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Abstract

The failure rate of 10 kV switchgear is very high as a result of subpar manufacturing
technology, flawed designs, and environmental effects. For this reason, a new safe and reliable
modular high voltage switchgear design method is presented in this paper. It can lower the
failure rate of switchgear and increase the reliability of the power supply. It is based on the
current state of traditional switchgear and the current technical requirements for switchgear.
The electric field and temperature rise simulation model are established to check the
reasonability and validity. By using the finite element software, the simulation results show that
the design in this paper has a maximum temperature rise of 55 K for the main cabinet and a
maximum temperature rise of 45 K for the deputy cabinet, which is far below the inter-
national standard of 70 K. The areas where the partial discharge is likely to occur within the
switchgear are places such as the connection between bus-bar and cabinet, bus-bar joint and
bus-bar corner. In order to avoid po- tential dangers, the discharge point must be located in
time to prevent insula-tion fault of electrical equipment of the high voltage switchgear. The
simula- tion results demonstrate that the design method in this paper greatly improve the
reliability of switchgear and meets the demands of power system.
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1. Introduction

Switchgear is a kind of reliable, small metal enclosed switch power equipment, which is
widely used in China. High voltage metal enclosed switchgear integrates load switches,
disconnectors, transformers, capacitors, arresters, circuit breakers,

contactors, fuses, bus-bar and the corresponding secondary equipment such as the devices of
control, interlocking, protection, monitoring and communication. And it is a combined
electrical appliance which reduces the space occupied by these power equipment, improve
the safety of equipment operation and signifi- cantly improve the economic benefits [1] [2].
10 KV switchgear plays an impor-tant role in the power grid, but its failure rate is very high
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and can reach 42.3%. The switchgear accidents reveal the main problems of power equipment
failuresare as follows:

1) When passing through large current, the temperature rise
in the cabinetgenerally exceeds the standard requirement of 70 K;

2) The high temperature will bring hidden trouble of insulator;
3) The ventilation of the cabinet is poor and the fever is serious;
4) Certain parts are damp and rusty;

5) Daily maintenance time might be long, maintenance requires
power cut [3][4] [5] [6].

Therefore, it is necessary to develop a new type of switchgear based on mod-ularization to
realize live maintenance, so as to improve the power supply relia- bility of high-voltage
switchgear.

Firstly, this paper shows that the fault of the existing switchgear, analyzes the causes and
designs a new type of high voltage switchgear considering the present problems. Based on the
modular design of the new switchgear, it can achieve the requirements such as maintenance
without power cut and when the switchgear breakdown, it can reduce the time of power cut,
so as to improve its heat dissi- pation performance and to increase the utilization rate of
equipment. To ensure the stable operation of the switchgear, the electric field and
temperature field ofthe new modular switchgear are simulated using finite element method,
and the design of the high-voltage switchgear is analyzed to check whether it meets the
requirement of the standard.

2. New Switchgear Design
Modular Design of New Switchgear

According to the functions to be implemented, the basic structure of the new de- signed

switchgear is shown in Figure 1.
The new switchgear adopts the overall design of main cabinet and auxiliary
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Figure 1. Structural design of new high-pressure switchgear.
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cabinet, which is mainly composed of bus-bar module, control module, switch module and
standby bus-bar module.

The bus module is used to install the main bus and supporting bus within theroom of the
bus, and the arrangement is in a straight vertical direction, so that the main bus is fixed with
the support of the wall bushing between the cabinets. The control module promotes the
connection of secondary circuit in the form of socket to realize the quick isolation and
restoration of switchgear faults. Switchmodule and CT module can realize the replacement
of components without power cut and reduce the maintenance time of power cut. The
standby bus module runs when the main bus is repaired without affecting the power supply
of the feeder.

According to the overall design of the switchgear above and practical require- ments, the
designed switchgear will adopt a wiring technology applied to the mode of one main and one

standby bus, as shown in Figure 2.
It can be easily found that this wiring mode is more flexible, the new
high-voltage switchgear can effectively restrain the temperature rise when run-ning a large

current, reduce the deterioration of insulators and insulation sheathin the cabinet due to high
temperature and perform heat dissipation efficiently. Under rated operating condition, the
temperature rise can be reduced to realize live maintenance and to improve the reliability of
power supply.

According to the standard of southern power grid equipment technical tender document—
10 kV switchgear (moving type and fixed type), the insulation level of switchgears should
meet the requirements; the temperature rise is supposed tobe lower than 70 K. Therefore, it is
necessary to analyze switchgear the electric field distribution and the temperature rise
condition of the switchgear.

