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Based on Ohm's law and charge conservation law and taking the polarization curves of the materials as 

the boundary conditions, the galvanic corrosion of a communication equipment in atmospheric 

environment is calculated and analyzed by numerical simulation, which is consistent with the salt spray 

test result. The effects of thin electrolyte layer thickness and coating damage factor on galvanic corrosion 

are evaluated, the corrosion mechanism of communication equipment is analyzed, and the corresponding 

anti-corrosion strategy is put forward. 
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1. INTRODUCTION 

 

Magnesium and its alloys are the most potential lightweight metal structural materials due to 

their low density, high specific strength and stiffness. At the same time, magnesium alloy also has the 

advantages of good die-casting performance, electromagnetic shielding performance, electrical and 

thermal conductivity, damping performance, biocompatibility and easy recovery. These excellent 

properties of magnesium alloys show a bright application prospect in communication electronic industry 

[1-4]. However, poor corrosion resistance of magnesium alloys is an important disadvantage. More 

seriously, magnesium alloys have a strong tendency of galvanic corrosion. Galvanic series is an 

important tool to judge galvanic corrosion tendency, which is the sequence of self-corrosion potential of 

metals in a specific medium. It can be seen from the galvanic series that magnesium alloy is the metal 
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material with the most negative self-corrosion potential [5]. Therefore, when contacting with other metal 

to form a galvanic couple in an electrolyte solution, magnesium alloy always acts as the anode of the 

galvanic couple, corrosion rate is accelerated compared with uncontacted with other metals. But 

magnesium alloy parts of communication equipment generally are need to be applied connecting with 

other metal parts, such as aluminum alloy and steel. Many studies have shown that galvanic corrosion 

of magnesium alloys contacting with other metals is very serious [6-24]. Jia [10,11] and Shi [17] revealed 

that a peak anodic current density for Mg-steel couple exceeded 0.1 A/cm2, and even in Stenta’s research 

[8] it reached 0.13 A/cm2. Deshpande [5,18] reported that the maximum corrosion rate of Mg-steel 

couple reached 210 mm/a. King’s results [19] showed a peak current density of about 0.2 A/cm2 for Mg-

Al 2024 couple. 

The common experimental methods of galvanic corrosion contain polarization curve 

superposition technique based on mixed potential theory [8,20-22], zero resistance ammeter technique 

[10-14], scanning vibrating electrode technique [18,25-27], scanning Kelvin probe technique [28,29] 

and scanning electrochemical microscope [30,31]. The polarization curve superposition technique is the 

superposition of the cathodic polarization curve of the galvanic cathode and the anodic polarization curve 

of the anode. The galvanic potential and current density can be obtained from the intersection point. This 

method gives only a theoretical average galvanic current value. Zero resistance ammeter technique can 

force the potential difference between galvanic anode and cathode to be zero, and measure the current 

flowing between the electrodes at the same time. Both polarization curve superposition technique and 

zero resistance ammeter technique obtain a total galvanic current without considering the influence of 

geometric factors and solution resistance et. al. Obviously, galvanic corrosion is not well characterized 

by these two techniques. From zero resistance ammeter technique, scanning Kelvin probe technique and 

scanning electrochemical microscope, corrosion interface information and surface potential or current 

density distribution can be obtained, but these methods are for small-size and simple galvanic couples. 

It is impossible to carry out research on large structures with complex geometry. Fortunately, with the 

development of computer science and technology, numerical simulation is gradually applied to the field 

of galvanic corrosion [5,7-9,11,32-34]. Numerical simulation method not only overcomes the 

shortcomings of the above experimental methods, but also shortens the experiment cycle and cost. 

A communication equipment, called remote radio unit, contains four modules, which realizes the 

modulation and demodulation of baseband signal, digital up and down conversion technology, digital-

to-analogue conversion, and converts baseband signal at intermediate frequency into radio-frequency 

signal. The converted radio-frequency signal is amplified and filtered and transmitted through the 

antenna port [35,36]. Communication equipment is used later to refer to the remote radio unit. The 

communication equipment is composed of magnesium alloy shell, aluminum alloy shell and stainless 

steel bolts shown in Fig. 1(a1, b1, c1, d1), which is equipped in the mobile communication base station.  

