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Abstract 

 

The electric field distribution in medium voltage roof top bushing is principally dependent on the geometry dimension and types 

of the materials used. The main target is to achieve a bushing design which has a good field stress control. Various combinations 

of conductive, insulated and earthed parts, connected with the bushing have been treated in the development phase. In this paper, 

two-dimensional (2D) axial-symmetrical model geometries of roof top bushing have been developed using finite element 

analysis (FEA) method, which is ANSYS MAXWELL software. These models have been used to obtain the electric filed 

distribution in roof top bushing model. The effect of the bushing permittivity, electrical conductivity, the width, length and the 

metallic interface on the electric field distribution in roof bushing structure were analysed. From this study, an understanding of 

electric field distribution in roof top bushing geometry may be attained, which may help in designing of medium voltage roof top 

bushing stress control. With the help of simulation result proposed the new design of roof top bushing and it is verified by 

different test. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Medium voltage distribution and industrial switchgears for the indoor application had until now passed over many phases of their 

development. 3 kV to 36 kV switchgear system is characterized as medium voltage switchgear. Switchgears of the first 

generation were characterised by large functional units, made of metal sheet or brick or stone, with fixed mounted switching 

devices. The functional units were connected with bus bars that were mounted above the units. The next generation was so-called 

pre-fabricated switchgears. They were characterised by reduction of their size, use of new insulation materials and fixed 

Mounting of switching devices. The bus bars were coated by insulation materials. At the connection between two functional 

units they ran through specially designed bushing plates of epoxy or through ordinary bushings. At the beginning of 1980's the 

industrial switchgears were equipped with withdrawable trolleys that contained circuit breakers. At the incoming and outgoing 

terminals there are withdrawable contacts that have to be connected with fixed contacts on busbar in the busbar compartment. 

This connection is realised with the introduction of the trolley in the no voltage conditions. The withdrawable contacts have to 

pass through the partition wall that separates the busbar compartment and the switching compartment. This partition wall was in 

the earlier models made of insulation material. On the partition wall special bushings with flap were mounted. The technology of 

roof top bushing has been developed during the past two decades reaching maturity for insulating material, compact design, and 

high voltage strength capability in medium voltage switchgear. Bushings are used to carry out conductors into all types of 

electrical apparatus (e.g. transformer, circuit breaker, switchgear). Their form depends on the rated voltage, Insulating materials 

and surrounding medium. In electric power, a bushing is an insulated device that allows an electrical conductor to pass safely 

through a (usually) earthed conducting barrier such as the wall of a transformer or circuit   breaker. Bushing can be broadly 

grouped into two types: (i) non condenser (ii) condenser bushing. Aim of this project is concern with to achieve a bushing design 

which has good field stress control. 

In the first part of the paper the mathematical description of a two dimensional stationary electrostatic field, together with the 

solving of the problem with the finite element method, is presented. After this there is a presentation of the epoxy bushing and its 

optimising with simulations using a computer software tool. 

II. EXISTING ROOF BUSHING 

Metal-enclosed switchgear assemblies have earthed metallic enclosures. These are complete ready to install assemblies requiring 

high voltage and low voltage cable connection. This switchgear are four high voltage compartment, namely circuit breaker 

compartment, bus bar compartment and current transformer and cable compartment, which are separated by partition. This is 

shown in the fig. 
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Fig. 1: 36 kV rated voltage, 25 kA, 800 A Outdoor VCB Panel 

Switchgear which has compartments with metal partition that are intended to be earthed is called metal-clad switchgears. 

Switchgear with one or more non-metallic partition is known as cubicle switchgear. 

Existing roof top bushing design is shown in the fig, which is having 36 kV rated voltage, 25 kA, and 800 A capacity. It is 

design on 170 kVp impulse voltage with 70 kV rms voltage. Roof top bushing design was made for moderately polluted area. 

 
Fig. 2: AUTOCAD design of Roof top bushing 
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 Testing of Existing Roof Top Bushing 

High voltage testing procedure can be broadly classified into testing of insulating materials (sample of dielectrics) and tests on 

completed equipment. Impulse test is carried out on the existing roof bushing in a laboratory by applying 170kVp and 70 kV rms 

power frequency voltage. These are done as tests on sample of apparatus. The impulse test level is determined by the operating 

level (4 to 5 times the normal operating value) Apply on to the sample a certain number 10 positive impulse and 10 negative 

impulses of this particular value. They should withstand this voltage without any destruction. 

During testing if any damage occurs it should not be immediately visible, so we have it on a high frequency oscilloscope. In 

the event of complete damage, breakdown of the insulator due to application of the impulse voltage will be indicated as in. 

following graph shows the test result below in the figure. 

 

 

 
Fig. 3: 36 kV lightning impulse voltage test on roof top bushing 
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 Conclusion 

from the observation of the above oscillographic records, it is concluded that the above sample does not confirm to the  

requirement of standard voltage and test specification with respect to the tests carried out.so from the testing result design should 

be not suitable for the requirement. 

III. MODELLING OF ROOF TOP BUSHING 

Taking a reference of existing design and also by taking reference of IEC Standard shown in below table modeling of new roof 

top bushing is carried out. 
Table – 1 

Rated Insulation levels for rated voltages of range 1, series 1 

 
In newly developed prototype of roof top bushing a circular plate at the middle of the bushing is replaced by rectangular plate 

as shown in the fig. Some changes are also carried out in the epoxy part which is shown in the fig given below. 