3. Electric Field Simulation of New Switchgear
Mathematical Electric Field Simulation Model

3D-model about the new switchgear is set up and the mathematic
expressions are as follows:
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Figure 2. Wiring design of new high voltage switchgear.

1) Governing equation [7]:
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0 , where is the dielectric constant, F/m;

2) Initial equation: The initial condition for each phase conductor
is:

:F v o 0 10kV

3) Boundary equation:

On the midline of each phase bus:

The grounding boundary:

©)

(4)
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The infinity grounding boundary is:
0 s 0O0. (5)

Electric Field Simulation

Firstly, the physics model should be set up. The physics model of the new-designed
switchgear is built in Solid works which can put into COMSOL directly with the file format,
as shown below. Some models, such as that on themounting hole of the insulator installed in
the cabinet and that on the sleeve covering the conductor, have such little influence on the
simulation results thatthey can be ignored.

As shown in Figure 3, the figure on the left is the sub-cabinet, standby bus and switch of
the new switchgear; on the right side is the main cabinet, namely main bus and switch. The
main and secondary cabinets are connected by cable.

Import the model above into a finite element calculation software, and add corresponding
materials to each part. When calculating the electric field, groundthe switchgear and apply the
bus with 10kV voltage. In this case, calculate the electric field distribution and temperature
rise of the entire switchgear. The

Main cabinet

Stand-by cabinet

Figure 3. Overall model of the new high-pressure switchgear.
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result is as shown in Table 1.
The mesh division is significant in that its quality after structure discretizationdirectly affects

the solution time and the correctness of the solution result. Mul- ti-level grid division is
employed in this simulation model because the thicknessof bus, the sizes of insulator and the
whole model are relatively small. At the same time, the skin collecting effect and the eddy
current effect of the shell of thethree-phase bus cannot be ignored. The boundary layer mesh
fine division me-thod is adopted for the bus, as shown in Figure 4 and Figure 5 respectively:

Table 1. Calculation parameter.

The model name The material incentive
properties
Cabinet put oneself in aluminum ov
another’s shell (grounded)
Bus bar (main cabinet) copper 4000
A/50Hz
Bus (sub-cabinet) copper 3150
A/50Hz
insulator epoxy resin /
To solve the domain air /

Figure 4. Grid division of cabinet of new high voltage switchgear.
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Figure 5. Grid division of bus and insulator of new switchgear.

Analysis of Electric Field Simulation Results

The electric field intensity distribution of the main cabinet is shown in Figures 6-9.

It can be seen from Figure 6 that the electric field intensity of phase B in the main cabinet
is the highest; It is illustrated in Figures 7-9 that the field strengthat the connection between
the bus and the cabinet in the main cabinet, the junc-tion of the bus and the corner of the bus

are relatively large, reaching 106 V/m, the maximum value of the field strength occurring at
the connection between the bus and the cabinet [6].

Local field strength distribution of the secondary cabinet is shown in Figure 10 & Figure
11.

Figure 6 and Figure 10 show that the overall electric field intensity of the auxiliary cabinet
is much smaller than that of the main cabinet. Consistent withthe main cabinet, the electric
field intensity at the connection between the
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Figure 6. Distribution of electric field intensity inside the main cabinet of the new switchgear.

Figure 7. Electric field intensity at the connection of the main and
bus bars of the new switchgear.

Figure 8. Electric field intensity at bus junction of the main cabinet
of the new switchgear.

Figure 9. Electric field intensity at the corner of bus of main
cabinet of new switchgear.
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Figure 10. Distribution of electric field intensity inside the
sub-cabinet of the newswitchgear.

\

Figure 11. Field strength at connection of sub-cabinet bus of new switchgear.

sub-cabinet bus and the cabinet body, the junction of the bus and the corner of the bus are

relatively large, reaching 104 V/m.
From the analysis, it can be seen that the switchgear is prone to partially dis-charge in areas
like the connection between the bus and the cabinet, bus cornerand bus junction.

4. Temperature Field Simulation
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Mathematical Model for the Temperature Field Calculation of Switchgear

Temperature calculation is based on natural convection [8]:
gk U Dk (6)
gk —Natural convective heat transfer;
[k —Convective heat transfer coefficient. Initial conditions:

For switchgear the initial condition is:
0 O Tsolid U TFluid - (7)

[1 —Temperature difference between solid surface and fluid. The boundary

conditions:
For the switchgear bus-bar side boundary condition is:
1k it 00T
OT o000 O
T
1T
0. (8) .
LIn
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For the outer shell of switchgear, the boundary condition is:

Tk — o0 0OT
OTo00 1
T4
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[J —Convective heat transfer coefficient;

T—Temperature in various places of the switchgear;
k—Thermal conductivity between components;

[1 —Equivalent emissivity;

1, —Stefan Boltzman constant.

