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Protection types of equipment are the mainstay of a power
system. Recently, gas insulated metal-enclosed switch-gear (GIS)
has developed the most important part of a power system
protection. High-pressure gas insulated metal-enclosed switchgear
may suffer overheating and can cause fatal accidents. The
miniaturization and high performance of electrical equipment
highlight the importance of thermal analysis. In this paper, the
model simplification method of gas insulated metal-enclosed
switchgear is studied and the complex structure of GIS is simplified
according to the heat source of GIS. The heat source of GIS
includes Joule heat of conductor and contact resistance heating.
Furthermore, this paper considers the cooling effect of natural
convection SF6. By employing the method of AC electromagnetic
analysis and fluid-solid coupling analysis, harmonics under the
effect of eddy current losses and the contact resistance method
for the convection heat dissipation (for shell and air) have been
selected. Finally, obtain the temperature distribution of gas
insulated metal-enclosed switchgear. The simulation results are
verified by temperature rise test. Thermal simulation analysis of
gas insulated metal-enclosed switchgear is carried out, which can
provide a theoretical and experimental reference for further
research and design of improved protected products.
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1. Introduction

Considering the increasing energy demand and multi systems of power generations attracted the industry and
academia to provide the smooth and protected energy systems. Protection of every system is most desirable to
avaid the undesirabel purturbations to enjoy the healthy efficient output (PD IEC-TS 62478, 2016; Nazir et al.,
2017). Switchgear is a mechanical device, installed for the protection of power systems. It consists multi devices
which are associated with control, metering and regulating of electric power system (Okubo and Yanabu, 2002;
Shioiri et al., 1999). These devices in a logical manner are called switchgears. Switchgear refers various equipment
associated with switching of electrical plants and circuit under the normal and abnormal operation. The types of
switchgear depend upon the level of voltages. According to the voltage ratings, there are tri types, the low, medium
and high voltage, which have up to 1 kV, 3 kV to 36 kV and up to 36 kV, respectively (Misrikhanov et al., 2003).
Furthermore, the outdoor open terminal (switch yard), metal-enclosed, gas insulated metal-enclosed,
compartment of GIS, design pressure of enclosure and gas insulated (Takahashi et al., 2005; Kuwahara et al., 1982)
are the classifications of switchgears. A healthy GIS contains pre-assembled and tested units, corrosion resistance,
need of minimal cleaning, low fault probability, operating life period, less requirement compares to AIS and
miniaturization features (Qi et al., 2015; Ueta et al., 2014). The objective of this work is to develop an ANSYS based
model of GIS, the calculation of heat transfer coefficient, DC-AC thermoelectric coupling simulation, GIS
temperature rise test and hereinafter comprehensive comparison between simulation data and test data.

1.1. GIS material

The GIS technology is in a continuous development process involving new materials, technical functionality,
manufacturing processes, quality, and reliability improvements (Zhang et al., 2000; Chmielewski et al., 2017). The
result offers GIS with higher performances in voltage ratings (up to 1100 kV UHV systems), current ratings (up to
8000 A) and short circuit ratings (up to 100 kA) (Switchgear, High-voltage, 2001; Kiichler, 2018). Meanwhile, the
size, volume and cost of GIS have been reduced. This development is still continuing, however the steps are getting
smaller in which the ratings are being increased or the size and volume is being reduced.

A constant development is carried out to investigate new technical principles like vacuum switching for high
voltages 52 kV and above, alternatives to SFg for example, for insulating purposes in gas insulated transmission
lines (GILs), electronic switching, or short circuit limitations (Riechert and Holaus, 2012; Xue et al., 2018). The basic
materials to manufacture GIS are metals to form the enclosure and the conductors, epoxy resin insulating
materials, insulating gas, contact materials for switches and breakers, and several metallic and insulator materials
to fix and operate the GIS functionality. When invented in the 1960s the GIS materials were dominated by a steel
enclosure, aluminum conductor, SF insulating gas, and silver plated contact materials (Lee et al., 2011; Yanabu et
al., 2002). In some cases, copper for the conductor was used to reduce the transmission losses of aluminum
conductors. Later the enclosure material of the steel was replaced by aluminum alloys. The insulating gas SFy is still
used because of its excellent performance of insulating high voltages with high reliability and its arc-quenching
ability (Yanabu et al., 2002), which allows current ratings of up to 8000 A and short circuit ratings of up to 100 kA.
Former gasses don’t offer such features. The high global warming potential of SFz has been taken into account by
developing a closed loop cycle for the lifetime of SFg which is fixed in international standards. The insulating
materials are based on epoxy resin of various mixtures with additives for improvement of mechanical strength,
tracking behavior and other properties to increase reliability. The basic materials are explained and their use in the
GIS is described below.