It is in service under atmospheric environment. Due to the electrical performance requirements, 

each metal part needs to be electrically connected with each other. All surfaces except the contact surface 

between metals shall be coated in order to obtain better corrosion resistance. Theoretically, if the coating 

can maintain an outstanding protective effect and corrosive medium cannot enter the contact interface 

between the magnesium alloy and the coating through the coating barrier, the magnesium alloy should 

not be corroded. However, in actual service, due to the defects such as porosity or damage of the coating 
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itself, the protective effect will deteriorate during the service of coating. Then  corrosive medium will 

gradually invade, and the metal will finally corrode. Because aluminum alloy shell and stainless steel 

bolts are in contact with magnesium alloy shell, their potential is much higher than that of magnesium 

alloy. Magnesium alloy will accelerate corrosion as galvanic anode, which has serious galvanic corrosion 

risk. 

Due to the complex structure of communication equipment and high experimental cost, it is not 

suitable to study its corrosion problem through common methods in the laboratory. And numerical 

simulation method was applied to analyze and evaluate the corrosion problem of communication 

equipment instead. Therefore, this paper intends to use the numerical simulation method to calculate and 

evaluate the risk of communication equipment corrosion, and study the influence of coating on galvanic 

corrosion. The salt spray test is compared with the simulation results. Then, corrosion process and 

mechanism are analyzed, and the corresponding protection strategies are put forward. 

 

 

 

2. MATERIALS AND METHODS 

2.1 The structure of the communication equipment 

The communication equipment consists three parts, a ZM5 magnesium alloy (abbreviated as Mg) 

shell, a 6XXX series aluminum alloy (abbreviated as Al) shell and twelve 304 stainless steel (abbreviated 

as St) bolts. The geometric modeling for finite element numerical calculation is carried out according to 

the ratio of real object and geometric model 1:1. In order to simplify the calculation, the local details of 

geometric part are ignored, as shown in Fig. 1(a2,b2,c2,d2).  

 

 Physical geometry 
simplified geometric model 

for numerical simulation 

Magnesium  

alloy shell 

  

Aluminium  

alloy shell 

  

Stainless steel bolts 
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Figure 1. Actual shape and simplified geometric model of main components of communication 

equipment. 

 

2.2 Potentiodynamic polarization test  

In order to carry out numerical calculation later, boundary conditions must be set, that is, the 

polarization curves of the communication equipment materials in solution. The polarization data of 

various materials of communication equipment were obtained through experiments. The solution 

temperature was room temperature, electrolyte was 3.5 wt.% NaCl solution. All electrochemical 

experiments applied the classic three electrode system, composed of saturated calomel reference 

electrode, platinum sheet electrode and working electrodes of communication equipment materials. The 

Zahner electrochemical workstation was applied for electrochemical testing, the potential scanning rate 

was 0.333 mV/s. In order to obtain a wide enough scanning range, the cathode and anode branches were 

scanned respectively and then combined together. Before the test, the system was stabilized for 5 minutes 

to reach a relatively stable open circuit potential. For better repeatability, the experiments were repeated 

more than three times. 

 

2.3 Mathematical model of the communication equipment galvanic corrosion in atmospheric  

environment 

There are many articles on the numerical simulation of galvanic corrosion, but most of them are 

calculated when the galvanic couple is in  thick electrolyte solution [8-11, 15-19], rather than when there 

is only a thin electrolyte layer on the surface of the galvanic couple, for example, corrosion in 

atmospheric environment. 

