

VS v
4
/2 3 x 4

4

- 24 3% 4 <
x /\( a+ +d
\ \

LN

0 Timeof day 24h

Load factor

IEC 499/91

igure 5> Load cycle with one peak

s of equal amplitude and different duration

ere\are two peaks of nearly equal amplitude but different dyration, the
ined for the peak of longer duration and the value of K, is selected to
h figure 6.

avetage of the remaining load. A typical load cycle is shown i

Load factor
/

K1
K2

! |
[¢] Time of day 24 h
IEC 500/91

Figure 6 — Load cycle with two peaks of equal amplitude and
different duration
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3.2.4 Load cycles with peaks in close succession

In the case where there are peaks in close succession, the value of tis made long enough
to enclose both peaks and K, is selected to correspond to the average of the remaining
load, as shown in figure 7.

Load factor
[ —

K1

o] Time of day

3.3 Normal continuous loading

a constant
= K24 for

If thel load current over a certain period of ti
equivalent load current may be us
continuous duty for different ambient

o
o

40

/\ AN
Ambi \P@L \-Ey 20 |10 o | 10 | 20
’ %gpiat@\\ 123 [ 118 [ 108 | 98 | 88 | 78 | 48 | 58

/\ istribution NAN 1,37 {133 | 125 | 1,17 | 1,09 | 1,00 [ 0j91 | 0,81

x \> ON 1,33 1,30 [ 1,22 | 1,15 | 1,08 | 1,00 | 0jo2 | 0,82
<&s er tragsformer OF 1,31 [1,28 | 1,21 [ 1,14 | 1,08 | 1,00 | 0j92 | 0,83
N

N oD 1,24 {122 | 1,47 | 1,11 | 1,06 | 1,00 | 0jo4 | 0,87

3.4 Normal cyclic loading

The information is presented in the following figures, corresponding to the four types of
transformer as below and eight different ambient temperatures:

ONAN distribution transformers - figure 9
ON  medium and large power transformers - figure 10 -
OF medium and large power transformers - figure 11
OD  medium and large power transformers - figure 12

If the ambient temperature value falls between two figures, select the next highest or inter-
polate between the two nearest figures.
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The curves can be used to determine the permissible peak load K, for a given duration ¢
and a given initial load K,. Assuming that the applied voltage remains constant, they can
also be used for determining the rated power of a transformer (with normal life duration)
for a given rectangular load profile defined as the ratio K,/K,. All that is necessary is to
find the intersection of the curve corresponding to the duration of the load K, with the line
of constant slope K /K, which can be found by marking corresponding points on ordinate
K, =1 and abscissa K, = 1, and joining them (see example 2 below and the appropriate
figure 8).

Example 1: 2 MVA ONAN distribution transformer, initial load of 1 MVA. To find the pemis-
sibie load for 2 h at an ambient temperature of 20 °C, assuming constant
VAN

—volitage:

0,=20°C K,=05 t=2h

Figure 9 gives K, = 1,56, but the guide limit is

Therefore, the permissible load for 2 h is o 1 MVA).
Example 2: With 8, = 20 °C, an ONAN distfibuti : or is required to carry

1 750 kVA for 8 h and 1 000 kVA for the aini 6 h each day.| Assuming

| K, giving
the rated

6a = 20°C

_,______
T

)

o

0,8

0,2 0,4 0,6 0,8 10 1,2 K 1.4

IEC 502191

Figure 8 — Hlustration of example 2
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Figure 9

ONAN distribution transformers —
Permissible duties for normal loss of life

CEI-IEC 503/91
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ONAN distribution transformers —
Permissible duties for normal loss of life (continued)
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Figure 10

ON medium and large power transformers —
Permissible duties for normal loss of life
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ON medium and large power transformers —

Permissible duties for normal loss of life (continued)
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OF medium and large power transformers —
Permissible duties for normal loss of life
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OF medium and large power transformers —
Permissible duties for normal loss of life (continued)
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OD medium and large power transformers —
Permissible duties for normal loss of life
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OD medium and large power transformers —
Permissible duties for normal loss of life (continued)
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3.5 Emergency cyclic loading

The following tables are intended to give the user an indication of the loads that can be
carried by a transformer without exceeding the winding hot-spot temperature limit stated in
table 1 and, also, of the loss of life entailed, assuming that the thermal characteristics of
the transformer under consideration are similar to those listed in table 2. The information
is presented in 24 tables corresponding to the following four types of transformers and six
values of t (from 0,5 h to 24 h).