1.2. Heat transfer coefficient

All the heat transfer processes in nature can be a general situation of heat conduction, heat convection and
heat radiation (Riechert and Holaus, 2012; Xie et al., 2017). The heat transfer inside the switch cabinet is naturally
no exception. The indoor part of the switch cabinet hand car room and the bus bar is mainly composed of a moving
contact, a static contact, pressure terminal and a bus bar. Because of the friction and the contact force between the
moving contact and the static contact, the moving contact and the static contact are the main heat source in the
switch cabinet in the actual operation of the switch cabinet system. According to the second law of
thermodynamics, heat transfer from high temperature to low temperature. Therefore, as the highest temperature
parts, there is a thermal phenomenon from the contact to the surrounding parts. At the same time, the bus
insulating layer and the external air flow between each other, so the convection process is also included.
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Considering the above heat conduction and convection process, the main heat transfer process of the system is
shown in Fig. 1.

From the above analysis, the heat transmits from the contact to the moving contact arm, the static contact
arm, the insulation layer and the bus bar. Because of the existence of convection between the bus and the
insulation layer, the heat convection process exists. Therefore, the heat transfer inside the switch cabinet is
complicated multi-dimensional conduction and convection problem. For this kind of complex heat transfer process,
the finite element method is used to construct the three-dimensional differential equation, but the solution is
difficult because of this kind of boundary condition and the complicated model.

Bar
[ Contact }—{ static Contact

!

Moving Contact

Insulation

Fig. 1. Contact heat transfer flowchart.

Overall coefficient of heat transfer includes three heat dispatch methods. K; can represent the ability of heat
dispatch. The equation is called Newton cooling formula, as shown in Eq. 1.

P=KAT=KA(T-T)) (1)
Symbols in the equation are denoting:

P——total power loss;
A——uvalid area of dissipation;
T——temperature rise of heat element;
T——is the heat element temperature and;
To——1is the ambient temperature;
K;——overall coefficient of heat transfer;

According to experiment experience, the category of overall coefficient of heat transfer is between 6 and 20.
Overall coefficient of heat transfer can be defined as 8 or 10 W/(m”K). The paper is organized as follows: The GIS
model description is illustrated in Section 2. The GIS meshed model is presented in Section 3. GIS simulation
studies and temprature test is explained in section 4. conclusion is concluded hereinafter.

2. Model description

2.1. Thermoelectric coupling simulation of GIS

The gas insulated switchgear (GIS) is composed of isolators that open/close and cut off circuits of current,
disconnectors that electrically isolate circuits and open voltage, and other components. GIS is the name for a unit
that houses these components and circuits in a single gas tank with a compact footprint (Tschentscher and Franck,
2018; Xue et al., 2018). Grounding devices that prevent electrical shock and lightning arresters that prevent
dielectric breakdowns from lightning strikes are also included to enhance safety. Gas insulated switchgear plays a
vital role acting as a huge switch to operate and protect substations. A geometry model of 252 kV is drawn in Fig. 2.

2.1.1. Circuit breaker and current transformer

The circuit breaker is usually in a separate enclosure because of the higher gas pressure requirement for its
arc distinguishing capability. The circuit breaker module may be horizontal or vertical oriented and is the base
module of a bay. Other modules are connected to it as shown in Fig. 3. The compartment usually has a higher
operational pressure (0.7 MPa to 0.8 MPa) than the other modules (0.4 MPa to 0.6 MPa) because of the need to
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distinguish the switching arc for interruption of rated currents (2000A to 5000 A) or in case of short circuits (25 kA
to 80 kA). The circuit breaker housing is used as the basis of the bay to which disconnectors, ground switches, and
bus bars are connected. Since one of the main purposes of a circuit breaker is to automatically and rapidly de-
energize faulted transmission lines, transformer banks and buses. An opening operation is initiated by protective
relays, which are generally installed remotely in a relay and control room.

