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Estimate the Temperature Rise
of Medium Voltage Metal Enclosed Switchgear
by Simplified Heat Transfer Calculations

Elin Fjeld, Member, IEEE, Wilhelm G. J. Rondeel, Elham Attar, and Shailendra Singh

Abstract-- Electrical equipment will experience a rise in
temperature during normal operation. During a development
process, prototypes and laboratory tests will be required to make
sure the temperature rises are within acceptable limits as defined
by standards. The aim of having a tool to predict the temperature
rise, is to reduce the number of prototypes and test loops needed
in the laboratory during a development period. Advanced
simulation tools such as CFD can give valuable results, however,
they require expertise user and extensive compute and manpower
allocation. This paper presents a practical design approach
developed for providing a first, quick and rough estimate of the
temperature rise of the most critical parts in an air insulated
switchgear. The main idea behind the method is to first use the
method described in IEC 60890 to estimate the temperature rise of
the gas inside the switchgear. Then, simplified heat transfer
calculations are used to estimate the over-temperature of critical
parts relative to the surrounding gas. The accuracy of the
temperature estimates will depend on how well the power input is
known, especially the contact resistances. Further, it may be
challenging to predict the influence of large metallic construction
elements that may function as heat sinks.

Index Terms—Heat transfer, medium voltage, ring main unit,
RMU, switchgear, gas insulated switchgear, GIS, temperature
rise.

[. INTRODUCTION

LECTRICAL equipment undergoes a rise in temperature

during normal operation due to ohmic losses (neglecting

iron losses). Experience has shown that when electric
installations and devices, especially when housed in enclosures,
shut down or malfunction, the problem often proves to be of
thermal origin. The development towards more compact
equipment, together with an increased focus on personnel safety
(covering of live parts), leads to reduced cooling and possible
subsequent overheating of the equipment.

When introducing new switchgear design, experimental
temperature rise type tests have to be performed to ensure that
the temperature is below the maximum limits set by the
International Electrotechnical Commission (IEC 62271-1 [1]).
Building prototypes and performing temperature rise tests are
costly and time consuming, and development costs could be
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reduced if simulations could be used to predict the temperature
rise and replace some of the tests.

Multiphysics tools like CFD can be used to simulate the
temperature rise anywhere in the switchgear. In the literature,
the reported accuracy of this method can be as good as +2-5 K,
see e.g. [2], [3]. Such tools require the detailed models of the
device, and an expertise user to set up the model, mesh etc. This
represents considerable resource investment in order to get a
result. Another alternative, Thermal Network Method (TNM),
which is based on lumped approximation of heat transfer by
equivalent thermal resistors, capacitors and heat sources has
lower requirements on the compute resources and
corresponding calculation times, but the reported accuracy of
this method is comparable to the CFD, see e.g. [4]-[6] in the
hand of an expert user. The high accuracies reported for CFD
and TNM are typically found when the simulations are
performed with some experimental results available on similar
designs as initial calibration point or as knowledge of the user.
This involves adjusting the parameters to get a good fit with the
experiments. Typically, this leads to an acceptable fit for the
average temperatures, as there are multiple ways in which
parameters can be adjusted together to achieve a consistent fit.
That means the high accuracy can be expected when relatively
small design changes are made to the switchgear, see e.g. [7] as
the chosen parameters lead to a solution which is very close to
the first solution. If the design changes are more significant, the
accuracy of the model will depend on the accuracy of the
estimated input parameters (e.g. contact resistances) and the
experience of the person performing the simulation to adjust the
heat dissipation. If temperature predictions are done on a
completely new design, much lower accuracies are experienced
[8].

During a development process where significant design
changes are being made, setting up a CFD or TNM model might
require a too high time investment compared to the reliability
of the simulation results before any experimental data is
available. Early in the development process, it would thus be
useful to have a simplified tool to easily get a first, very quick
and rough estimate of the temperature rise of the most critical
parts. The scope of the work presented in this paper, was to
develop such a practical design approach.