ONAN distribution transformers - Tables 7 to 12
ON medium and large power transformers - Tables 1310 18
OF medium and large power transformers - Tables 19 to 24
O medium and large power transformers - Tables 25 to
With the aid of these tables it can be ascertained whe diag hcterized by
particular values of K, and K, is permissible for a g and, if so,
what daily loss of life it will entail (expressed /i nt days of
op
The temperature and daily loss of lif Iculated on
the i ency duty,
pr of life are
ar in.
Th precision,
wh akes it easy to draw curves and make interpolations, on
the nd of the
cal
Exampl he following

4

OF\cooling, K; =0,8, K,=13, t=8h, §,=30°C
perature of

20 °C. Taking account of the actual ambient temperature of 30 °C we find:

L=31,8x3,2=101,8 "normal” days
6, =121+ 30 =151 °C

Thus the hot-spot temperature exceeds the recommended limit of 140 °C and
this loading condition should be avoided.
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Table 7 — ONAN distribution transformers: = 0,5 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | s0°Cc | 20°Cc | 10°C| 0°C |-10°C| —20°C|-25°C
Daily loss of life:
Multiply the value given in the table below by ]
thp factor given here, then round off the result 10 8,2 1 0,32 /Q,v 0,63% 0,01 | 0,0055
Hgt-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperature. If the resu ing hotsp te%erature
exteeds the limit stated in table 1, the duty is not permissible.
N\
JANNENGAN
K, 025 050 070 080 090 N W,so 140 1,50
K,
2 \)
07 0,001 0,008 0,032
32 40 48
o{s 0,001 0,006 0,033
1,00
78
1,03 3,72
83 89
1,08 3,84 14,9
88 95 101
1,14 4,02 15,6 64,7
94 100 107 114
1,25 4,30 16,2 67,2 302
99 106 113 120 127
1,45 4,77 17.5 70,8 314 1510
106 112 119 126 133 141
T8 5,61 tg6——766——332 1570
112 118 125 132 140 148
2,62 7,21 23,5 86,9 361 1 670
118 125 132 139 146 154
3,95 10,4 31,2 107 415 - 1830
126 131 138 145 163 161
1,9 0,104 0,263 0,782 1,50 3,11 6,98 17.2 47,0 146 520 2130
99 107 115 121 126 132 138 145 152 160 168
2,0 0,224 0,559 1,64 3,10 6,26 13,6 31,7 80,9 229 737 2730
107 114 128 128 133 139 146 153 160 167 175
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Table 8 — ONAN distribution transformers: t=1h
Permissible duties and corresponding daily loss of life
(in "normal” days) '

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C| 0°C | —-10°C| —20°C|-25°C

Daily loss of life:

Muiti iven i table below by /]

the factor given here, then round off the result 10 32 1 0,32 /%1 0,09% 0,01 | 0,0055
HJt-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperaN ulting, hot.sp te}:erature

expoads the limit stated in table 1, the duty is not permissible.

L NGO
0,00 N 1\,9{\/1,30 140 150
4
47 | o001 0006 0032 \) G

K, 025 0,50 0,70 0,80

1,00
78
1,07 3,72
84 89
1,17 3,98 14,9
90 96 101
1,34 4,39 16,0 64,7
a7 102 108 114
1,66 511 17,9 69,8 302
104 109 115 121 127
2,28 6,46 21,1 783 327 1510
111 116 122 128 135 141
3,58 9,22 273 93;9 370 1 640
119 124 130 136 142 149
1,7 0,146 0,329 '0,871 1,57 3,05 6,46 15,2 40,5 125 450 1870
99 105 112 117 121 126 132 138 144 150 157
1,8 0,340 0,760 1,96 3,46 6,52 13,2 28,8 69,9 192 615 2310
107 113 120 125 129 135 140 146 152 158 165
1,9 0,826 1,83 4,66 8,12 15,0 29,4 61,5 139 347 983 3250
118 122 129 133 138 143 148 154 160 167 173
2,0 2,08 4,58 11,5 20,0 36,4 70,2 143 311 725 1860 5410