Fig. 3. GIS circuit breaker and current transformer.

This operation may include automatically reclosing of the circuit breaker one or more times. The opening or
closing of a circuit breaker can also be initiated by human intervention from several locations, including manually
from the circuit breaker mechanism cabinet, electrically from the local control cabinet, from the relay and control
panels remote from the circuit breaker, or from supervisory controls remote from the substation. A circuit breaker,
generally, is not prevented (interlocked) from opening and/or closing by the position of either a disconnect switch
or a grounding switch. However, a circuit breaker is prevented from operating or is automatically required to
operate by parameters that affect its successful function, such as low interrupting and insulating gas density, low
mechanism pressure, pole disagreement tripping (in case of circuit breakers with independent pole operation), or
monitoring of the proper position of the circuit breaker before initiating an operation. As an example, a circuit
breaker must be in the fully closed position before an open operation can be initiated and, conversely, a circuit
breaker must be in the fully open position before a close operation can be initiated. The indication of the position
of the circuit breaker can be monitored at the circuit breaker mechanism cabinet via mechanically operated
semaphores, at the local control cabinet, at the relay and control panels remote from the circuit breaker, or from
supervisory controls remote from the substation with positions indicating red and green lights or semaphores.

In the current transformer the primary is connected to the power line in the series, so the primary is nothing
it is only the current which flow through the power line and it does not depend on the load. Gas compartment
reduces the access of moisture and to suppress gas tight bushing for secondary connections. Current transformer is
generally located in the circuit breaker bushing turrets, however specific designs involving direct cable or
transformer connections may require standalone CTs. As in the case of AIS standard current injection and ratio tests
can be performed. However, to access the main bus as stated earlier, ground switches will need to be isolated and
the test currents or voltages injected thru the ground switch onto the bus. These tests are conducted with the main
bus denergized and isolated from any operational portions of the remaining GIS switchyard. It is also important to
remember when the tests are completed before the bus or equipment is energized, the CTs must be connected or
shorted, otherwise equipment damage may result.
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2.1.2. Fast acting earthing switch’s

An Earthing switch is used for the protection and it has the slowest operation. These switches are to be
vertically broken switches. The earthing arm interlocked with main isolator moving contact. When the main contact
of isolator will be close, then it will be open. Similarly the main contact of isolator will be open when earthing arms
will be inclose position. It operated only when it is a High voltage system is not energized. Fast acting earthing
switches have the additional capability of closing an energized conductor, creating a short circuit without receiving
significant damage to the switch or the enclosure. Fast acting earthing switches are also used to ground various
active elements of the substation, such as transmission lines, transformer banks, and main buses. In some GIS
facilities high speed ground switches are used to initiate protective relay functions. They are typically not
installedin ground circuit breakers or voltage transformers. Fig. 4 is depecting the overview of GIS fast earthing
switch.

Fig. 4. GIS fast earthing switch’s.

Fast acting earthing switches are also designed and tested to interrupt electrostatically induced capacitive
currents and electromagnetically induced inductive currents occurring in de-energized transmission lines in parallel
and close proximity to energized transmission lines. They can also remove DC trapped charges on a transmission
line. High speed (fault-initiating) grounding switches typically have motor operating mechanisms with spring assists
for rapid opening and closing of the switchblade. They typically use the same methods for determining the switch
position as disconnect switches.

2.1.3. Disconnectors

Specially developed “load-break disconnectors,” which cannot interrupt a short-circuit current, only the load
current of the switchgear, can fulfill the functions of the disconnector. These load-break disconnector switches are
used if a circuit breaker is available in the network to clear short-circuit currents.

Disconnector enclosure Moving contact
riv . . . i
Drive —__ - — : — ¢ Fixed contact

Insulator

Field shield
Insulator

Fig. 5. Cross section of a GIS disconnector.
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Fig. 6. GIS disconetors.