The load break switch (LBS) is a common component in the
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distribution grid and one of the functional units in ring main
units (RMU). The LBS typically experience the highest
temperature rise as it is placed serially with the main current
path and constitute a high percentage of the total resistance
(many contacts and connections). The LBS can be designed in
many ways, but requires minimum an open/close contact in
order to function. The open/close contact will have a relatively
high contact resistance, and will typically represents a thermal
hot spot. The open/close contact of the LBS is thus considered
a critical part, and the method focuses on estimating the
temperature rise of the open/close contact of the LBS, AT}zs, in
a MV air insulated switchgear (RMU). Parts of these results
have previously been presented at conferences [9]-[12].

II. BASIC THEORY

The steady state temperature rise is reached when the heat
generating effects are balanced by the cooling effects. The
heating is caused by power losses while the cooling is governed
by the heat transfer mechanisms.

A. Power input
If external heat sources (as sun radiation) are not considered,

the main heat source is the ohmic losses of the current path. This
power loss, P, is given by:

P =RI? (1)

where R is the resistance of the current path and /, is the rated
current. The resistance along the current path consist of the bulk
resistance of the conductors (Rux) and the contact resistance
(Rcont) of the connections between different conductors:

R = Rpuir + Reont (2)

In addition, losses may occur in magnetic steel near the
current path (enclosure, screws, nuts, bushings etc) due to
Eddy-currents and hysteresis losses. These effects may
eventually be reduced or eliminated by proper design or by
using nonmagnetic materials, but with some possible cost
consequences.

The resistance of the conductor increases with temperature,
and the resistance during load conditions, can be calculated
according to

Rt (3)

bulk = PA—(l + aAT)
cc

where p is the specific resistance at reference conditions, A is
the cross-sectional area of the conductor material, « is the
temperature coefficient of the resistance, and AT is the
temperature difference of the conductor between reference and
load conditions. In an AC system, the effective cross-sectional
area might be significantly reduced due to skin and proximity
effects, see e.g. [13].

The contact resistance is due to the constriction of the current
when passing from one contact member to the next, because the
conductors only have metallic contact in small spots, called a-
spots [14]. The contact resistance will depend on the rated
current and the contact design. The combined contact
resistances may contribute substantially (15 — 50 %) to the total

resistance within a switchgear.

B. Power dissipation

The generated heat will be transferred to the surroundings by
thermal conduction, convection and radiation. Fig. 1 illustrates
the heat transfer processes for metal enclosed switchgear
without ventilation openings. First, heat is transferred from the
hot spots (e.g. contacts) to cooler parts (conductors, enclosed
gas, enclosure walls) by conduction, radiation and convection.
These three heat transfer mechanisms have different
temperature dependencies, but for simplicity, sometimes a
common or total heat transfer coefficient, /., may be
considered, including all three heat transfer mechanisms [10].
If we consider only the LBS, the power loss, Pyss, is given by

Pigs = hiot ArpsAAT ps (4)

where A;ps is the surface area of the LBS and AAT;gs is the
over-temperature of the LBS relative to the gas inside the
enclosure, defined by

AAT;ps = ATy ps — ATy (5)

where AT, ps is the temperature rise of the LBS (relative to
ambient air) and AT,;, is the temperature rise of the air inside
the switchgear enclosure (relative to ambient air). A lot of
simplifications are made by considering a total heat transfer
coefficient, as described in [10].

room walls
ambient air

1
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Fig. 1. Heat transfer mechanisms inside and outside a metal enclosed
switchgear (without ventilation openings).

Eventually, the heat is transferred through the enclosure
walls by conduction, and finally to the ambient by radiation
and convection, as illustrated in Fig. 1.