The temperature field calculation model, mesh division and material applica-tion of the
new switchgear are the same with those of electric field simulation.

The temperature distribution of the main cabinet is taken into account when the large
current is running which the temperature rise is the most serious. Therefore, the main
cabinet is applied with a current of 4000 A, the sub-cabinetwith a current of 3150 A, and
the ambient temperature is 25°C. In this conditionthe temperature distribution of the main
cabinet and sub-cabinet is analyzed andcalculated.

Analysis of Simulation Results

The temperature distribution of the main cabinet is shown in Figure 12 and Figure 13.

It can be seen from Figure 12 and Figure 13 that when the switchgear is run-ning at
high current, the joint temperature of the connection between the bus and the insulator and
circuit breaker room inside the main cabinet is the high- est—80°C. As the temperature of
the joint increases, the metal expands with theincrease of heat, which in the long run causes
the contact to deform and air to enter, accelerating the rate of oxidation. The increase of
oxidation speed leads to the increase of resistance, which in turn promotes heating and
creates a viciouscircle. The new switchgear in this research, after long term of operating,

HIE: i85 (degC) ]

-

50

40

Page | 882 Copyright @ 2020 Authors



Authors Juni Khyat ISSN: 2278-4632
(UGC Care Group | Listed Journal) Vol-10 Issue-1 January 2020

the temperature rise of each part in the switchgear is much less than 70 K which is the
international regulation. Thus the design of the main cabinet of this switch- gear is
reasonable.

Figure 12. Temperature distribution inside the main cabinet of the new switchgear.

It can be seen from Figure 14 and Figure 15 that when the auxiliary cabinet of the
switchgear is running at a high current of 3150 A, the highest temperatureof the auxiliary
cabinet also occurs at the junction of the bus and insulator

Figure 13. Local enlargement of the highest temperature of the
main cabinet of the newswitchgear.

Figure 14. Internal temperature distribution of the sub-cabinet of
the new switchgear.
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Figure 15. Local enlargement of the highest temperature of the sub-cabinet of the new
switchgear.

connection, with a figure of 70°C. Similarly, the resistance value of the contactresistance here
will also increase. After the auxiliary cabinet standby bus room runs for a long time, the
temperature rise of the highest temperature is 45 K, much smaller than the 70 K specified by
the international regulations, hence it can be concluded that the design of the new switchgear is
reasonable. In the meantime, temperature rises go up with the increase of the current added to
themain cabinet.

5. Discussion and Analysis

1) Temperature rise. According to the simulation results of the
temperature field of the switchgear, it can be seen that the new-designed high voltage switch-
gear meets the standards of temperature rise. However, it can still be optimized to reduce the
temperature rise, so as to improve its performance. From the anal- ysis above, it can be
concluded that eddy current heating is the main cause of temperature rise. Therefore,
restraining eddy current heating is the main meas-ure to reduce temperature rise. In addition,
the bus temperature rise is too high due to elements such as too many bus connection points,
poor contact and poor materials. Therefore higher purity copper, vaseline or conductive paste
on the cover can be utilized to reduce the contact resistance to suppress the bus tem- perature
rise.

2) Electric field intensity. If the local electric field intensity of
the bus is too large, it is practical to chamfer the corner of the main cabinet. When other con-
ditions remain unchanged, calculate the electric field of the main cabinet and thesecondary cabinet,

the result is as shown in Figure 16 and Figure 17.

The comparison between Figure 16 and Figure 17 and
Figure 9 and Figure
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11 demonstrates that the electric field intensity decreases significantly after the bus
chamfer, so the corner of the bus can be chamfered to reduce the field inten- sity. At the
same time, the local field strength can be reduced by adding insula-tors at the joints.

Figure 16. Electric field intensity after chamfering of the main cabinet.

Figure 17. Electric field intensity after chamfering of the stand-by cabinet.

6. Conclusions

In this paper, a new design method is present and the simulation model is estab- lished. The
results are as follows:

1) Under the long-term operation condition of large current, the maximum temperature rise
of the main cabinet is 55 K, and the maximum temperature riseof the sub-cabinet is 45 K. Both
are far below the international standard 70 K. Thus, the design of the switchgear is reasonable.
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2) In order to reduce the eddy current loss of the switchgear, the correspond- ing
optimization design is carried out to effectively improve the distribution of temperature field
and to reduce the loss of eddy current.

3) It is proved that the local electric field intensity of switchgear is relatively large and the
areas prone to partially discharge are places such as the connection between bus and cabinet,
bus corner and bus junction. Priority protection should be carried out in these essential places
to ensure the performance of the switchgear.
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