124 130 138 142 147 162 157 163 169 175 182
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Table 9 — ONAN distribution transformers: t=2 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C| 0°C | —10°C| ~20°C|-26°C
Daily loss of life:
Multiply the value given in the table below by Yy
the factor given here, then round off the result 10 3,2 1 0,32 0\1 0,03\2 0,01 | 0,0055
Hot-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperature. If'the resultinig hot:spot tepriperature
excoeds the limit stated in table 1, the duty is not permissible. (\
AV
EVANNEGAN
K, 025 050 070 08 090 M W,ao 1,40 1,50
K’
07 0,002 0,006 0,032 \)
39 43 48
[1X:3 0,002 0,008 0,036
1,00
78
1,14 3,72
85 89
1,40 4,28 14,9
93 97 101
1,93 5,35 17.4 64,7
102 106 110 114
3,10 7,60 22,1 76,0 302
110 114 118 123 127
5,93 12,8 32,5 98,5 357 1510
120 124 128 132 137 141
1378 2650 574 +50 472 1800
129 133 137 142 146 151
1,7 2,13 3,89 7,96 12,2 19,8 33,8 61,7 123 278 742 2430
119 124 129 132 135 139 143 147 151 156 161
1.8 6,36 11,5 233 354 56,3 93,9 165 308 628 1450 3950
129 134 139 142 146 149 153 157 162 166 171
1,9 19,9 359 71,8 108 170 280 480 866 1 660 3440 8070
140 145 150 153 156 160 i64 168 172 177 182
2,0 653 117 232 348 544 884 1 500 2 640 4 880 + +
151 156 161 164 167 171 175 179 183 + +
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Table 10 — ONAN distribution transformers: t=4 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C | 0°C | -10°C| —20°C| -25°C
Daily loss of life:
Muyiti iven i ble below by /]
factor given here, then round off the result 10 3,2 1 0,32 /%1 0,03{ 0,01 | 0,0055
HJ!—spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperatuge, If the resu h ;werature
expeeds the limit stated in table 1, the duty is not permissible. <w\
AN A
K, 025 05 070 080 090 mﬂ\ 1\,20\\/1,30 40 1,50
K,
p: \)
d7 | o003 o008 0032 G
43 46 48
g8 0,005 0,012 0,040
1,00
78
1,32 3,72
87 89
2,06 5,00 14,9
a7 99 101
4,02 8,13 20,5 64,7
108 110 112 114
9,76 16,8 34,7 90,6 302
119 121 123 125 127
28,2 43,7 76,1 160 431 1510
130 132 134 137 139 141
92,7 135 211 371 790 2200
142 144 146 149 151 153
1.7 69,0 97,3 146 187 246 334 470 694 1100 1950 4190
144 147 149 151 163 155 157 159 161 163 166
1,8 282 394 587 745 971 1 300 1790 2560 . 3830 6110 +
157 160 162 164 166 167 169 172 174 176 179
1,9 1220 1690 2 500 3150 4 080 5410 7370 + + + +
171 173 176 177 179 181 183 + + + +
2,0 5 540 + + + + + + + + + +
184 + + + + + + + + + +
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Table 11 — ONAN distribution transformers: t=8 h
Permissible duties and corresponding daily loss of life

(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C| 0°C |-10°C| ~20°C}|-25°C
Daily loss of life:
Multiply the value given in the table below by /]
thle factor given here, then round off the result 10 3,2 1 0,32 &1 0,b3\2 0,01 | 0,0055
Hot-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperature. If the rasultifig hot: te}pefature
oxcesds the limit stated in table 1, the duty is not permissible. (\
AN
K1 0,25 0,50 0,70 0,80 0,90 1,00 \LQ 1 ,\/1 ,30 1,40 1,50
K \)
1,00
78
1,73 3,72
89 89
3,02 6,68 14,9
100 101 101
11,4 16,2 27,9 64,7
112 113 114 114
39,9 50,7 71,9 126 302
125 126 126 127 127
168 190 242 345 609 1510
138 139 140 140 141 141
16 360 F:8 -4 486 538 804 690 807 974 1240 T770 3160
150 150 151 151 152 152 153 153 154 155 155
1,7 1770 2020 2 360 2600 2890 3270 3760 4 410 5350 6840 9770
164 165 165 166 166 167 167 168 168 169 170
1.8 9320 + + + + + + + + + +
179 180 180 181 181 182 182 183 183 184 +
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Table 12 — ONAN distribution transformers: t =24 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C{ 0°C | -10°C| —20°C|-25°C

Daily loss of life:

Multiply the value given in the table below by
thF factor given here, then round off the result 10 82 1 0,32 OE %,GQ__ 0,01 | 0,0055

N

Hat-spot temperature:

the hot-spot temperature rise given in the table to the ambient temperature. If the resulti
ox s the limit stated in table 1, the duty is not permissible.