III. METHOD PRINCIPLE

For switching devices installed in a “classical” open
environment (not metal enclosed), the generated heat will be
transferred directly to the surroundings (ambient). The
temperature rise of these switching devices could be estimated
by applying empirically determined heat transfer coefficients.
For switching devices installed in metal enclosed switchgear
including GIS, the heat transfer process is more complicated, as
illustrated in Fig. 1.



Fig. 2 shows the temperature rise of the gas surrounding the
contacts (inside the enclosure) compared to the temperature rise
of the open/close contact found from experiments. It can be
seen that up to about 50 % of the total temperature rise of the
contacts, is the temperature rise of the gas surrounding the
contacts. Although it is the current path which heats the gas
inside the switchgear, the basic idea of the proposed method is
to use the same approach (heat transfer coefficients) for the
metal enclosed case as for the open installations, but
considering that the switch is now located in a “new”
environment with a temperature higher compared to the
ambient.

ATLBS i

temp. rise, AT

open/close
contact

gas surrounding
the contacts.

Fig. 2. Temperature rise of the open/close contact (AT ss) and the gas inside
the gas surrounding the contacts (air inside the switchgear enclosure)

(ATair). AAT s represents the over-temperature of the LBS contacts relative to
the gas surrounding the contacts.

The calculation is performed in three steps:

Step 1: Estimate the temperature rise of the air inside the
switchgear enclosure (relative to ambient air), AT,;,.

Step 2: Estimate the over-temperature of the LBS contact
(relative to the air in the enclosure), AAT; gg.

Step 3: Estimate the temperature rise of the open/close contact
(relative to ambient air), AT, g, according to (5), which
can be rewritten as:

AT ps = ATy + AAT s (6)

The LBS does not have one uniform temperature. As the
open/close contact is considered to be one of the critical parts
of the LBS, the temperature rise of the open/close contact is
chosen to represent the temperature rise of the LBS (AT, ).
When this single temperature is allocated to the complete
surface of the LBS, the uncertainty of the temperature is
regarded to be + 10 %.

A non-commercial prototype was custom made for the
purpose of testing of the model, see Fig. 3. The dimensions of
the switchgear correspond to an SFe-filled 12/24 kV switchgear.
The unit consisted of three modules. The two switch modules
equipped with LBSs. The center module was equipped with a
vacuum circuit breaker (VCB) in open position, and the current
was thus passing from one switch module via the busbars
through the second switch module. This is the normal path for
the main current through the switchgear during normal
conditions in a common cable ring distribution system. The
switchgear operated with air at atmospheric pressure. The
partially sealed enclosure was without any ventilation during
the measurements. Thermal testing was carried out at the 630 A
rated three-phase current, at a frequency of 50 Hz.

The background for making the estimates for each step of the

model is outlined in the following sections.
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Fig. 3. (a) The test object was a MV switchgear with 3 modules; two switch
modules equipped with LBSs and a center module equipped with a vacuum
circuit breaker (VCB) in open position. (b) Single-phase diagram of the current
path through the switchgear. The current was passing from one switch module
via the busbars through the second switch module, which is the path for the
main current through the switchgear during normal conditions in a common
cable ring distribution system.

IV. TEMPERATURE RISE OF GAS INSIDE ENCLOSURE (STEP 1)

The temperature of the gas inside the enclosure can be estimated
by applying the empirical based method provided by the IEC
TR 60890 [15]. This method calculates the temperature rise of
the air inside the enclosure based on the power input and the
effective cooling area. The method has been developed for LV
switchgear and controlgear without forced ventilation. The
calculation results are accepted as verification of thermal
compliance with relevant requirements in cases where
measurements on the actual switchboard are unavailable. There
are many similarities between LV and MV equipment, and in
[12] it is shown that the method described in IEC TR 60890
could be applied as a suitable tool for making a first estimate of
the temperature rise of the air inside MV equipment too.

