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Abstract: Recent years, electric safety in underground mining is one of top leading priority in 
manufacturing management of VietNam coal mines. It covers a wide range of areas, including the 
extraction of coal resources, residential infrastructure, commercial establishments, and public 
facilities. Because of applying modern and advanced technologies as well as high-tech apparatus, 
the structure of underground mining networks becomes more complex with higher rated voltage. 
One key aspect of electrical safety in Vietnam is the adoption of international standards and best 
practices, particularly those outlined in the International Electrotechnical Commission (IEC) 
standards. These standards serve as a foundation for the development of Vietnamese electrical 
safety requirements and help ensure compatibility and interoperability with global electrical 
systems. To meet this standard, leakage relays working on leakage current in underground mines 
must operate securely and reliably, hence understanding deeply the parameters influencing on 
leakage currents is necessary and important. By analyzing all possible structures in low voltage 
grids of underground mines in VietNam, the paper will identify the most impact parameters which 
influence on rms of leakage current for generous observation. Some technical solutions will also be 
proposed for improving the electrical safety which obtaining the reduce of leakage current. The 
outcomes computing the values of the current will be implemented in MATLAB for verifying the 
proposed solution. 

1. INTRODUCTION ABOUT ELECTRICAL SAFETY IN UNDERGROUND MINES 
OF VIETNAM 

In Vietnam underground coal mines, there are more and more advanced and modern 
electrical devices are equipped for serving faster and better the demand of increasing coal 
productivity. The great number of connected apparatuses to main 6kV/660V transformer 
substation causes changes in the grid's structure and parameters, which also introduces the 
risk of electrical hazards for electricians [11]. Most electrical networks feature a leakage 
protection relay, c
activate whenever a leakage current occurs within the 660V grid, and its signal is 
transmitted to the switching protective device, a low-voltage circuit breaker located at the 
start of the 660V outgoing feeders. Figure 1 illustrates a typical diagram of a 660V electric 
power system supplying energy to an underground mine area, displaying the connection of 
the transformer and the leakage relay. Figure 2 exhibits the connection of the relays with 2 
separate earthing rods spaced 5m apart.  

Not only Vietnamese requirements, but also international ones [1-7], the electrical safety 
in mining (in specific) and in industry (in general) is the top priority that all the managers 
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must concern. Enhancing electrical safety in underground mines in Vietnam is of paramount 
importance due to several following critical reasons: 

+ Worker Safety: The primary concern is the safety of underground mine workers. 
Electricians and miners often work in close proximity to electrical equipment and systems. 
Ensuring electrical safety is crucial to protect them from potential electrical hazards, 
including electric shocks, fires, and explosions. 

+ Preventing Accidents: Electrical accidents can have catastrophic consequences in 
underground mines. Fire or explosion incidents can lead to injuries, loss of life, and 
extensive damage to mining infrastructure. Enhancing electrical safety helps minimize the 
risk of such accidents. 

+ Compliance with Regulations: Adhering to national and international safety standards 
and regulations is essential. Failure to do so can result in legal repercussions and penalties 
for mine operators. Enhancing electrical safety ensures compliance with these standards. 

+ Operational Continuity: Electrical failures can disrupt mining operations, leading to 
downtime, production losses, and increased costs. A robust electrical safety framework 
helps maintain operational continuity by reducing the likelihood of electrical failures. 

  

Figure 1. 660V grid in underground mines of VietNam [15], [33] 

+ Economic Viability: Mining is a significant contributor to Vietnam's economy. 
Ensuring electrical safety in underground mines is essential for sustainable growth. 
Reducing accidents and operational disruptions safeguards the industry's economic viability. 

+ Technological Advancements: The mining industry is evolving with the integration of 
advanced technologies, such as automation and remote monitoring. These technologies rely 
heavily on electrical systems. Enhancing electrical safety is crucial to harness the benefits of 
these innovations while mitigating risks. 

+ Environmental Protection: Electrical incidents can lead to environmental pollution and 
contamination. Leaks, fires, or explosions may release hazardous materials or cause 
ecological damage. Enhanced electrical safety measures help protect the environment 
surrounding the mining site. 

+ Reputation and Investment: A commitment to electrical safety improves the reputation 
of mining companies and can attract investment. Investors are more likely to support 
operations that prioritize safety and sustainability. 
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+ Long-Term Sustainability: A focus on electrical safety contributes to the long-term 
sustainability of underground mining in Vietnam. By preventing accidents and ensuring 
reliable operations, the industry can thrive and continue to provide essential resources. 

  Because of the importance of electrical safety in mining industry [26-30], many 
researches [8-10], [22] proposed solutions for precaution or pre-assessment if the accident 
should sudden arises. Other one recommend equipment for fast detecting or eliminating the 
cause of accident [12-14], [16-20], [21-26]  

In accordance with Vietnamese National safety regulations [11], [12], [15], [32], all 
metal frames of motors and electrical equipment must be connected to two grounding 
systems: one is an individual grounding rod, and the other is the centralized grounding 
system situated at the transformer substation. An illustration of these systems can be found 
in Figure 3. 