For normal load current interruption the load-break disconnect switch can be operated. Disconnector
switches in a GIS are installed for the same purpose as those in an air insulated substation (AIS). They are used to
isolate various components of the substation, such as circuit breakers, transmission lines, transformer banks, buses
and voltage transformers. They generally do not have significant interrupting capability except for small quantities
of charging current associated with short pieces of bus. These charging currents are in the range of 0.5 A to 2.0 A.
Fig. 5 and Fig. 6 are depicting the cross section of GIS connector and disconnector, respectively.

2.1.4. Gas insulated line (GIL)

GIL consists of a central aluminum conductor with a typical electrical cross section of up to 5,300 mm?. The
conductor rests on cast resin insulators, which center it within the outer enclosure. This enclosure is formed by a
sturdy aluminum tube, which provides a solid mechanical and electrical containment for the system. To meet up-
to-date environmental and technical aspects, GIL is filled with an insulating gas mixture of main nitrogen (usually
80% and a smaller percentage of SFs (20%). The GIL overview is presented in Fig. 7.

2.1.5. L-Shape connector

An L-Shaped connector, which can waterproof simply and connect an L-Shape terminal to an electric shield
wire in miniaturized size so as to insulate and electromagnetic shield the L-Shaped terminal, includes an L-Shaped
dividable insulation inner housing receiving an L-Shaped terminal joined to the electric shield wire; an electric
conductive shield shell covering a terminal receiving portion of the inner housing; an outer housing covering the
shield shell; an electric conductive housing receiving a wire lead-out portion of the inner housing. Fig. 8 is showing
the L-Shaped connector’s overview.

Fig. 7. Gas insulated line (GIL). Fig. 8. L-Shape connector.
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Joining a flange of the shield shell and a flange of the outer housing to a flange of the electric conductive
housing by screwing, and connecting a shield portion of the electric shield wire through a shield terminal to the
shield shell; and a shield packing waterproofing between the flange of the shield shell and the flange of the electric
conductive shell. In Fig. 9, the simlified model of GIS describe the main component of Gas Insulated switchgear.
Currnet transformer, Circuit breaker, compound bushing, bus bar compartment, L-Shape connector, disconnectors
and earthing switches.

3. GIS meshed model

3.1. Contact resistance

The modern high voltage SF¢ circuit breakers have two parallel contact sets. The main contacts are low
resistance contacts, which are silver plated, whereas arcing contacts are of tungsten-copper, which helps in
initiating arc quenching and current interruption. Measurement of the static contact resistance with the breaker in
closed position gives the resistance of main contacts only because the arcing contacts are bypassed. Static contact
resistance is measured by injecting a DC-current through the breaker and measuring the milli-voltage drop. A four
wire measurement method is used (Yanabu et al., 2002; Kiichler, 2018). The breaker must be in the closed position.
If low resistance readings are obtained when testing the breaker contact resistance using a low current, then it is
recommended to re-test the contacts at a higher current. A higher current will have the ability to overcome
connection issues and oxidation on terminals, where a lower current may produce higher readings under these
conditions. The Fig. 10 and 11 are depicting the meshed model of GIS and 3D tetrahedron mesh generation of GIL-
CB.

T Y Y Y A Y A Y N Y Y Y Y Y AN T A Y Y AV Y Y VY A AV AT A A AT A AV AT AV

A H IR IR KR I PRI PRSI IR P K P R P P o5 I R P M R MR )

Fig. 10. Meshed model of GIL.

Fig. 11. Meshed model of CB.

The limitation of static contact resistance measurement is that, it ignores the information about the arcing
contact condition. Erosion of arcing contact, contact misalighment, damage to driving mechanism cannot be
detected from static contact resistance measurement. Dynamic contact resistance measurement for circuit
breakers was introduced in 1992 (Bhole and Gandhara, 2016).

VECTOR

ANDTZ
R16.(

69928( E+07 \ 140E407

\ 87 R\ ~1228407 .157E+07
(b)
Fig. 12. Current density of compound bushing upper side (thermal source calculation).