According to the method described in IEC TR 60890, the
temperature rise of the air at mid height of the enclosure
(AT g miq) 1s found by

ATyirmia = k-d-p* (7)

where P is the power input and k is an enclosure constant
depending on the effective cooling surface of the enclosure. d
is a temperature rise factor for internal horizontal partitions
inside the enclosure. In case of none horizontal partitions, d =
1. The exponent x is 0.804 for enclosures without ventilation
openings.

Further, the IEC TR 60890 suggest to estimate the air
temperature rise near top of the enclosure (ATg;r. ¢ ) according
to

ATair,top = ¢ ATgir,mia (8)

where ¢ is a temperature distribution factor. Finally, the air
temperature rise at height of the LBS (AT,;,-) can be found by
assuming a linear rise.

In order to estimate the air temperature rise according to IEC
TR 60890, the dissipated power inside the enclosure, the
effective cooling surface of the enclosure, and the air
temperature distribution needs to be estimated. The following



sub-sections, describe how this can be done. (If the insulating
gas is not air, the same approach could be applied, but new
empirical data would be needed to adapt the coefficients
included in IEC TR 60890.)

A. Power input

During a developing project, the total power input at steady
state conditions is normally not known, and needs to be
estimated. For estimating the power input, the contact
resistance and bulk resistance along the current path needs to be
determined. For predicting the bulk resistance, it is useful to
notice that the value of the bulk resistance found by applying
(3) is relatively insensitive to the exact value of the temperature
increase because of the low values of the temperature
coefficient, a. For example, by assuming a temperature rise of
60 K and varying this value by + 20 %, only changes the bulk
resistance of a Cu-bar by about + 4 %. L.e. the value of the bulk
resistance can be determined with quite good accuracy by
applying (3) with material properties, conductor dimensions
and an estimated value of the temperature rise close to the IEC
limits. In addition, possible additional AC losses may have to
be taken into consideration, however for secondary distribution
switchgear (RMU) with currents below 1 kA, the AC losses are
found to be insignificant because the conductor dimensions are
about the same as the skin depth [11]. Contributions from skin
and proximity effects can therefore be neglected when making
a first estimate of the temperature rise of the switchgear in a
secondary distribution station.

The contact resistance depends on the numbers and areas of
the a-spots, which depends on the material, the surface
roughness and the contact pressure. A theoretical calculation of
the contact resistance is not possible, and the values have to be
estimated based on experience. For the stationary connections
(bolted, welded, soldered, pressed) a high force may be applied.
For movable contacts (rotating, sliding, open/close), there will
always be a tradeoff between friction and contact force, and
these contacts typically have somewhat higher contact
resistances compared to the stationary contacts. The contact
resistance depends on the contact design and temperature. An
accurate measurement of a single contact resistance is difficult
[8], and Table 1 gives typical ranges of contact resistances
found in this study.

TABLE 1
Ranges of contact resistances for MV RMU found in our study.
Type of contact : Reont
kO]
Bolted 1-5
Sliding/rotating 3-10
Open/close 5-10

B. Effective cooling surface

The effective surface area (4,) is estimated by multiplying
each of the enclosure surface areas (Ag,, ) by a factor b:

A, = ZAsurf b ()

The b-factor accounts for different heat transfer for different
surfaces (top, side, bottom) and whether the surfaces are
exposed or covered, see Table 2.

TABLE 2
Examples of relevant surface factor b according to IEC TR 6080.
Surface : b
Exposed top surface 14
Exposed side faces 0.9
Covered side faces 0.5
Floor surface 0

When the effective surface area is known, the enclosure
constant (k) in (7) can be found from a diagram in IEC TR
60890. The diagram to be used in case of no ventilation
openings and an effective surface area larger than 1.25 m?, is
shown in Fig. 4. For easy calculation without the need to look
up in the diagram, the k-factor follows approximately a linear
line given by

k=0.6—-0.125-4, (10)
for effective cooling surfaces in the range 1.5 — 3.0 m?. This
range should cover RMU units with 2-5 modules (combination
of switches and circuit breakers). The approximation is shown
with the dotted line in Fig. 4.