IV. GENERAL ARRANGEMENT DIAGRAM OF ROOF TOP BUSHING 

This is an AutoCAD design of proposed new roof top bushing. It is having 36 kV rated voltage 800 A rated current. Factor 

affecting the design of roof bushing is mainly Creepage distance, air clearance, mechanical strength, cross section area of the 

bushing. This design is also made according to IEC data. Old design failed due to excessive partial discharge value and strength. 

Hence considering all factor observed new design is proposed. 
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Fig. 4: AutoCAD design of proposed new roof top bushing 

 Schematic Model of Roof Top Bushing 

 
Fig. 5: Schematic model of the roof top bushing 

The schematic model of the spout bushing is shown in Figure 4.1. Due to the axial symmetry of the model; the electric field 

distribution analysis is done in all part of the model. There are three different regions in the model. These regions are: conductor 

Rod (R1), dielectric (R2), earthing part (R3) and vacuum (R0) constituting the boundaries.  

The nonlinear partial differential equation of the numeric model is solved in two-dimensional domain considering the 

symmetry of the problem. During numerical modeling, the electric potential functions of the model are derived. Problems 

represented by boundary condition differential equations are called boundary-value problems. There are three classes of 

boundary-value problems. These are Dirichlet problems, Neumann problems and mixed boundary-value problems. 

 Numerical Model 

Until now, the most popular and effective scheme for providing error resilience in a video transport system has been layered 

coding combined with transport prioritization 

That is based on layer: 
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 Simulation Results and Discussion 

In the previous two sections, we described various techniques for error concealment from either the encoder or the decoder side, 

with little interaction between the two. Conceivably, if a backward channel from the decoder to the encoder is available, better 

performance can be achieved if the encoder and decoder cooperate in the process of error concealment. 

Interaction require feedback information to establish co-operation between coder & decoder & it also give information about 

what happening at decoder side so, that coder can use that information. Interactive error Concealment has two approaches. In the 

following, we review these approaches separately. 
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Fig. 6: Solution process model 

 Meshed Model of Roof Top Bushing 

In which the decoder gives feedback to encoder to affected area and try to eliminate that using the algorithm. It contain small 

overhead and can be very effective when combined with restricted prediction coding. 

 
Fig. 7: Mashed model of roof bushing 

 Roof Top Bushing with Plate 

 
Fig. 8: Optimized model for 36 kV Roof Top Bushing for 170 kV peak impulse value excitation 
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Fig. 9: Electric Field Distribution for 36 kV Roof Top Bushing  

 
Fig. 10: Zoom Portion of Electric Field Distribution 
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In this section, we briefly review some general approaches for post-processing based error concealment. The post-processing 

based EC basically exploits the correlation between the damaged block and its spatially and temporally adjacent blocks. It relies 

on the fact that generally there still exists some redundancy in the compressed bit stream. 

 
(a) Electric Field Distribution for 36 kV Roof Top Bushing with 170 kV peak impulse value excitation 
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(b) Zoom Portion of Electric Field Distribution for above fig 

Fig. 11: Test 1 plate id 162 mm & smooth surface with semi conductive coating on curvature also. 

 
(a) Analysis result of 36 kV roof top bushing in under test 1 condition 
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(b) Zoom Portion of Electric Field Distribution for Fig-3.6.3 

Fig. 12: Test 2 Maintain same in actual geometry with changes in inner rod of 24 mm to 60 mm. 

 
(a) Analysis result of 36 kV roof top bushing in under test 2 condition  

Fig. 13: Test 3 During this test consider the parameters given below. 

Rectangular changes from 175 mm to 365 mm. 

Thickness changes from 30 mm to 30 mm. 

Ground plate Id= 320 mm 

No change in Epoxy component. 

Plate thickness= 5 mm. 
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Fig. 14: Solution process on roof top bushing 

 
Fig. 15: Analysis result of 36 kV roof top bushing in under test 3 condition with 170 kV excitation 
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Fig. 16: Zoom Portion of Electric Field Distribution for Fig-3.6.7 

 Maximum Field Test results on 36kV Roof Top Bushing for 170kV Impulse peak value condition for optimized geometry 
Table - 2 

Maximum Field Test results on 36kV Roof Top Bushing for 170kV Impulse peak value condition for optimized geometry 

Rating of Roof Top Bushing On HV Rod Side On Bottom Flange & Ground Plate Side 

36kV ≈ 2.5 ≈ 2.0 

V. COMPARATIVE ELECTROSTATIC ANALYSIS 

Table - 3 

Comparative Electrostatic Analysis 

No of experiment Rated voltage Electrical field stress 

Test 1 170 kV 5.0 kV/mm 

Test 2 170 kV 3.0 kV/mm 

Test 3 170 kV 2.0 kV/mm 

VI. CONCLUSION 

New design of roof top bushing is proposed by taking the reference of existing design and IEC standard. Designing of this 

prototype (roof bushing) is carried in the AutoCAD software and analysis of roof top bushing is carried out in ANSYS 

MAXWELL to define the min stress level as per requirement. According to revise optimize design three cases are carried out by 

considering above different condition. By taking the reference of transformer and electromagnetic theory parameters of 

components are changed. It is analyzed on 170kVp excitation voltage in simulation software. Case-1 and Case-2 are not verified 

due to max stress level and not as per requirement, hence it is not verified. again one more Case is carried out in which main 

stresses are obtained. Prototype of roof bushing is developed based on design and analysis result and the prototype is carried out 

for testing. Various tests like impulse withstand voltage, power frequency withstand voltage test are carried out on prototype. 

Hence experimental result shows good agreement with the analytical results and values are in limits as specified in the IEC 

standard 
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