N\

& 1,2 14,9
101

13 64,7

114

4
1.4 302
127
1.5 1510
141
1.6 8080
156

1.7 +
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Table 13 — ON medium and large power transformers: t = 0,5 h

Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

3

Ambient temperature 40°C | 30°C | 20°C | 10°C| 0°C | -10°C} -20°C|~25°C
Dalily loss of life:
Multiply the value given in the table below by /]
tthactor given here, then round off the result 10 3,2 1 0,32 /%1 0,0% 0,01 | 0,0055
HJt-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperature. If the regulting, h to}perature
expoeds the limit stated in table 1, the duty is not permissible. (\
L NGHAN
K, 025 050 070 08 090 M W,ao 40 1,50
K3
a7 0,001 0,004 0,024 \)
30 37 46
Q.8 0,001 0,004 0,025
1,00
78
1,04 4,30
84 o1
1,09 4,47 20,5
90 97 i04
1,18 4,73 21,4 108
96 103 111 119
135 5,18 22,8 113 631
103 110 118 125 134
1,69 6,03 25,2 121 661 4040
110 117 125 133 141 150
© 0,022 0,054 O 174 036508682397, 76—28;9—135——710 4250
85 92 101 106 112 118 125 132 140 148 157
1,7 0,048 0,118 0,356 0,712 1,58 3,98 11,6 39,8 164 802 4590
93 100 109 114 119 126 133 140 148 166 165
1.8 0,113 0,271 0,794 1,54 3,28 7,69 20,4 62,3 226 994 5250
101 108 117 122 128 134 141 148 156 164 173
1,9 0,275 0,652 1,88 3,60 7.45 16,8 41,7 116 373 1430 6650
110 117 125 130 136 142 149 157 164 173 182
2,0 0,695 1,64 4,69 8,88 18,1 40,0 95,8 251 736 2480 +
118 125 134 139 145 151 158 165 173 182 +
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Table 14 — ON medium and large power transformers: t=1h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature . 40°C { 30°C | 20°C | 10°C | 0°C | ~-10°C| -20°C|-25°C
Daily loss of life:

Muttiply the value given in the table below by /]

tthgctor given here, then round off the result 10 3,2 1 0,32 /%l 0,08{ 0,01 | 0,0055

HrLspot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperaturg. if the resulting h te%erature
exteeds the limit stated in table 1, the duty is not permissible. <\

1, \ 1,\/1,30 40 1,50

0,25 0,50 0,70 0,80 0,90 ,00

20,5
104
22,4 108
112 119
25,7 119 631
120 127 134
32,7 138 695 4040
129 136 143 150
4877 80— 821 4 480
138 145 152 159

1,7 0,418 0,875 217 3.81 7,20 14,8 34,0 89,4 281 1100 5360

110 115 122 127 131 136 142 148 155 161 169
1,8 1,21 2,50 6,11 10,6 19,5 38,9 84,0 201 549 1800 7400
120 126 132 137 141 146 152 158 165 171 179
1.8 3,65 7,52 18,2 31,2 57,0 111 233 527 1310 3730 +
130 136 143 147 152 157 162 168 175 182 +
20 11,6 238 57,1 973 176 341 701 1540 + + +

141 147 154 1568 162 168 173 179 + + +
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Table 15 — ON medium and large power transformers: =2 h
Permissible duties and corresponding daily loss of life