Enclosure constant, k

Effective cooling surface, 4, (m*)—

Fig. 4. Enclosure constant (K) as a function of effective cooling surface (4,)
[15]. The dotted, linear line can be used as an approximation for effective
cooling surfaces in the range 1.5 — 3.0 m%

Previously published measurements have shown that with a
known power input, the IEC-method can estimate the
temperature rise of the air inside a 3-module MV switchgear
15% precision [11].

If some of the surfaces are painted (inside and/or outside),
the heat transfer will increase. This might be included by
multiplying the b-factor for the relevant surfaces by a factor,
b.orr» in the range 1-1.2 depending on which of the surfaces are
painted, the area of the painted surface and the increase in
emissivity. Fig. 5 shows the exposed top and back surface of a
3-module switchgear painted black, and Table 3 gives examples
of changes in the air temperature rise and correction factor.

=l ‘A
Fig. 5. Switchgear enclosure surfaces painted with matt finish black paint.
Back surface (left) and top surface (right).



TABLE 3
Examples of changes in temperature rise and surface correction factor for a 3-
module switchgear enclosure when different surfaces are painted (increasing
the emissivity from about 0.4 to nearly 1).

AT air,mi
Painted surfaces : [Kj d on]rr
None 37 1
Top and back (outside and inside) 34 1.23

C. Air temperature distribution

When the air temperature rise at mid height is estimated
according to (7), the air temperature rise near top of the
enclosure (AT op) can (according to IEC TR 60890) be
estimated according to (8) where c is a temperature distribution
factor depending on the height/base factor (f)

H1.35

_ (11)
Abase

f

where H is the enclosure height in [m] and Apu. is the surface
area of the enclosure base in [m?]. The relationship between ¢
and f is given in a diagram in IEC TR 60890. For easy
calculation without the need to look up in diagram, it follows
approximately the linear line given by
c=12+4+0.042-f (12)
for a separate enclosure, detached on all sides, with an effective
cooling area larger than 1.25 m? and with f'in the range 0.5-5.

It is important to note that the IEC method assumes a uniform
distribution of the power input, which is normally close to
reality for LV equipment with a number of smaller heat
generating devices distributed within a switchboard. However,
this is not the case for MV equipment where the heat
distribution will be non-uniform due to the larger insulating
distances required. The resistance across the two LBSs of a
RMU in a 3 functional unit design with a circuit breaker, may
accounts for about half of the total resistance per phase, and the
LBSs are thus the main heat source in the switchgear. These are
often located in the upper part of the switchgear to facilitate
convenient operation of the switchgear. It is well known that
the cooling effect of the enclosure surface depends on the
relative location of the heat source [ 16]. If the main heat source
is located in the upper or lower part of the switchgear enclosure,
the c-factor might have to be adjusted.

In [12], CFD-simulations was performed with different heat
source locations. It was found that if the heat source was located
at mid height in the enclosure, the temperature distribution
along the height followed a slope close to the c-factor found by
(12). When the heat source was located in the lower part, the
heat distribution was almost uniform from mid height to the top,
corresponding to a c-factor close to 1. With the heat source in
the upper part, the best fit with (8) was found with a value of ¢
close to 2.

The effect of heat source location was also investigated
experimentally in [12]. For the tested 3-module switchgear, the
open/close contact of the LBS was located at approximately
75% height from bottom. The effect of changing the heat source
location was investigated by turning the switchgear enclosure
upside down, as shown in Fig. 6. The results showed a decrease

of the air temperature at height of the open/close contact of 6 K
[12]. This decrease is lower than expected based on the CFD-
simulations with the heat source located at this height, which
implies that the power input from the other parts of the current
path, contributes significantly, and the difference in heat source
location between the enclosure standing upright and upside
down is not that significant.