Of course, the modeling of galvanic corrosion under thin electrolyte layer can be the same as that 

in thick electrolyte  solution, mainly to solve the potential and current distribution in thin electrolyte 

layer. However, because of the complex geometric structure of the couple surface, the difficulty of 

geometric modeling and solution of thin electrolyte layer will increase. For the thin electrolyte layer, if 

the potential change in the normal direction of the boundary can be ignored, the original solution of 

partial differential equations in the three-dimensional electrolyte domain is simplified to the electrolyte 

charge transport in the thin electrolyte layer in the tangential direction of the boundary, which can avoid 

the potential problem of mesh anisotropy in the thin electrolyte layer [7,37-38].  

Over the thin electrolyte domain in Fig. 2 (over the exterior surfaces of the communication 

Communication 

equipment 
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equipment), the electrolyte potential φl satisfies the Ohm’s law (Eq. (1)) [7,37-38]. It is used in 

conjunction with charge conservation law (Eq. (2)) to describe current transmission in thin electrolyte 

layer [7,37-38].  

  (1) 

  (2) 

where il (unit: A/m2) is the electrolyte current density vector, T the tangential gradient operator, 

d (unit: m) the electrolyte layer thickness and σ (unit: S/m) the electrolyte conductivity.  

 

 

 
 

Figure 2. Governing equation and boundary conditions of thin electrolyte layer. 

 

 

For the interface without reaction, the insulation condition is set and the current density is equal 

to zero. For the interfaces where the reaction occurs at the cathode and anode surface, the boundary 

conditions are the corresponding cathodic polarization curve and anodic polarization curve, respectively. 

It is assumed that there are only anodic corrosion on the anodic metal and only cathodic reaction on the 

cathodic metal. Relationship between current density (i) and potential (φl) of anode and cathode 

(symbolized as a and c) are displayed in Eq. (3) and Eq. (4) as [39]. ia or ic is the current density flowing 

throughout the surface of the anode or the cathode in the normal direction (n), respectively. All corrosion 

numerical simulations are completed by COMSOL Multiphysics software. 

 

  (3) 

  (4) 

 

2.4 Boundary conditions for numerical simulation of galvanic corrosion  

Communication equipment is composed of three materials. Due to their different corrosion 

potentials, there is a risk of galvanic corrosion. All polarization curves are shown in Fig. 3, and relevant 

polarization parameters are displayed in Table 1. In Fig. 3 it is depicted that the corrosion potential (0.058 

V) of St bolt is the highest, that of Mg shell (-1.362 V) is the lowest, and that of Al shell (-0.051 V) is in 

the middle. Corrosion current densities of St bolt, Al shell and Mg shell are 0.3, 0.9, 20.8 μA∙cm-2, 
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respectively. According to the mixed potential theory and boundary conditions, St bolts and Al shell are 

the cathode, and Mg shell acts as the anode of the galvanic couple. 

 
Figure 3. Polarization curve of communication equipment materials in 3.5% sodium chloride solution. 

 

 

Table 1 Parameters of potentiodynamic polarization curves for communication equipment materials. 

 

Materials Corrosion potential (V) 
Corrosion current density 

(μA∙cm-2) 

Mg -1.352 20.8 

Al -0.511 0.9 

St 0.058 0.3 

 

2.5 Meshing 

According to the characteristics of galvanic corrosion, the corrosion is the most serious at the 

material junction, which needs to be paid attention to, so the mesh division at the junction is very fine. 

It included the adjacent region of Mg shell and Al shell (red solid line rectangular region in Fig. 4(a)) 

and the adjacent region of St bolt and Al shell (red dotted line circle area). Free triangular mesh was 

used. The maximum and minimum cell sizes were 2.26 and 0.0347 mm, respectively. The maximum cell 

growth rate was 1.05 and the curvature factor was 0.2. The rest of the grid was coarse, the maximum and 

minimum cells were set to 40 and 7.2mm, respectively, the maximum cell growth rate was 1.5 and the 
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curvature factor was 0.6. The total number of triangular meshes was 154256, and the average mesh 

quality of triangle was 0.75, which was evaluated by skewness. The grid quality distribution is shown in 

Fig. 4(b). When the legend color changed from red to green, the grid quality increased from 0 to 1. This 

division choice was to ensure the calculation accuracy and reduce the amount of calculation at the same 

time. 