Camero 524610
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The current density distribution of compound bushing upper side is shown in Fig. 12. The part (a) ignores the
contact resistance and current density of part (a) is lower than part (b). Part (b) care about the contact resistance
and current density of part (b) is higher than part (a). While in Fig. 13, the current density distribution of compound
bushing lower side is shown. The part (a) do not consider the contact resistance and current density of part (a) is
lower than part (b). The part (b) consider the contact resistance.

(= ANSY:
. AN%le VECTOR R16.
STEP=1 MAY 27 2017  STEP=1 MAY 27 2017
SUB -1 17:12:53  SUB =1 17:19:33
TIME=1
Js
ELEM=174578 ELEM=, 139E+0
MIN=.812E-19 MIN=.110E-18
MAX=. 389E+07 MAX=.15TE+07
| S — |
.812E-19 864305 L173E+07 “259E+07 346E+07 .110E-18 349740 699480 .105E+07 N -140E+07
432152 .130E+07 .216E+07 L303E+07 .389E+07 174870 524610 874350 .122E+07 L157E407
(a) (b)
Fig. 13. Current density of compound bushing lower side.
ANSY:
NODAL SOLUTION R16J
STEP=1 MAY 27 2017
SUB =1 17:24:27 NODAL SOLUTION ’“‘J',J
TIME=1 -
VoLT  (AVG) ity i
RSYS-0 TIME=1 o
SMN -.243749 VOLT (AVG)
SMX =.328128 RSYS=0
SMN -.482743
SMX =.591342
| B S S— L ———— |
.243749 .2625 .281251 .300002 .318753 .482743 .506876 .531009 .555143 579276
.253124 .271875 .290626 .309377 .328121 .49481 .51R0413 543076 .K&7209 5911342
(a) (b)

Fig. 14. Electric potential density of compound bushing.

The potential difference of compound bushing part (a) is 0.084379 V and the loop resistance of compound
bushing is 21 uQ. Potential difference of compound bushing part (b) is 0.108599 V. The loop resistance of
compound bushing is 27 uQ. In compound bushing, there are three contacts and each contact resistance is 2 uQ.
So, the total contact resistance is 6 pQ.

g EEEE— ]
-474E—17 475324 950649 S1la3E+o7 S190E+07
237662 Jizes7 Sl19=+07 .lEeeE+07 .214E+07

Fig. 15. Current density distribution of busbar compartment.
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Fig. 15 and 16 depcits the bus bar compartment contact resistance is being considered. Both current density
of contacts area are bigger than shell and bus.

— _ —
.216018 (222385 228712 2351 .241527 -422498
; P o

5 .436066 .449635 -463203 4716172
219206 231041 _23R338 94471t .429282 .442851 456418 .469988 .483556
(a) (b)

Fig. 16. Electric potential density of busbar compartment.

The potential difference of busbar compartment part (a) is 0.028697 V and the loop resistance of busbar

compartment is 7 uQ. Potential difference of compound bushing part (b) is 0.061058 V and the loop resistance of
busbar compartment is 15 uQ.

16.¢
STEP—1 MAY 27 2017
SUB —1 Zozas:21
TIME—1
THER

ELEMENT SOLUTION "R6T srme-
STEP=1 MaY 27 2017 SUB =1
SUB =1 20:48:34

Fig. 17. Joule heat of busbar compartment.

Fig. 17 shows the joule heat of busbar compartment. In part (a) contact resistance is not considered and in
part (a) the bus area is bigger than other areas and also produce the joule heat higher than other areas. In parts (b)

and (c) contact resistance is considered. In part (c) the area of fixed contact and spring contact is bigger than other
areas and they produce higher joule heat as compared to other areas.
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Fig. 18. Current density distribution of fast earting switch (FES).

