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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LOADING GUIDE FOR OIL-IMMERSED POWER TRANSFORMERS

FOREWORD

1) The formal decisions or agreements of the 1EC on technical matters, prepared ical Committees on
which all the National Committees having a special interest therein‘are represgnte 3

in so far as national conditions will
gsponding national rules should, as

Six Months’ Rule Reports on Voting

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

Full information on the voting for the approval of this guide can be found in 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

EC 76. It indicates
For furnace
ding profile.

This guide is applicable to oil-immersed transformers complying with
how, within limits, transformers may be loaded above rated cgnditions.
transformers, the manufacturer should be consulted in view of thé >

1.2 Object
This guide provides guidance for the specification g. ofpower transformers
from the point of view of operating temperat al ageing. It provides

IEC 76-2 contains th ing to temperature rise figures for oil-
immersed transform@ i oading. It should be noted that IEC 76-2
refers to the avera i while the present guide refers mainly to the
hot-spot tempera are provided only for guidance.

The guide dive odels for judging the consequence of different loadings,
with diffe s of the cooling medium, and with transient or cyclical variation
with tim provide for the calculation of operating temperatures in the
tra rly the temperature of the hottest part of the winding. This hot-spot

ageing.

The guide further presents recommendations for limitations of permissible loading 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
recommendations for the operation of different categories of transfo

1.3 Definitions

For the purpose of this guide thé

1.3.1 Distribution transformer

, i.e. a transformer with separate windings
cooling and without on-load tap-changing.

3s
z=(25-0,1_"r)%
w

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 ambient-temperature. This is
achieved by taking advantage of low ambient temperatures or low:load cutrents during the

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

b) Long-time emergency cyclic loading

persist for weeks or even month
not be the cause of breakdowp
strength.

type of lead is e 0 occur rarely and it must be rapidly reduced or the trans—
former\ disconnected a short time in order to avoid its failure. The permissible

would be_less 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.

Documents

Document Sharing Hub

Full document details: IEC 60354 1991


http://www.avadocuments.com/doc/iec-60354-1991
http://www.avadocuments.com/doc/iec-60354-1991

354 © IEC -13—

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.

The normal life expectancy is a conventional reference basis for gontinuous duty under
normal ambient temperature and rated operatlng conditions. Th d plicatln of a load in

a) the temperatures of winc
reach unacceptable levels;

d) as t
the oil wi

1.4.1.2 Short-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.

d) The expansion of the oil could cause overflow of the oil in

e) Breaking of excessively high currents in the tap-change
1.4.1.3 Long-term risks

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

could increase at elevated currents and
ay could take place.

d) The gask 9 ials | transfopier may. become more brittle at elevated
temperatures

The shortri { isappears after the load is reduced to normal level but, from
the point of vie i

This g g i the loading capability could be restricted both by the short-time
and . the_long-time . The tables and diagrams are calculated according to the
traditiong of determining the life expectancy of the mechanical properties of the
pape affected by time and temperature, while the limitations on the
maximu ot temperatures are based on considerations of the risk of immediate

failure.

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;

U

c) large power transformers, where the effects of stray leak
the consequences of failure are severe.

1.4.3 Current and temperature limitations

With loading values beyond the nameplate rating, i
in table 1 are not exceeded and that accoun
in1.5%t01.7.

Table 1 — Curreqt a mperature s applicable to
loading bey nameplate rating

@N
T ot \) Distribution Medium power Large power
[\ ° |ng<\ transformers transformers transformers
Normal cycln \>
Current (p-u.) 1.5 1.5 13
Hot-spot temperaty tall rts in pontact
with insulating inatetial (°C) 140 140 120
Top-oil tetperature (°C) 105 105 105
Long-time e ic loading
Current (p.u.) 1.8 1.5 1.3
Hot-spot temperatufe and metallic parts in contact
with insulating material (°C) 150 140 130
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-time emergency loading because it is usually impracticable to control the duration of

restrictions.

1.5.4 Indoor transformers

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 a short-circuit duration of 2 s. However, the duration of short-cir urrents in service
is shorter than 2 s in most cases.

1.6.5 Voltage limitations

Uniess other limitations for variable flux voltage—varia
clauses 3, 4 and 5) the applied voltage shoyld < tlmes either the rated
voltage (principal tapping) or the tapping on any winding of the
transformer.

1.7.1 General

. is therefore advisable in this case to specify, at
the time o nt of loading capability needed in specific appli-

cations (see\a

applies t6~a 5. However, it is recommended that a computer calculation based
on the 2 acteristics of the transformer under consideration be used rather

of the conseégquences of a failure, together with the following considerations, make it
advisable to adopt a more conservative, more individual approach here than for smaller
units.

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

The load current, hot-spot temperature, top-oil temperature and tfemperature of metallic
parts other than windings and leads but nevertheless in cogtact wi olid insulating
material should not exceed the limits stated in table 1. Moregve

when the hot spot reaches temperatures above 140 ° g
develop which could jeopardize the dielectric strengt ormex (see 1.4.1.2,
Short-term risks).

1.7.3 Accessory, equipment and other consig

Refer to 1.6.3.

1.7.4  Short-circuit withstand req

Refer to 1.6.4.