 

 
 

  

 Figure 4. Grid division results of communication equipment (a) and cloud map of grid quality 

distribution (b). 

 

2.6 Salt spray test 

The neural salt spray test is carried out according to the American salt spray test standard (ASTM 

b117-03). The communication equipment is assembled first, then sprayed with coating, and finally put 

into the salt spray test chamber. Take it out after 720 hours, observe and take photos. The salt spray test 

chamber maintains a temperature of 35oC and a corrosion medium of 5 wt.% NaCl solution. A continuous 

spray method is adopted. 

 

 

 

3. RESULTS AND DISCUSSIONS 

3.1 Simulation results of galvanic corrosion of communication equipment 

3.1.1 Effect of electrolyte layer thickness 

Generally, in atmospheric environment, the thickness of electrolyte layer will be less than 1mm 

[40]. Therefore, three thicknesses of 0.05 mm, 0.2 mm and 0.5 mm are selected to calculate the 

distributions of galvanic corrosion potential and current density of communication equipment through 

numerical simulation, shown in Fig. 5, where the coating damage coefficient is very small, and set to 
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0.01 [41]. In order to compare the distribution of potential and current density under different electrolyte 

layer thicknesses, the same color ranges are used, respectively. The potential distributions are between -

1.36 and -0.85 V displayed in Fig. 5(a, c, e). The potential gradually changes from the blue end to the 

red end, indicating that the potential gradually increases. In comparison, the potential distributions under 

different layer thicknesses are basically similar. St bolt surface potential is the highest, Al shell is the 

second, and Mg shell is the smallest. The potential change is most obvious near the contact between Mg 

shell, Al shell and St bolts. In Fig. 5(b, d, f), current density changes from -0.076 to 0.179 mA·cm2. 

According to Eq. (5) [18], the maximum corrosion rate is about 3.91 mm/y; 

 (5) 

Where, m is relative atomic mass (m = 24.3 g), i current density of Mg shell (A·cm-2), n number 

of electrons in electrode reaction (n = 2); ρ density of Mg shell (ρ = 1.82 g·cm-3). 

Positive current and negative current represent anode current and cathode current respectively. 

In general, the current density distributions are very uniform at a far distance from the junction of 

different materials, and the current densities change sharply near the junction. Compared with other 

places, the corrosion rates of Mg shell at the junction are faster. The greater the electrolyte layer thickness, 

the more obvious the galvanic corrosion. This may be because the greater the thickness of the electrolyte 

layer, the smaller the tangential flow resistance of the current along the metal surface, the greater the 

current density on the surface of Mg shell, and the farther the action distance. Therefore, under 0.5 mm 

electrolyte layer thickness, the galvanic current at the junction is larger and changes over a wider distance, 

although the absolute value of galvanic action distance is still relatively small. Compared with the self-

corrosion rate of Mg shell, the maximum galvanic corrosion rate of Mg shell increases by 8 times. 
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Figure 5. Simulation results of galvanic corrosion potential (a,c,e) and current density (b, d,f) 

distribution of communication equipment under different electrolyte layer thickness (d = 0.05, 

0.2, 0.5 mm). 

 

 

It can be roughly known from the simulation results that Mg shell near the contact of the three 

materials of communication equipment is the most seriously corroded. In order to see the simulation 

results more intuitively, as shown in Fig. 6, two places, red dotted line 1 and green solid line 2, are select 

to calculate the potential distribution and current density distribution results, respectively. Both of them 

are lines in the z-o-y plane and the x-axis coordinate is 0 mm. Red dotted line 1 is a straight line parallel 

to the z axis with y = 0 mm, and z from 300 to 0 mm. Green solid line 2 is a line in the range from y = -