(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C { 30°C | 20°C | 10°C| 0°C | -10°C| —20°C|—-25°C
Daily loss of life:
Multiply the value given in the table below by /]
the factor given here, then round off the resuit 10 3,2 1 0,32 /% 0,03% 0,01 | 0,0055
Heg-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperature, If the resu h e}werature
exgeeds the limit stated in table 1, the duty is not permissible. {\
L N0\
K, 025 05 070 08 090 N 1\,2%\/1,30 |40 1,50
K]
y: \)
d7 | o001 0004 0024 G
37 41 46
a8 0,002 0,005 0,027
44 48 53
0,9 0,003
52
0,005 1,00
78
1,17 4,30
87 AN
1,53 5,09 20,5
96 100 104
2,40 6,86 24,6 108
106 110 114 119
4,79 11,4 34,2 132 631
117 121 125 129 134
12,1 24,6 60,2 189 778 4040
128 132 136 140 145 1680
K] 280 473 9,07 136 215 354 67,7 T40 352 T150 5060
122 126 131 133 137 140 144 148 152 167 162
1,7 104 17,5 33,0 48,8 75,9 125 218 414 885 2280 7760
134 138 143 146 149 1562 156 160 164 169 174
1.8 41,6 69,2 129 190 291 470 800 1450 2 820 6190 +
147 151 166 168 162 165 169 173 177 182 +
1,9 177 293 542 790 1200 1920 3210 + + + +
160 164 169 172 175 178 182 + + + +
2,0 803 1320 2430 + + + + + + + +
174 178 183 + + + + + + + +
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Table 16 — ON medium and large power transformers: t =4 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C | 0°C |-10°C| —20°C|-26°C
Daily loss of life:
Multiply the value given in the table below by ya
thg factor given here, then round off the result 10 3,2 1 0,32 N 0,0‘8{ b,01 | 0,0055
Hot-spot temperature:
the hot-spot temperature rise given in the table to the ambient temperature_ If the resu h erature
exdeeds the limit stated in table 1, the duty is not permissible. {\
L NGHAN
K, 0725 0,50 0,70 0,80 0,90 00 m 1>N,3o 140 1,50
K,
2
o7 0,002 0,006 0,024
42 44 46
0B 0,004 0,009 0,030
50 52 54
0p 0,010
1,0
11 4,30
91
1p 6,15 20,5
102 104
18 11,7 30,2 108
115 117 119
L™
1w 31,7 61,6 164 531
™ 128 130 132 134
16 113 182 358 D87 4040
142 144 146 48 150
1,6 230 775 T160 2300 6530
156 158 160 162 164
1,7 499 649 901 1100 1390 1 800 2410 3360 4980 8140 +
162 164 166 167 168 170 172 174 175 178 180
1,8 2880 3730 5130 6240 7790 + + + + . +
178 180 182 183 184 + + + + + +
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Table 17 — ON medium and large power transformers: { =8 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C | 0°C |-10°C| -20°C| —25°C
Daily loss of life:
Multiply the value given in the table below by ya
the factor given here, then round off the result 10 3,2 1 0,32 /%I 0,@{ 0,01 | 0,0055
Hot-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperaturg. If the resulting.b tq ture
ex¢eeds the limit stated in table 1, the duty is not permissible. (\
A\
K, 0325 0,50 0,70 0,80 0,90 ,00 m 1, \/1 ,30 40 1,50

K/

4

a7 0,005 0,009 0,024

45 45 46

o8 0,014 0,019 0,038
54 55 55

oo 0,040
65
1,0 0,135

11 4,30
91
112 8,64 20,5
104 104
113 26,1 43,6 108
118 118 119
a
4 108 145 244 631
BN 133 133 133 134
15 551 665 886 1500 4040
148 149 149 149 150
1,6 T780 T950 Z 200 2370 Z 580 Z 850 3220 3720 3500 5 +
163 163 164 164 164 164 165 165 165 166 166
1,7 + + + + + + + + + + +

180 180 181 181 181 182 182 182 183 183 184
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Table 18 — ON medium and large power transformers: t= 24 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C| 0°C |-10°C| -20°C|-256°C

Daily loss of life:

Multiply the value given in the table below by /|
the factor given here, then round off the result 10 32 1 0,32 /0&
resu h
N

0,01 | 0,0055

o,dsg
Hot-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperature, If the ' o%evature
exgeeds the limit stated in table 1, the duty is not permissibie. <e\