Fig. 6. Front view of the test object standing upright (left) and upside down

(right).

V. OVER-TEMPERATURE OF LBS CONTACTS (STEP 2)
The over-temperature of the LBS contacts can be determined
by applying empirically determined heat transfer coefficients,
according to (4), which can be rewritten as

Ppps (13)

AAT, s =
Les htotALps

which correspond to the single step for equipment mounted in
a “classical” open environment. The power input of the LBS,
P, s, can be estimated based on the same approach as for the
whole switchgear, as described in section “A. Power input.”,
but only considering the conductors and contacts/connections
associated with the LBS. The heat emitting surface area of the
LBS, A, s, must be determined from the conductor dimensions
and the geometry of the switch.

The value of the heat transfer coefficient, h.,., will depend
on the physical dimensions of the heat source, and its
orientation (vertical/horizontal). Smaller diameters typically
give higher coefficients. Previously published results indicate a
total heat transfer coefficient of about 17 W/m?K for bare
conductors with emissivity about 0.2 —0.3 [10]. As long as we
are within the relevant temperature range (i.e. close to the IEC
limits), the total heat transfer coefficient doesn’t seem to be
very dependent on the actual temperature. However, the total
heat transfer coefficient depends strongly on the emissivity of
the conductors, which implies that radiation is important and
needs to be taken into account. For conductors with emissivity
close to 1, a total heat transfer coefficient of about 23 W/m?K
might have to be used [10].

For the LBS, the current path itself might be completely or
partly covered by different construction elements (insulating or
metallic) which are necessary for the switch to function
properly, e.g. pressure cylinder, crankcase, lever, field
controllers etc. These elements may influence the heat transfer
from the current path to the surroundings. On the one side, the
construction elements may restrict the heat transfer by



convection and radiation from the current path, depending on
the design. On the other hand, the construction elements may
provide an increased surface area for heat transport to the
surroundings, possible also with a higher emissivity. Whether
the net heat transfer from the current path will increase or
decrease, depends finally on the thermal connection the
construction element has to the current path.

A possible way to account for the effect of the construction
elements, is to adjust the heat transfer coefficients found when
only considering bare conductors:

htot,complete = fcorr ’ htot,bare (14)
where fio is a correction factor. With calculation according to
(14), it is still the surface area of the bare switch that should be
used in (13). The value of the correction factor have to be
estimated based on experimental studies. Below are some
examples found in this study.

A. Insulating material

Adding encapsulation to a conductor may increase or
decrease the heat transfer from the conductor, depending on the
thermal conductivity of the encapsulation, the thickness / radius
of the encapsulation, and the heat transfer coefficient of the
external insulating surface. Fig. 7 shows a cylindrical conductor
encapsulated by an insulating layer.

Conductor

@ Encapsulation

Fig. 7. Illustration of an infinitely long cylindrical encapsulated by insulating
material [17].

It can be shown (see e.g. [18]) that for an infinitely long
cylindrical conductor (i.e. no conduction in axial direction)
covered by an insulating layer (as shown in Fig. 7), a critical
radius where the heat transfer is maximum is given by:

A
Terit = E (15)
where A is the thermal conductivity of the encapsulation and %
is the heat transfer coefficient of the external surface (including
both convection and radiation). An encapsulation with radius
smaller than the critical radius, the encapsulation actually
increases the heat transfer from the conductor surface because
the heat is transferred to a larger surface for heat exchange
(often also with a higher emissivity). When the radius exceeds
the critical radius, the effect of the encapsulation is a decrease
in the heat transfer from the conductor surface because the heat
transport from the conductor to the encapsulation surface is
restricted.
Two different LBS designs were tested, with different degree
of encapsulation as shown in Fig. 8. The first type was a puffer

switch with nearly total coverage of current path by pressure
cylinder and crankcase, both made of plastic material. The gas
volume between current path and plastic elements was
substantial. See Fig. 8 (a). The second type was a knife blade
switch with a modest part of the conductor surface covered by
a mechanical grip made of plastic material with some glass
filling. The gas volume between the current path and plastic
material was limited. See Fig. 8 (b).