15 to y = 25 mm with z = 0 mm, which is parallel to the central axis of the bolt. From the potential 

distributions in Fig. 7(a), the shapes of potential distribution curve are similar, and the potentials reach 

a maximum near each bolt. With the increase of electrolyte layer thickness, the overall potential increases 

and the anodic polarization becomes more serious. In Fig. 7(b), current distributions of three electrolyte 

layer thicknesses have the same characteristic. The results are in accordance with King’s research [19], 

where for Mg-AA2024 couple the increase of electrolyte layer thickness from 1 μm to 1000 μm results 



Int. J. Electrochem. Sci., 17 (2022) Article Number: 221297 

  

10 

in increased anodic polarization of Mg to a further distance and increased throwing power. And the 

potential distribution is similar to that of Stenta [8], where for a Mg-Steel couple the electrolyte layer 

thickness changes from 0.16 mm to 10mm.  

 

 
Figure 6. Schematic diagrams of selected section position (Line 1 and Line 2). 

 

The corrosion current density of Mg shell near the bolt increases, while that away from the bolt 

decreases gradually, with the lowest on both sides. This is because the St bolt has the highest self-

corrosion potential, the highest potential difference with Mg shell, and the galvanic corrosion current 

density is relatively higher. With the increase of electrolyte thickness, the current distribution curve 

moves upward, indicating that the corrosion current density increases as a whole. When electrolyte layer 

thickness is 0.05 mm, current density changes from 0.03 to 0.065 mA·cm2, which is about 1.5 to 3.2 

times of self-corrosion current density of Mg shell. When electrolyte layer thickness raises to 0.5 mm, 

due to the galvanic corrosion acceleration effect, the corrosion rate of Mg shell becomes 2 to 4 times of 

the self-corrosion rate. 

 

 
 

Figure 7. Simulation results of potential (a) and current density (b) distribution of Mg shell surface at 

red dotted line under different electrolyte layer thicknesses. 

 

 

Simulation results of potential and current density distributions of Mg shell at green solid line 

under different electrolyte layer thicknesses are displayed in Fig. 8. From the potential distribution 

results in Fig. 8(a), the potential decreases gradually from Al shell on the left to Mg shell on the right. 

For 0.5 mm electrolyte layer thickness, potential drops from -1.18 V to -1.30 V. When electrolyte layer 
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thickness is 0.2 mm, potential gradually decreases from -1.15 V to -1.32 V. For 0.05 mm electrolyte layer 

thickness, potential changes from -1.10 V to -1.33 V. With the increase of electrolyte layer thickness, the 

potential on one side of Al shell decreases and that on one side of Mg shell increases. The potential 

distribution becomes more uniform. It is shown in Fig. 8(b) that the current densities on one side of the 

Al shell are the cathode current. Current density distributions are similar in shape. With the decrease of 

the distance from Mg shell, the current density increases. The anode current is on one side of Mg shell. 

When the distance from Al shell reduces, the current density raises. For 0.5 mm electrolyte layer 

thickness, the maximum current density is about 6.5 times of the self corrosion current density. In short, 

the closer to the junction of the two, the current density of the anode and cathode increases rapidly. With 

the increase of electrolyte layer thickness from 0.05 mm to 0.5 mm, the current density of anode and 

cathode increases, and the current attenuation speed is faster. In other words, the current density 

distribution is more uniform and the action distance is longer. These potential and current density 

distribution profiles are in agreement with Stenta’s and King’s  results [8,19], who discussed the effect 

of electrolyte layer thickness on current density distribution for Mg-Steel and Mg-AA2024 couple, 

respectively. 

 

 

 
 

Figure 8. Simulation results of potential (a) and current density (b) distribution of Mg shell surface at 

green solid line under different electrolyte layer thicknesses. 

 

3.1.2 Effect of coating damage 

Coating is one of the most commonly used anti-corrosion methods. The coating plays a protective 
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role mainly by physically isolating metal and corrosive medium. Although the ideal coating can inhibit 

corrosion to the greatest extent, the coating will be damaged for various reasons, so as to reduce the 

protection effect, in which the coating damage factor is an important parameter. The coating damage 

factor ( f ) is the proportion of the damage area to the total area, which is a value between 0 and 1 [41,42]. 