  

Figure 2. Leakage relay at transformer 

substation of underground mining grid in 

VietNam [15], [33] 

Figure 3. 660V grid in underground mines of 

VietNam [15], [33] 

In this figure, by earthing the metal 
parts of uncovered accessories, the 
accidental leakage current could have 
easy path to close-circuited back to 
earthing relay, the excursion of current 
is presented in figure 4. As described 
in [15] and [32] the root-means-square 
(rms) of the current, hence the 
sensitivity of the relay depends on 
many internal factors of the grids 
including: the length of cables, the 
number of energy supplied equipment, 

those factors and their impact on 
leakage current could assist the mining 
technicians optimize the operation as 
well as the reliability of relay [13], 
[15], [23], [31]. A part from many 
above mentioned studies, two typical parameters of 660V grids in Vietnam coal mines are 
eliminated in calculation the earthing current. The main aim of the paper is to focus on the 

 

Figure 4. The expression of leakage current feeding 

back to leakage relay  typed  
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load ratio and various structure of 660V network to identify their impact on 660V leakage 
current, then propose solutions for improving the electrical safety. 

2. BASIS THEORY OF LEAKAGE CURRENT CALCULATION IN 660V 
UNDERGROUND MINES 

To analyze electrical safety, it is necessary to determine the current that flows through a 
person upon touching electrically conductive components of the grid. The magnitude of this 
current is calculated using the following equation (1) [31], [32], [33]. 

    (1)  

Where gn- n = 1/Rng; 

C-compensated capacitance; 

L- inductance of compensation coil, the coil is mankind connected to neutral point of the 
grid; 

When the capacitance element of the grid is partially compensated, the current value is 
calculated by equation (2), and when it is fully compensated, the current is determined using 
equation (3). 

 (2) 

 

 (3) 

In equ
strongly on 2 factors:  

+ Ccd-Capacitance elements of grid (which is proportional to the length of feeders and the 
numbers of apparatus connected to grid [32], [33]; 

+ Rcd-insulation resistance of grid..  

Those quantities in previous researches are supposed to be independent with load ratio 
and structure of the grids. Hence, the next part of the paper, these factors will be the main 
aims for analysis to the rms of leakage current. 

LEAKAGE CURRENT 

 

According to the accounting data [32], [34] there are three kinds of grid structure in 660V 
underground mining grids: single routine, two branches and skeleton, the simulation 
diagrams of those structures are presented in figure 5, 6. 
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Figure 5. The diagram of single routine grid 

 

Figure 6. The diagram of skeleton grid Implementing the simulation  

in MATLAB, the outcomes are shown in figure 7 and 8 

 

Figure 7. The block diagram showing the calculation of leakage current Ir  

in various structure of grid 



 Earth and Environmental Sciences, Mining for Digital Transformation, Green Development  
and Response to Global Change 

  

33 

 
Figure 8. The graph of Ir = f(t) corresponding to various structure of grid 

leakage current has a significant bias (66.9 mA compare to 91.07mA). 

3.2. Analyzing the impact of load ratio on leakage current 

 Implementing in the same grid with parameters exhibited in  

 
Figure 9. The block diagram showing the calculation of leakage current Ir with load variation 

 
Figure 9. The block diagram showing the calculation of leakage current Ir with load variation 
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Figure 10. The graph of Ir with load variation 

3.3. Other results from various underground mines 

The simulations are implemented with some typical underground coal mines in 
QuangNinh of VietNam, the outputs are presented in table 1 to table 2: 

Table 1: Results presenting the impact  of Load on leakage current  

Name Unom (V) Structure Ratio of Load/full load 
Rms of leakage 
current (mA) 

QuangHanh 

660 Skeleton 20% 41,2 

660 Skeleton 50% 62 

660 Skeleton 70% 87,6 

DuongHuy 

660 Skeleton 20% 48,2 

660 Skeleton 50% 68 

380 Skeleton 50% 63,6 

HaLam 

660 Skeleton 20% 49,8 

660 Skeleton 50% 73,6 

660 Skeleton 70% 83,1 

660 Skeleton 95% 98,7 

ThongNhat 

660 Single-routine 20% 51,4 

660 Single-routine 50% 64 

660 Single-routine 70% 77,6 

Table 2: Results  

Name of Coal 
mines 

Unom (V) Structure Ratio of Load/full load 
Rms of leakage 
current (mA) 

QuangHanh 
660 Skeleton 70% 87,6 

660 Single-routine 70% 71 

DuongHuy 
660 Skeleton 50% 83,6 

380 Single-routine 50% 68 

HaLam 
660 Skeleton 50% 83,1 

660 Single-routine 70% 73,6 
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ThongNhat 
660 Skeleton 70% 77,6 

660 Single-routine 70% 61,4 

3.4. Conclusion 

and load ratio. The results deducted from the computing process show the following 

conclusion: 

+ Corresponding to 3 typical structure of 660V underground mining grids, there are 

significant difference of leakage currents, the difference is nearly 50% and all of results are 

violate the allowance limit [11-13], therefore the manager should consider from designing stage 

for applying single routine diagram to reduce the rms of leakage current. 

+ When the load is varied, the bias of Ir is about 15%, it is not so big, therefore the impact of 

load ratio could partly ignore in analyzing the electrical safety in underground mines. 

+ In both cases, when no capacitance compensation is implemented, the rms of earthing 

current is violated the domestic and international allowance limit, hence there should be 

additional technical methods to enhance this unwanted fact. 
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