0,074

4,30
91

20,5
104

108
119

1.4 631
134

1,5 4040
150

167
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Table 19 — OF medium and large power transformers: t=0,5 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C| 0°C | -10°C| —20°C|-25°C
Daily loss of life:
Multiply the value given in the table below by /]
factor given here, then round off the result 10 3,2 1 0,32 /%1 0,082,/ 0,01 | 0,0065
Hat-spot temperature:
the hot-spot temperature rise given in the table to the ambient temperature. If the resulting hokspottemperature
exceeds the limit stated in table 1, the duty is not permissible.
A\
FANWGA
K, 025 050 070 080 090 m W,ao 140 1,50
K]
97 | 0001 0008 0,020 \) G
35 39 44
a8 0,001 0,003 0,020
1,00
78
1,05 4,70
87 91
1,15 4,93 24,8
96 101 106
1,42 5,49 26,2 147
106 111 116 121
2,21 7,02 29,5 156 975
116 121 126 132 138
4,73 11,8 39,2 178 1(040 7230
127 132 137 143 149 155
133 27,7 70,8 245 T200 7730
139 143 148 154 160 166
1,7 2,99 5,08 10,1 155 25,4 446 85,0 183 482 17400 9120
130 134 139 143 146 151 155 160 166 172 178
1,8 11,6 18,5 38,4 58,8 95,5 165 305 609 1360 3700 +
142 147 152 155 159 163 168 173 178 184 +
1,9 46,9 79,1 155 237 383 657 1200 + + + +
165 160 165 168 172 176 181 + + + +
2,0 203 341 666 1010 + + + + + + +
169 173 178 182 + + + + + + +
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Table 20 — OF medium and large power transformers: t=1h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C | 0°C | —-10°C| —20°C{-25°C
Daily loss of life:
Multiply the value given in the table below by /]
the factor given here, then round off the result 10 32 1 032 /Q{J 0,58{ 0,01 | 0,0055
:I:spot temperature:
the hot-spot temperature rise given in the table to the ambient temperatyre, If the resultinghotsp t%perature
exceeds the limit stated in table 1, the duty is not permissible. {\
K, 025 0,50 0,70 0,80 0,90 1,00 \1,3\ 1&% 1,30 1,40 1,50
K, \)/\
9,7 0,001 0,003 0,020 G
37 40 44
Q9.8 0,001 0,004 0,021
45 48 52
1,00
78
1,10 4,70
88 o1
1,35 5,21 24,8
a9 102 106
2,14 6,62 27,8 147
110 114 17 121
4,85 11,2 36,4 166 975
122 126 129 133 138
152 28,3 66,7 225 1110 7230
135 138 142 146 150 1565
58,0 97,6 186 446 1570 8340
149 152 155 159 164 168
1,7 32,3 483 81,0 112 164 250 406 706 1380 3370 +
148 151 154 157 160 163 166 170 173 178 182
1,8 159 236 393 543 784 1190 1890 3180 + + +
162 165 169 171 174 177 181 184 + + +
1,9 842 1250 2060 + ¥ + + + + + +
178 181 184 + + + + + + - + +



https://iecnorm.com/api/?name=9ef1cec66895c057d1ca1bafa52ad84d

354 © IEC - 109 ~

Table 21 — OF medium and large power transformers: t=2h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature l 40°C | 30°C | 20°C | 10°C} 0°C | -10°C| —20°C| -25°C

Daily loss of life: \

Multi iven in the table below by Y
factor given here, then round off the result 10 3.2 1 0,32 /Q\1 o,bs% 0,01 | 0,0055
H«lt-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperatw ulting hots Iq>pelature
N\

expeeds the limit stated in table 1, the duty is not permissible.

K 025 0,50 0,70 0,80 0,90 1,00 1, 1, 1,30 1,40 1,50

R

4,70
9
5,85 24,8
104 106
9,90 31,6 147
117 119 121
26,7 57,2 191 975
131 133 135 138
107 173 372 11300 7230
146 148 150 153 156
1.6 114 145 198 241 303 394 536 774 1260 2730 9870
153 154 156 168 159 161 162 164 166 168 171
17 703 886 1200 1450 1 800 2320 3090 4280 6 290 + +

169 171 173 174 176 177 179 181 183 + +
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Table 22 — OF medium and large power transformers: =4 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the dalily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C | 0°C | —~10°C| -20°C|-25°C
Daily loss of life:
Muttiply the value given in the table below by ya
the factor given here, then round off the result 10 32 1 0,32 N 0,03{ 0,01 | 0,0055
Heg-spot tomperature:
Add the hot-spot temperature rise given in the table to the ambient temperaturg. if the resulting h te%erature
exgeeds the limit stated in table 1, the duty is not permissible. <\
OGN
K, 025 05 070 08 090 00 \1«;§ 1\3{\/1 30 140 1,50
K
2 \)
1,00
78
1,50 4,70
o1 91
3,54 7,37 24,8
105 105 106
13,3 19,3 40,7 147
120 120 121 121
67,0 82,6 119 252 975
136 136 136 137 138
400 467 576 823 1(760 7230
162 163 153 154 154 155
1.6 1640 1 800 2040 2210 2430 2720 3100 3640 4500 B 400 +
168 168 169 169 169 170 170 171 171 172 173
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Table 23 — OF medium and large power transformers: t=8 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C | 0°C |-10°C| ~-20°C| -25°C
Daily loss of ife:
. . . /‘
e factor given here, then round off the result 10 32 1 0,32 1 0,082.] (0,01 { 0,0055
Hpt-spot temperature:
the hot-spot temperature rise given in the table to the ambient temperature, If the resultiog:h ﬁ;pemture
exceeds the limit stated in table 1, the duty is not permissible. {\
1,00 \1?0\ 1,20 1,30 140 1,50
N
1,00
78
2,11 4,70
91 H
7.37 10,7 24,8
106 106 106
36,3 42,1 60,7 147
121 1121 121 121
217 235 271 388 975
137 137 137 138 138
1490 1570 1700 1 950 2780 7230
165 155 155 165 185 155
+ + + + + +
173 173 173 173 173 173
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Table 24 — OF medium and large power transformers: t =24 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily ioad diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C | 0°C | ~10°C| —20°C} -25°C
Daily loss of life:

