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Abstract. With the rapid development of the power grid, the soil corrosion 

problem of buried metallic components used for electrical equipments is in-

creasing, which brings huge safety hazards to the power grid and leads to a sig-

nificant increase in operation and maintenance costs. In this paper, the corroded 

grounding electrode used for electrical equipment in 220kV substation was in-

vestigated by means of microstructure analysis, macro-morphology inspection, 

soil physicochemical properties testing and energy spectrum analysis. The re-

sults show that insufficient anti-corrosion performance and alkaline service en-

vironment with high salt were the main causes for corrosion of grounding elec-

trode. Additionally, effective suggestions were put forward in order to improve 

the corrosion resistance of the grounding electrode in order to ensure the safety 

and stability of the power grid. 

Keywords: 220kV Electrical equipment; Grounding grid; Soil corrosion; Fail-

ure analysis. 

1 Introduction 

The grounding device of power transmission and transformation equipment is the 

unity of lightning protection grounding, working grounding, and protective ground-

ing. If the grounding device of a substation is corroded and damaged, it would not 

only shorten its service life, but also cause an increase in the grounding resistance 

value, reducing the current dissipation capacity of the grounding body. Once the elec-

trical equipment is struck by lightning, it could not timely discharge the lightning 

current to the ground, leading to the occurrence of power safety accidents and causing 

great harm to the safe operation of the power system. Considering both cost and anti-

corrosion effect, the commonly used surface treatment for grounding grids mainly 

adopts hot-dip galvanizing anti-corrosion technology. However, the galvanized layer 

has poor corrosion resistance in soil with high chloride ions, which is prone to prema-

ture corrosion failure. Therefore, corrosion and rusting of grounding devices in power 

systems is an issue that cannot be ignored [1-4]. 
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During the inspection process, maintenance personnel at a certain 220kV substa-

tion discovered extensive corrosion damage to the grounding body of electrical 

equipment, with some copper clad steel strands and grounding flat steel corroded and 

fractured. The substation has been in operation for 10 years and there are no heavily 

polluting enterprises nearby. In order to identify the cause of corrosion damage to the 

grounding body and prevent similar failures from happening again, the author con-

ducted a systematic inspection and analysis of the corroded grounding electrode. 

2 Physical and chemical performance testing and analysis 

2.1 Macroscopic morphology observation 

Figure 1 shows the macro morphology of the corroded grounding electrode and it was 

found that the grounding electrode was severely corroded and damaged. The galva-

nized layer on the surface of the buried part of the grounding flat steel has completely 

peeled off and undergone obvious corrosion and fracture, and some areas of the 

grounding flat steel have been severely softened and perforated. The yellow brown 

corrosion products are distributed layer by layer on the surface of the grounding elec-

trode, and some of the corrosion products have fallen off without obvious mechanical 

damage or plastic deformation. Most copper clad steel strands have completely peeled 

off the copper layer from the steel core, causing severe corrosion of the steel core 

without copper layer protection. The corrosion products are yellow brown, and some 

steel cores have completely corroded. In addition, some steel strands with well pre-

served copper layers have not found obvious corrosion. 

  
(a) Grounding flat steel                                (b) Copper clad steel stranded wire 

Fig. 1. The macro morphology of the corroded grounding electrode. 

2.2 Metallographic examination 

Figure 2 shows the metallographic structure of the corroded grounding flat steel, and 

it could be clearly seen that the matrix structure of the corroded grounding flat steel 

was a small amount of banded pearlite and block shaped ferrite, with varying depths 
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of corrosion pits on the surface. And some of the corrosion holes have penetrated the 

entire grounding flat steel. 

Figure 3 shows the metallographic structure of the corroded copper clad steel 

stranded wire, and it could be found that the thickness of the copper layer on the cor-

roded copper clad steel stranded wire is about 0.15mm, which is much lower than the 

standard requirement that the copper layer thickness of stranded wire should not be 

less than 0.25mm. In addition, the matrix structure of the stranded wire is fibrous 

martensite with a small amount of ferrite, with a large number of corrosion pits and 

pores on the surface. 

  
(a) Corrosion pits                                                             (b)Matrix 

Fig. 2. The metallographic structure of the corroded grounding flat steel. 

  
(a) Copper layer thickness                              (b) Corrosion pits and holes 

Fig. 3. The metallographic structure of the corroded copper clad steel stranded wire. 

2.3 Morphology and energy spectrum analysis of corrosion products 

The microstructure and chemical composition of the corrosion products of corroded 

copper clad steel strands were detected and analyzed using scanning electron micros-

copy (SEM) and energy dispersive spectroscopy (EDS). Figure 4 shows the SEM 

morphology of the corrosion product and it could be seen that the corrosion products 

on the surface of the stranded wire are relatively dense and accompanied by block like 

particles of different sizes. Figure 5 and Table 1 show the energy spectrum analysis 
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chart  and results for corrosion products, and the results indicate that the corrosion 

products are mainly iron oxides and chlorides. Through analysis, the copper element 

should be caused by the mixing of corrosion products after the copper layer falls off. 