The larger the coating damage factor, the larger the damage area, and the worse the protective effect of 

the coating. When considering the effect of coating damage, the polarization curves of uncoated metal 

multiplied by the coating damage factor is used as the boundary condition of galvanic corrosion 

numerical simulation [41]. 

Three values of 0.01, 0.05 and 0.1 are selected to discuss the influence of coating damage factor 

on galvanic corrosion of communication equipment. Simulation results of galvanic corrosion potential 

and current density distribution of communication equipment under different coating damage factors are 

displayed in Fig. 9. The color range of potential distribution diagram data is from -1.42 to -0.66 V in Fig. 

9(a, c, e), and the current density range is between -0.587 and 1.69 mA·cm-2 in Fig. 9(b, d, f). The 

maximum corrosion rate reaches 36.88 mm/y. The potential distribution and current density distribution 

are similar under different damage factors, respectively. Mg shell is used as anode, and the current 

density is positive. With the approach to the Mg shell and St bolts, the current density on the surface of 

the Mg shell increases rapidly and the corrosion accelerates. With the increase of coating damage factor, 

the corrosion rate of Mg shell surface is faster. 
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Figure 9. Simulation results of galvanic corrosion potential and current density distribution of 

communication equipment under different coating damage factors. 

 

Fig. 10 depicts the simulation results of potential and current density distribution of Mg shell 

surface at red dotted line under different coating damage factors. With the increase of coating damage 

factor from 0.01 to 0.1, both the potential in Fig. 10(a) and current density in Fig. 10(b) increase from z 

= 0 to z = 300 mm. Near the St bolt, the potential of the Mg shell is high, which should be due to the 

high self-corrosion potential of the bolt, the high degree of anodic polarization to the Mg shell and the 

corresponding high current density. Due that only anodic dissolution reaction occurs on the metal as 

anode, and only cathodic reduction reaction occurs on the cathode metal. Therefore, the total surface 

current of Mg shell is approximately equal to galvanic current. With the increase of coating damage 

factor, the current density distribution on the surface of Mg shell moves up as a whole, and the total 

current increases. Thiel and Huber [41,43] used numerical simulation method to study the effect of 

coating damage factor on forced current cathodic protection, and found that the increase of damage factor 

increased the cathodic protection current required. According torate the principles of galvanic corrosion 

and cathodic protection, they are essentially the same. The total galvanic current is equal to the cathodic 

protection current. So results are in good agreement with Thiel and Huber’s results. 

When the damage factor is to 0.1, the maximum current density on the surface of Mg shell is 

28.5 times of the self-corrosion rate, while when the damage factor is 0.01, it is only 3.8 times of the 

self-corrosion rate. 
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Figure 10. Simulation results of potential (a) and current density (b) distribution of Mg shell surface at 

red dotted line under different coating damage factors. 

 

 

 
 

Figure 11. Simulation results of potential (a) and current density (b) distribution of Mg shell surface at 

green solid line under different coating damage factors. 

 

 

Simulation results of potential and current density distribution of Mg shell surface at green solid 

line under different coating damage factors are shown in Fig. 11. The potential decreased gradually from 

z = -15 mm to z = 25 mm. With the increase of coating damage factor from 0.01 to 0.1, the potential 

distribution changes from the range from -1.154 to -1.320 V to the range from -1.058 to -1.343 V, which 
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is more uneven. When coating damage factor raises to 0.1, the maximum current density on the Mg shell 

of the solid green line increases to 1 mA·cm2, which is 500 times of self-corrosion rate of Mg shell. And 

the distribution of current density is relatively uneven, and the action distance of galvanic couple is 

shorter. 