Muttiply the value given in the table below by /]

the factor given here, then round off the result 10 3,2 1 0,3 0,0055

2 /(q 0,03& D,01
Hol-spot temperature:
the hot-spot temperature rise given in the table to the ambient temperature, If the resu h ature
exdoods the limit stated in table 1, the duty is not permissible. (\
ALY

4

(o
vﬁ®

4
138
1.5 7 230
155
1.6 +
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Table 25 — OD medium and large power transformers: t=0,5h
Permissible duties and corresponding daily loss of life

(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C| 0°C | -10°C| -20°C|~25°C
Daily loss of life:
Mult iven i by /]
the factor given here, then round off the result 10 3,2 1 0,32 /0& 0,63{ 0,01 | 0,0055
Hgt-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperatura, If the regu ho ture
expeeds the limit stated in table 1, the duty is not permissible. <'\
K1 0,26 0,50 0,70 0,80 0,90 1,00 \1,3\ }2% 1,30 1,40 1,50
K, \
d7 | 0000 0001 0,008 \) G
23 29 36
o 0,008
1,00
78
,196 1,06 7,42
83 89 o5
0,275 1,25 7,97 66,7
95 101 107 114
0,244 0,589 1,94 9,73 723 726
103 108 114 120 127 135
0,970 2,02 5,03 17,1 92,3 794 9|550
117 122 128 135 142 149 157
4,77 9,43 20,8 53,7 186 1070 + +
132 138 143 150 157 164 172 181
1,6 2,90 5,97 15,1 271 52,8 112 263 711 2520 + +
131 137 144 149 154 160 166 173 180 + +
1.7 19,1 39,2 98,5 176 339 712 1630 + + + +
148 154 161 166 171 177 183 + + + +
1,8 143 291 727 1290 + + + + + + +
167 172 180 184 + + + + + + +
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Table 26 — OD medium and large power transformers: t=1h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C| 0°C | -10°C| —20°C|-256°C

Daily loss of life:

Multiply the value given in the table below by Y
ﬂ'ie factor given here, then round off the result 10 3,2 1 0,32 /% 0,01 | 0,0055

1 o,bag

Hlt—spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperatuye. If the resuling.h te}pe«ature
exceeds the limit stated in table 1, the duty is not permissible. {\
C NG
K, 025 05 070 08 090 m W1 30 1,40 1,50
D \)

0,008 O

D,7 0,000 0,001 )

1,00
78

1,14 7.42
o1 95

1,65 8,65 66,7
105 109 114

3,98 13,6 79,4 726

120 126 130 135

17,0 39,4 137 884 9 550

136 141 146 161 187
102 204 483 1700 + +
154 159 164 169 175 181
,6 48,0 823 165 257 426 754 1440 3000 + + +
153 157 162 165 169 173 178 183 + + +
1,7 438 745 1480 + + + + + + + +

173 177 182 + + + + + + + +
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Table 27 — OD medium and large power transformers: t =2 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 80°C | 20°C | 10°C | 0°C | -10°C| ~20°C| ~26°C

Daily loss of life:

Multiply the value given in the table below by Yy
factor given here, then round off the result 10 3,2 1 0,32 /%1 0,082,f |0,01 { 0,0055
résulti
N\

Hat-spot temperature:
the hot-spot temperature rise given in the table to the ambient temperatuye. If the hy to}perature
e the limit stated in table 1, the duty is not permissible. <'\