Taam+n7

In Fig. 18, the fast earthing switch is considers contact resistance. Both current density of contact areas are
bigger than shell and bus. While the Fig. 19 shows the current density distribution of L-shape connector. The part
(a) care about contact resistance. The part (b) does not care about the contact resistance. In Fig. 20, the current
transformer considered the contact resistance. Both current density of contact areas are bigger than shell and bus.
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-17 302777 605554 508331 121E+07 . 3 n
s = o R S L 3042 ;A06E+07 38807 83103.7 247611 412117 576624 741131
(a) inside conductor (b) shell
Fig. 19. Current density distribution of L-Shape connector.
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Fig. 20. Current density distribution of current transformer.
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Fig. 21. Currentdensity distribution of circuit breaker.

In Fig. 21, thecircuit breaker is considered the contact resistance. Both current density of contacts area are
bigger than shell.

s
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Fig. 22. Current density distribution of disconnector.

Fig. 22 shows the current density distribution of disconnector. Part (a) consider contact resistance. Part (b)
doesn’t consider the contact resistance.

—_— RS = -
.085684 .147338 .158993 250647 .302301 20.0003 24.8405 29.6807 34.5208
.121511 .173165 .22482 .27€474 .328128 22.4204 27.2606 32.1008 36.940 41.7811
(a) b)

Fig. 23. GIS DC thermoelectric coupling (during current flow outside shell).

When current flow in outside of the shell depicted in Fig. 23 part (a) then the contact resistance is ignored
and its loop resistance measured 58 pQ. In part (b), maximum temperature rise is measured 21.78 °C.
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Fig. 24. Current flow outside shell and contact resistance (considered).

When current flows in the outer shell of the diagram part (a) then the contact resistance will be considered
the loop resistance is 124 pQ. In part (b) GIS max temperature-rise is 30 °C. Fig. 24 depicted the current flow with
considering the contact resistance of outside of shell.

4. GIS simulation studies and temperature test

4.1. Simulation studies

Simulation of meshed equipments of GIS and temperature is tested in this section. The current density
distribution and power loss of busbar compartment are depicted in Fig. 25.

VECTOR
STEP=1

suB —1

R -50
IMAGINARY

IT
ELEM=.217E+07
MIN=.761E~17
MAX=.310E+07

S7e1E—-17 Bz/882 Sleem+07 SZAaBE+O7
aizsa1 .1z2ame07 .207m+07 .310E+07

File: -..\-..\ZFllC\model\ZFllcC\partl\\ZF1lC32half2.x_t

Fig. 25. Gas insulated line (power losses).

Table 1

Busbar compartment power losses.

Part name Power loss Volume Power density
Spring contact base (left) 25 6.0E-04 42759
Busbar 75 3.6E-03 20632
Spring contact base (right) 25 6.0E-04 42759
Shell 28 7.6E-03 3711
Conductor in basin-type insulator 36 1.4E-04 251996
Outside lane of basin-type insulator 0.7 8.8E-04 768

In Table 1, the power density of conductor in basin type insulator is bigger than other parts because in
“conductor in basin type insulator” includes the power loss which contact resistance generated. The current
density of two contants bigger than other parts which is depicted in Fig. 26.
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Fig. 26. Circuit breaker (power losses).
Table 2
Circuit breaker power losses.
Part name Power loss Volume Power density
Contact base 35 2.7E-03 13702
Fixed contact base 12 1.0E-03 12025
Peel contact finger 33 1.4E-04 241168
Moving contact 10 4.1E-04 25259
Wristband contact finger 16 2.2E-05 730705
Gas compress vat 11 1.3E-03 8490
Contact base 42 3.3E-03 12358
Shell 38 2.3E-02 1623
Left inside cover 0.05 2.9E-03 16
Left outside cover 0.02 2.7E-03 6
Right cover 0.05 3.1E-03 17

In Table 2, the power density of wrisband contact finger is bigger than other parts because in “conductor in
basin type insulator” includes the power loss which contact resistance generated.
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Fig. 27. Disconnector (DES power losses).

In Table 3, the power density of thin layer is bigger than other parts and its power density is 1257520. While,
the Table 4 is depicting the power density of “conductor in basin type insulator” is bigger than other parts because
“conductor in basin type insulator” includes the power loss which contact resistance generated. “Conductor in
basin type insulator” maximum power density is 252071.
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Table 3

Disconnector power loesses.