1.7.5 Voltage limita
Refer to1.6f. &
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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 in kelvins;

B is the amplitude of daily variation of ambient temperature in kelvins;
DXis the hottest day of a year;
H is the hot-spot factor;

I is the load current in amperes;

is the load factor (load current/rated current);
is the relative ageing over a certain period of ti
is the ratio of load losses at rated current to no

w 3~ X

is the power in MVA;

TX is the hottest hour of a day;
V is the relative ageing rate;
W is the number of wound limbs;
g

)

year);
is the duratic

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

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

-y

y indicates yearly quantity.

2.1.5 Specific suffixes relating to oil temperat first suffixes)

hanger, at bottom;

The most ¢ ) limitation in the loading of a transformer is the temperature reached in
the hottest area of the winding and every effort should be made to determine 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);

c) the hot-spot temperature rise is higher than the temperature rise of the conductor at

power transformers.

Top of winding

Bottom oil

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
winding is dictated by the thermal head while for OD transformers therate of flow of the oil
is mainly governed by the pump and thus is not dependent on the a erature.

2.3.4 As the time constant of windi is
a limited effect on th perature, eveif under short loads of high values. Since

the shortest peak load duration censidered inthe loading tables is 30 min (section 3), the
i e calculation.

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 13 13
Oil time constant A (h) 3,0 5 1.5 1,5
Ambient temperature 0, °C) 20 % 20
Hot-spot rise a6 (K 78 78 7 78
Average winding rise Ay, (K) 6 x 68
Hot-spot to top-oil gradient Hg, (K Nho 26 22 29
Average oil rise A8 K) 46 46
Top-of-winding ol rise ") Ao, 2 56 49
Bottorn-oil rise Ae%‘(\ {] 33 34 36 43
1 N\
) For ON cooling, A8, is taken to be equal%\:%) or \ \

2.4 Steady-state te

2.4.1 ON coolin§

For ON co@ ,
the ambient : oil temperature rise and the temperature difference
between the :

2
]X+ng KY (1)

2.4.2 OF cowling

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);

0, is the hot-spot temperature at rated conditions.

The manufacturer may be consulted to obtain a more accurate f

2.4.4 Equation corrections

equations in
mperature in:

winding;

c) oil viscosity.

ohmic-resistance variati s cte r the purpose of this guide these effects
are assumed to ca

is applied over a small time interval and the hot-spot temperature calculation requires a
computer program (see 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
point where the system is no longer acceptable, by some selected-griterio According to
the Arrhenius law of chemical reaction rate, the span of tim up tq this end point is
expressed as:

(5)

life duration = e(®*+8/T)
where

o and B are constants;
T is the absolute temperature.

S

Within a limited range of temperafu approximated by the simpler

(6)

0 is the temperatur

NOTE - T 6 S o.0f thermal degradation which, as remarked above, is a simpli-
fied version ofthé\AfrheniusNaw of genpral chemical/thermal degradation used in some other loading
guides (partic  America).\Over the temperature range considered in the present guide, the

There/is, F le and unique end-of-life criterion that can be used for quanti-

> ' the remaining life of transformer insulation, but it is possible to
make meaningful\comparisons based on rate of ageing instead. This is the inverse of the
lifetime — in Mantsjhger's form: :

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.

2.6.2 Relative thermal-ageing rate

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

is very sensitive to the hot-spot tem-

Q &\ Relative ageing rate

\_g;) 0,125
86 0,25

92 0,5

98 1,0
104 2,0
110 4,0
116 8,0
122 16,0
128 32,0
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
2.7.1 General

For outdoor air-cooled transforme \ al ai perature is taken as ambient.
For indoor distribution transformers, the a b ent-temperature correction is given in 2.7.6.

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

an value of monthly maxima for the maximum hot-spot tempe-

7.2 and 2.7.3);
b) the actuaktemperature profile can be used directly (2.7.4);

c) the ambient temperature variation can be approximated by a double sinusoidal
function (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 (40)"%° (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).

The correction factor to be applied to the average temperaturedca be.derived from
figure 2, which is an illustration of the above formula.
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IEC 497/91
2 Gorr n between weighted and average ambient temperature as

The weighted ambient temperature can be used for the calculation 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

eay is the yearly average ambient temperature in degrees Celsi

A is the amplitude'of yearly variation of daily mean ambier R _kelvins;

B is the amplitude of daily variation for ageing-rate

B, is the amplitude of daily variation for calculation~of mz . spot temperature
in kelvins;

DX is the hottest day of a year;
TX is the hottest hour of a dg ;

day is the day number, for example\{s
hour is the hour of the day, for

year.

2.7.6 Corr

For transformers linstalled in a metal or concrete enclosure, A6, in equation 1 should
therefore be replaced 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.

Documents

Document Sharing Hub

Full document details: IEC 60354 1991


http://www.avadocuments.com/doc/iec-60354-1991
http://www.avadocuments.com/doc/iec-60354-1991

354 © IEC - 47 -

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
250 750 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 <&\ 8 9 10
10 12

ventilation 2
3/\\ 13 15 17
AN
VD

Buildings with good natural ventilation and 4 3 6
underground vaults and basements with 5 6 7
forced ventilation 3 6 9 10 13

Kiosks (see note 2)

wawzo_

NOTES

1 The above/te PEera
presentative @. ased on the results of a series of natural and forced-cooling tests in
underground vaults g

m measurements in substations and kiosks.

2.8 Computerf 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 %.

chosen differently depending on the transformer and
designer has to consider that, for a hot-spot temperature
increase of 2 % on the load factor will increase t i
more than 2 K and the relative ageing by approxima

The first ex 3ble 4) illustrates a simple calculation over one day, with a constant
ambient tempera i
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