 

3.2 Salt spray test result  

Fig. 12 is the macro photo of the surface after 720 hours of service. It can be seen that there is no 

corrosion trace on the aluminum alloy shell and bolts, and there is obvious corrosion on the surface of 

magnesium alloy, mainly near the connection between magnesium alloy and bolts (area of red circle 1), 

near the contact between magnesium alloy and aluminum alloy (area of red circle 2), and at the damaged 

coating on the surface of magnesium alloy (area of red circle 3). 

 

 

 
 

Figure 12. Macro corrosion photos after 720h salt spray test of communication equipment. 

 

 

Combined with numerical simulation results of galvanic corrosion of communication equipment 

and salt spray test result, corrosion mechanism of communication equipment is inferred as follows. 

In the initial stage, the coating plays a good role in mechanical isolation, so the Mg shell does 

not corrode and there is no galvanic effect shown in Fig. 13(a). In the coating deterioration stage, 

corrosive medium gradually intrudes into the interface between metal and coating in Fig. 13(b), isolation 

effect of the coating gradually decreases, and the Mg shell corrodes. For corrosion of magnesium alloy, 

anodic process and cathodic process are dissolution of magnesium as Eq. (6) and hydrogen evolution as 

Eq. (7), respectively. Total corrosion electrochemical reaction is as Eq. (8), and corrosion product 

Mg(OH)2 and hydrogen generated [44-49].  

 

Anodic reaction:  (6) 

Cathodic reaction:  (7) 

Total reaction:  (8) 
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Figure 13. Schematic diagram of corrosion mechanism of communication equipment：(a) Initial stage; 

(b) Coating deterioration stage; (c) Coating cracking and falling off stage; (d) Galvanic corrosion 

acceleration stage. 

 

This corrosion product layer was not able to protect the Mg shell from corrosive attack [50], the 

hydrogen can’t overflow smoothly, and a large stress will be generated at the interface between the Mg 

shell and the coating. When it accumulates to a certain extent, the coating will blister (Fig. 13(b)) and 

crack (Fig. 13(c)) [51], and the anodic process is promoted [45]. In addition, galvanic corrosion effect 

of communication equipment gradually increases, and corrosion of Mg shell as an anode accelerates, 

especially near the Al shell and bolts, which will accelerate and lead to blistering and cracking of the 

coating in Fig. 13(b-c). Finally, with the damage of Mg shell coating, galvanic corrosion was further 

strengthened [52-54] and corrosion of Mg shell was further accelerated, resulting in corrosion failure of 

the whole communication equipment shown in Fig. 13(d). 

From the numerical calculation and salt spray test, the overall trend of the two results is consistent. 

Due to the large potential difference between the constituent materials of communication equipment, the 

galvanic corrosion effect is very strong, especially the corrosion rate of magnesium alloy near the bolt 

and the aluminum alloy shell. 

According to this mechanism and the simulation results of galvanic corrosion of communication 

equipment, the following suggestions are put forward to reduce the corrosion rate: firstly, select a better 

anti-corrosion coating to enhance the isolation effect of the coating and inhibit corrosion; Reduce the 

thickness of electrolyte layer on the surface; Replace the St bolt with material with lower potential to 

reduce the potential difference and reduce the corrosion rate. 

 

4. CONCLUSIONS 

A communication equipment is composed of Al shell, Mg shell and St bolts, which is applied in 

atmospheric environment. From the perspective of numerical calculation of galvanic corrosion of 

communication equipment, based on Ohm's law and charge conservation law, the potential control 

equation in the thin electrolyte layer on the surface of communication equipment is established. Taking 
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the material polarization curve as the boundary condition, the distribution of potential and current density 

on the surface of communication equipment is solved, and the effects of thin electrolyte layer thickness 

and coating damage factor on galvanic corrosion of communication equipment are analyzed. The 

simulation results are basically consistent with the experimental results of salt spray acceleration 

corrosion. Based on these results, the causes of corrosion of communication equipment are analyzed, 

and the corresponding anti-corrosion suggestions are put forward. For galvanic corrosion of complex 

structures, numerical simulation provides an efficient and cost-effective way for corrosion prediction 

and evaluation, which has important engineering significance. 
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