Part name Power loss Volume Power density
Conductor in basin-type insulator 19 1.4E-04 138614
Outside lane of basin-type insulator 0.8 8.8E-04 884
Thin layer 12 9.5E-06 1257520
Contact base 27 4.3E-04 62218
Moving contact base 15 1.9E-03 7788
Contact base 2 1.2E-04 18477
Peel contact finger (left) 37 1.3E-04 269307
Moving contact 9 1.8E-04 54412
Peel contact finger (right) 37 1.3E-04 268337
Contact base 2 1.8E-04 12661
Fixed contact base 14 1.3E-03 10553
Thin layer 12 1.5E-05 754512
Conductor in basin-type insulator 20 1.4E-04 138931
Outside lane of basin-type insulator 2 8.8E-04 2864
Shell 17 9.1E-03 1850
Up cover 0.1 1.8E-03 76
Left cover 0.03 1.5E-03 20
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Fig. 28. Compound bushing (power losses).

Table 4

Compound bushing power loesses.

Part name Power loss Volume Power density
Incoming terminal 51 4.1E-03 12172
Up flange 8 2.0E-03 4194
Busbar 192 8.4E-03 22784
Down flange 19 2.9E-03 6706
Down flange plate 25 3.4E-03 7382
Medium shell 34 3.1E-03 11178
L-Type conductor 16 1.2E-03 12970
Conductor in basin-type insulator 36 1.4E-04 252071
Outside lane of basin-type insulator 0.7 8.8E-04 881
L-Type shell 14 4.3E-03 3306

4.2. GIS temperature-rise test

According to temperature-rise test data, GIS maximum temperature-rise is 57 °C. To prove at what maximum
continuous current the GIS can be operated, a temperature rise test is performed. Thermocouples are placed at
various locations such as conductors, connections, contacts, and insulators to measure the temperature rise at a
defined continuous current the GIS are designed for. Other than this discrete measure method, by using
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thermocouples additional thermo graphic measures can be used to support the analysis of the arrangement
related to the temperature rise, especially during development tests. The test setup of the GIS including the circuit
breaker, disconnect switch and bus bar is shown in Fig. 27 and 28. Figure show the test setup of the GIS enclosure.

GIS temperature rise-test

Fig. 29. GIS temperature rise-test model.

There are 4 pieces of aluminum bus bar at incoming ends together, each length is 2 m and the dimension is 15
mm x 150 mm, there are 2 pieces of separately copper bus bar at outgoing ends, each length is 2 m and the
dimension is 10 mm x 120 mm. The GIS temperature rise-test parameters are acknowledged in Table 5, while the
resistance of the main circuit in temperature rise-test is tabled in Table 6. The temperature rise-test model and
circuit diagram is presented in Fig. 29 and 30.

Table 5

GIS temperature rise-test parameters.

Contents Values (unit)
Current frequency 50 Hz
Ambient wind speed <0.5m/s

SF¢ gas pressure of CB gas compartment 0.50 MPa
SF¢ gas pressure of other gas compartment  0.43 MPa
Ambient temperature 23.4°C
Ambient humidity 57.9%

Table 6
Resistance of the main circuit in temperature-rise tests.
Before temperature-rise tests  After temperature-rise tests
Test result (p) 118 123
Ambient temperature 24.0°C 22.6°C

=
;% il

Fig. 30. Test circuit diagram.

T-Voltage adjuster; B-Transformer; CT-Current transformer; SP-Test object.

4.3. Simulation results

ANSYS software platform is utilized for modeling of GIS parameters. The current, initial temperature, ambient
temperature, external heat transfers and coefficient SF¢ gas pressure of CB gas compartment are modeled. For the
different conditions the amount of current is different, but the other parameters are measured same because the
current occurs the change in temperature and the ambient temperature is measured 23.4°C. The GIS temperature
field simulation result is shown in Fig. 31. The maximum temperature value of GIS is 352 and it is located in current
transformer. The minimum temperature value is 317.
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Fig. 31. GIS temperature field simulation results.

Table 7

Circuit breaker temperature results.