2 open/close

pressure T
contact

cylinder i

crankcase

rotating contact

(a) (b)
Fig. 8. Two different LBS designs where the current path is more or less
covered with construction elements made of plastic material. (a) Puffer switch.
(b) Knife blade switch.

Fig. 9 shows the measured temperature rise for the LBSs with
and without the encapsulation. The temperature rise is changed
by only a few degrees. The heat transfer coefficient was
changed with less than 10 % from the bare switch (without
encapsulation) and the switch with encapsulation for both LBS
designs [17]. This means that the correction factor (for) in (14)
in these cases is between 0.9 — 1.1. In a rough estimate, it might
not have to be considered as it is in the same order of magnitude
as the uncertainty of the temperature value when a single value
is used to represent the complete surface of the LBS.
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Puffer switch  Knife blade switch
Fig. 9. Temperature rise of the open/close contact of the puffer switch and the
knife blade switch for the case of bare conductors and with encapsulation partly
covering the conductors; Pressure cylinder in case of puffer switch and
insulating grip for the knife blade switch.

The modest influence of the encapsulation of the LBSs
indicate that the encapsulation for each switch, should be
around the critical radius for that switch. In order to compare
the real LBS design with the simplified model in Fig. 7, only a
part of the LBS is considered. The chosen areas are indicated
by the boxes with dashed lines in Fig. 8 and shown in more
detail in Fig. 10.
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Fig. 10. (a) The main bolt of the puffer switch is covered by a pressure cylinder.
(b) The two parallel knifes of the knife blade switch are covered by an insulating
lever [17].

For the knife blade switches, there is only a 1-2 mm air gap
between the knifes and the plastic lever enclosing them. Air in
such small gaps will have a lower heat transfer due to limited
convection. An estimated value of the critical radius for this
configuration (including the air gap and the plastic lever) is
about 20 mm, which is close to the dimensions of the knife
blade switch.

For the puffer switch on the other hand, there is a
considerable amount of air between the main bolt and the
pressure cylinder. This increased volume will increase the air
flow, and the convective heat transfer is increased. This results
in a larger critical radius, estimated to be in the order of 70 mm
(including air gap and pressure cylinder), i.e. close to the
dimensions of the puffer switch.

Based on these simplified theoretical considerations, it seems
reasonable that for the LBS designs considered, the insulating
encapsulation will have little influence on the heat transfer from
the current path. Correction factors (fco-) in the range 0.9-1.1
might therefore be assumed in (14) for these switches.

B. Metallic heat sink

An efficient heat sink will normally be made of conductive
material, and can in this case not be located too close to — or
bridge - the open/close gap of a switch. This may limit the
cooling effect for the most critical parts. The cooling effect will
depend on the location relative to the open/close contact,
surface area (and cross-section), emissivity of outer surface,
and the thermal connection to the current path. Two different
categories of heat sinks were tested, depending on the surface
area of the heat sink:

1. About the same size as the surface area of the
conductive part of the LBS.

2. About twice the size of the surface area of the
conductive part of the LBS.

Different construction elements can function as heat sinks.
For the first category, the effect of different field controllers
were tested. Without doing any modifications, these elements
showed no effect on the heat transfer coefficient. This is mainly
because these elements typically have a poor thermal
connection to the current path and may not be placed in the
direct vicinity of the open/close contact. By improving the
thermal connection and the surface emissivity, a correction
factor (fzorr) up to almost 1.2 was found. An example of field
controllers tested is given in Fig. 11.

(a) (®)
Fig. 11. Example of field controllers functioning as heat sinks with surface area
about the same size as the current path. (a) Original, unpainted rings with a thin
steel supporting connection. (b) Modified rings painted black and with a thicker
Al-connection piece.