ZANBOAN
K, 025 0,50 0,70 0,80 0,90 m X{ 1,30 1,40 1,50
K
> \)

.7 0,000 0,001 0,008

1,00
78

1,33 7,42
93 95

2,93 10,4 66,7
109 112 114

12,9 26,6 97,7 726
127 130 132 135

89,6 145 297 1120 9 550
147 149 162 154 157

805 1210 1 990 4070 + +
167 170 172 175 178 181

1,6 1800 2450 3650 + + + + + + + +
179 181 184 + + + + + + + +
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Table 28 — OD medium and large power transformers: t=4 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C | 0°C |-10°C| -20°C|-25°C

Dalily loss of life:

Muttiply the value given in the table below by /]
the factor given here, then round off the result 10 3,2 1 032 /O\Q 0,03{ 0,01 | 0,0055
h

Ho}-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperature, If the r e%erature
exgeeds the limit stated in table 1, the duty is not permissible. <\

L NO” \
RN

0,25 0,50 0,70 0,80 0,90 ,00 - 1, 1, 1,30 40 1,50

K
1
K, \)
¢ 3
ols
olo 63
ilo
1)1 7,42
95
1]2 146 667
114 114
13 69,9 145 726
| 134 134 135
A~
4 622 853 1740 9[550
[~ 155 156 157 157
15 7490 9300 + + +

178 179 180 180 181
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Table 29 — OD medium and large power transformers: =8 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K, and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C{ 10°C| 0°C |—-10°C|-20°C|~25°C
Daily loss of life:
Mutltiply the value given in the table below by /]
the factor given here, then round off the result 10 3.2 1 0,32 0k1 o,ua\z 0,01 | 0,0055
Hot-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperature. If the rasulting hot: te}perature
exceeds the limit stated in table 1, the duty is not permissible. <‘\
AN
K, 025 0,50 0,70 0,80 0,90 1,00 \110\ W1 ,30 1,40 1,50
K
p \)
p7 | 0002 0003 0,008 6
36 36 36
1,00
78
2,85 7.42
95 o5
17.4 243 66,7
114 114 114
162 183 252 726
135 135 135 135
1930 2080 2340 3170 9 550
157 167 157 167 167
+ + + + + +
181 181 181 181 181 181
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Table 30 — OD medium and large power transformers: t = 24 h
Permissible duties and corresponding daily loss of life
(in "normal” days)

To determine whether a daily load diagram characterized by particular values of K; and K,
is permissible and to evaluate the daily loss of life entailed, proceed as follows:

Ambient temperature 40°C | 30°C | 20°C | 10°C | 0°C | -10°C| —-20°C|-25°C

Daily loss of life:

i iven i w by Y
factor given here, then round off the result 10 3,2 1 0,32 \ 0,&{ 0,01 | 0,0055
o resulting,h
N

H«lt-spot temperature:
Add the hot-spot temperature rise given in the table to the ambient temperature, If the r to}perature
expoeods the limit stated in table 1, the duty is not permissible. {\

N
R

% A
62

\m_ 1,00

78

Q 11 7,42
95

1,2 66,7

114

1,3 726

135

14 9550
167

1,5 +
181



https://iecnorm.com/api/?name=9ef1cec66895c057d1ca1bafa52ad84d

354 © IEC 129 -

Annex A

Equivalent rating for autb-transformers

For three-phase auto-transformers, the limits in short-circuit impedance and rated power
apply to the equivalent double-wound rated power S, = 100 MVA, and the corresponding
short-circuit impedance z, between 0 — 100 MVA decreasing linearly from 25 % to 15 %
and a maximum rated power S =200 MVA.

For auto-transformers other than three-phase transformers, the limits of equivalent rated
power and rated power are 33,3 MVA/wound limb and 66,6 MVA/wou/rLdl\imb, respectively.

Three-phase auto-transformers Auto-tra

§,=S, ——— <100 MVA
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Exrmples three-phase auto-transformers:

N

1,0

IEC 511/91

Example 1 S, = 120 MVA, U, =525 kV, U,
S, = 83,2 MVA (< 100), 2z, =14,42 % (< 16,68)

=161kV, z = 10 %:

Example 2 S, = 100 MVA, U, = 400 kV, U, =220 kV, z, = 9,5 %:

S, = 45,0 MVA (< 100), z, = 21,11 % (> 20,50)

Figure A.1 — Auto-transformers: Limitations in rated power S, and

short-circuit impedance z,
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