CB Test data Simulation data Difference data
Spring contact (left) 42 45 -3
Contact base 28.5 31 -2.5
Fixed contact base 31 35 -4
Peel contact (left) 37 38 -1
Moving contact 35 38 -3
Spring contact (right) 38 40 -2
Contact base 32 36 -4
Spring contact (right) 41 45 -4
Shell 23 25 -3

In Table 7, the maximum simulation value of spring contact (left and right) is 45. The minimum simulation
value of the shell is 25. Test data and simulation data is less than 4 k from difference value. In Table 8, the
maximum simulation value of spring contact (down) is 56. The minimum simulation value of the contact base is 50.
Test data and simulation data is less than 5 k from difference value.

Table 8
L-Shape contact tube temperature results.
L-Shape contact tube Testdata  Simulation data  Difference data

Spring contact (down) 57 56 1
Bus (down) 50.5 53 -2.5
Bus (up) 49 52 -3
Contact base 45 50 -5

Table 9

FES contact tube temperature results.

FES Test data Simulation data  Difference data

Contact base a7 51 -4

Moving contact 46 50 -4

Bus 46 50 -4

Gas 27 31 -4
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The Table 9 is depicting the maximum simulation value of contact base is 51. The minimum simulation value
of the gas is 31. Test data and simulation data is less than 4 k from difference value.

Table 10

DES contact tube temperature results.

DES Test data Simulation data  Difference data
Contact base 47 51 -4
Peel contact finger (left) 48 50 -2
Moving contact 47 50 -3
Peel contact finger (right) 45.5 49 -3.3
Fixed contact base 39 44 -5
Experimental joint 33 37 -4
Connecting plate 1 27 30 -3
Connecting plate 1 20.5 25 -4.4
Shell 22 27 -5

The maximum simulation value of contact base is 51 in Table 10. The minimum simulation value of the
connecting plate 1 is 25. Test data and simulation data is less than 5 k from difference value.

Table 11

Gas insulated line (GIL) temperature results.

GIL Test data Simulation data Difference data
Contact base (right) 52 50 2

Bus 53.5 48 55
Contact base (left) 51 50 1

In Table 11, the maximum simulation value of contact base (left, right) is 50. The minimum simulation value of
the bus is 48. Test data and simulation data is less than 5 k from difference value. While, in Table 12, the maximum
simulation value of spring contact is 50. The minimum simulation value of the L-Shape conductor is 26. Test data
and simulation data is less than 5 k from difference value.

Table 12
Compound bushing temperature results.
Compound bushing Test data Simulation data Difference data

L-Shape bus 43 48 -5
Spring contact 51 50 1
Bus 47 47 0
Incoming terminal 46 48 -2
L-Shape shell 21 26 -5
Gas 33 35 -2

A comprehensive exploration of GIS equipment simulation, temperature test and power losses of GIS
components have been made. Analysis and simulation results show the criteria for detecting fault direction, which
works perfectly under various fault conditions and satisfies the criteria requirement. From GIS components
temperature results, the maximum simulation values are 45, 56, 51, 51, 50 and 50. The minimum simulation value
are 25, 50, 31, 25, 48 and 26. Test data and simulation data is less than 5 k from difference value.

5. Conclusion
The installation of SFg switchgear brought advantages in performance, size, weight, overall cost and reliability

under multi operating conditions. According to the structure of GIS, the model is being built and simulated for
temperature rise-test. The simulated and experimental results are compared. The temperature rises at the
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conductors contact part which is closely related to the increasing loop resistance, especially the contact resistance.
The temperature rises with the loop resistance. The highest temperature area generally locates around the contact
part. Temperature field is designed and its availability, reliability was verified by comparing the simulation results
with the test data. Then different contact conditions are fixed and the corresponding temperature rising
characteristics obtained. According to the simulation and experiment study, by measuring the loop resistance,
condition estimate of abnormal contacts can be accomplished. On the ground, a reasonable maintenance strategy
can be drawn up and loop resistance measured 124 pQ. Maximum temperature of GIS measured 352 k.
Temperature rising value is 56 k, which is located between current transformer and L-Shape conductor, whereas
discrepancy is less than 5 k. Simulation studies carried out to incorporate the protection schemes which are
comparatively effective in terms of reliability and economic aspect.
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