 

Fig. 4. The SEM morphology of the corrosion product. 
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Fig. 5. Energy spectrum analysis chart for corrosion products. 

Table 1. Energy spectrum analysis result of corrosion products(wt%). 

Test ele-

ments 
Fe O C Cu Cl Ni 

Test value 28.67 21.04 16.43 19.99 11.36 2.50 

2.4 Detection and analysis of soil physical and chemical properties 

Table 2 shows the test result of physical property and ion content of soil sample for 

buried grounding electrode of corroded electrical equipment. And it could be found 

that the soil near the grounding grid of electrical equipment is high salt alkaline soil, 

with chloride ion and sulfur content as high as 0.38g/kg and 0.17g/kg, respectively. At 

the same time, the soil conductivity is 1220 μS/cm, with a pH of 8.95. 
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Table 2. The test result of physical property and ion content for soil sample. 

Testing items Cl-(g/kg) 
Sulphur content 

(g/kg) 

Conductivity 

(μs/cm) 
pH 

Test value 0.38 0.17 1220 8.95 

3 Analysis and Discussion 

The substation is located in the irrigated farmland of the Yellow River, and the soil 

inside the station is alkaline and high salt soil. After testing, it was found that the soil 

contains high levels of sulfate and chloride salts, which are soluble in water and could 

be decomposed into chloride ions and sulfate ions. Both ions have a promoting effect 

on soil corrosion, and the higher their content, the stronger their corrosiveness [5,6]. 

When the content of chloride ions and sulfate ions in the soil reaches a certain value, 

they would penetrate the passivation film of the grounding electrode. Subsequently, it 

would react to produce soluble chlorides or sulfates, causing rapid consumption and 

ultimately failure of hot-dip galvanized and copper coated layers. In addition, the 

thickness of the copper layer on copper-clad steel stranded wire was much lower than 

the standard requirements. Due to weak bonding between the copper layer and the 

steel stranded wire, a large area of copper layer detachment occurs, resulting in insuf-

ficient anti-corrosion performance and exacerbating the corrosion rate of the ground-

ing electrode to a certain extent [7-10]. Finally, galvanized flat steel and copper coat-

ed steel stranded wire form a primary battery due to significant differences in elec-

trode potential, and galvanized flat steel as the negative electrode of the battery is 

more susceptible to corrosion. 

4 Conclusion 

Based on the above analysis, the main reason for the corrosion of the grounding elec-

trode used for the electrical equipment in the 220kV power station is the insufficient 

anti-corrosion performance of copper clad steel strands and grounding flat steel. Due 

to the long-term burial of the grounding electrode in alkaline and high salt soil with 

high chloride ion and sulfate ion content, the grounding grid ultimately undergoes 

severe corrosion under the combined effects of soil chemical, electrochemical corro-

sion, and stray current corrosion. 

Firstly, it is necessary to strengthen the inspection of the electrical equipment 

grounding grid in the substation nearby the irrigated farmland of the Yellow River, 

and corroded or broken grounding flat steel and copper clad steel stranded wires 

should be replaced in a timely manner. The newly replaced grounding flat steel 

should be coated with hot-dip galvanizing technology for corrosion prevention, and 

the minimum thickness of the galvanized layer should not be less than 70 μm and the 

average thickness is not less than 85 μm. The substation located in the desert and 
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irrigated areas could increase the thickness of the galvanized layer of the grounding 

body to 120 μm due to the strong corrosiveness of the soil. The thickness of the newly 

replaced stranded wire copper layer shou'l'd not be less than 0.25mm and the copper 

layer should not be separated from the steel core, without defects such as cracks, 

fragments, holes, etc [11,12]. 

Secondly, due to the severe oxygen concentration corrosion of grounding bodies 

buried within a depth of 1.5m in highly saline alkaline soil, it is recommended to use 

casing or coating protection for the grounding electrode in this section for dual anti-

corrosion. When using dissimilar metal grounding materials in the same area, addi-

tional protection should be given to the connection parts [13,14]. 

Thirdly, the corrosion status of the grounding grid cloud only be determined 

through excavation inspection at present. Given the rapid development of non-

destructive technology in pipeline corrosion detection in recent years, it is necessary 

to use guided wave or phased array detection technology to evaluate the corrosion 

status and predict the corrosion life of the grounding grid [15]. 

Finally, considering the serious corrosion damage of galvanized steel and copper 

clad steel grounding materials in high salt alkaline soil, it is recommended to explore 

the feasibility of using new grounding materials such as aluminum alloy, stainless 

steel, and graphene in non critical electrical equipment. If there is no serious corrosion 

damage and no significant decrease in conductivity after one year of trial operation, it 

could be promoted and applied to grounding devices of other electrical equipment 

[16,17]. 
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