For the second category, the plastic crankcase of the puffer
switch was replaced by an Al crankcase, see Fig. 12. By simply
replacing the crankcase, the effect was limited, with fz, about
1.1. However, by improving the thermal connection to the
current path and improving the surface emissivity, a value up to
1.3 could be found. The limited effect despite the large surface
area is probably because the heat sink was located quite far from
the open/close contact.

Fig. 12. Metallic crackcase functioning as heat sink with surface area about
twice the size of the current path of the LBS.

Both examples illustrate the importance of ensuring an
adequate thermal connection to the current path. They also
show that radiation is important and a high surface emissivity
of the heat sink will improve the heat transfer.

VI. ESTIMATE TEMPERATURE RISE OF LBS CONTACTS (STEP 3)

The estimation of the temperature rise of the LBS contacts is
performed by following the two steps outlined in the previous
sections of this paper. The final temperature rise of the LBS
contacts can then be found by adding the results from the two
steps, according to (6).

The uncertainty of the estimate will depend on how well the
input parameters for each step are estimated.

For step 1, the highest uncertainty is the estimate of the
power input to the enclosure. The definite majority of this
uncertainty comes from determining the contact resistances. If
the power input is known, the IEC-model is able to predict the
temperature rise of the air inside the enclosure within 15 %.
Even more accurate values may be achieved if compensations
are made regarding surface emissivity and non-uniform power
distribution.

Uncertainty in the estimation of the power input will also
affect the estimates in step no 2, but in this step, only the power
input of the LBS is needed (not the complete current path). As
the LBS typically contains many connections and at least one



movable contact, the uncertainty of the contact resistances will
have great impact on the result.

Another main source of uncertainty in step no 2, is the
determination of the total heat transfer coefficient to be applied.
Experiments have shown that the value for a bare switch, i.e.
only including the bare conductors of the current path, and not
any other construction elements, is quite consistent. The largest
uncertainty then comes from the adjustments that have to be
made to account for the different construction elements,
especially large metal constructions that may function as heat
sinks.

Fig. 13 shows a graphical illustration of the approximate
contributions from the different uncertainties to the final result
of the model. An estimation can never be more precise than the
uncertainty of the input parameters, which means that if there
are high uncertainties related to the contact resistances or heat
dissipation, simulations based on CFD or TNM will also be
uncertain.

Uncertainty in power input

(especially contact resistances) Toral

uncertainty of
temperature

| Uncertainty of IEC-maodell >

" , rise estimate
Uncertainty of heat transfer coefficients

(especially influence of metallic heat sinks)

Fig. 13. Estimates of the contribution of different uncertainties to the total
uncertainty of the temperature rise estimate by the proposed simplified method.

VII. CONCLUSION

This paper presents a practical design approach that can be
used in an early stage in the development process, to get a first
rough estimate of the temperature rise of the most critical parts
of an air filled MV switchgear.

The method described in IEC TR 60890 is used to make a
first estimate of the temperature rise of the air inside the
enclosure. Then, the over-temperature of critical parts are
estimated based on the application of empirically determined
heat transfer coefficients. The value of the total heat transfer
coefficient will depend on the surface treatment (e.g.
emissivity) and the actual design. Especially the influence of
large metallic structures, acting as heat sinks, might be
challenging to estimate.

It should be noted that when estimating the power input, the
total heat transfer coefficients and correction factors, the model
assumes that we are within the relevant temperature range (i.e.
close to 65/75 K temperature rise). If a device is made with a
temperature rise far from the relevant temperature range, the
experience based values given here will no longer be valid.

Finally, it should be mentioned that the approach presented
in this paper may also be applied for SFs or other insulating
gases, but new empirical data is then needed to adapt the
coefficients included in IEC TR 60890 and to determine new
values for the heat transfer coefficient.
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