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In order to detect the current flowing through concealed conductor, this paper proposes a new method based

on derivative method. Firstly, this paper analyzes the main peak characteristic of the derivative function of

magnetic field generated by a current-carrying conductor, and a relationship between the current flowing

through the conductor and the main peak of the derivative function is obtained and applied to calculate the

current. Then, the method is applied to detect the conductor current flowing through grounding grids of

substations. Finally, the numerical experimental and field experiment verified the feasibility and accuracy of

the method, and the computing results show that the method can effectively measure the conductor current of

grounding grids with low error, and the error is within 5 %.
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1. Introduction

With the wide application of electric power, there are

lots of current-carrying conductor in practical engineer-

ing, which are hidden where it is difficult to measure

current, such as buried cable, submarine cable [1], buried

pipeline [2, 3] or grounding grids of substation [4, 5].

Generally, in order to evaluate the running status or safety

situation of conductor, the current flowing through the

conductor need be known. Hence, it is significant to

propose a non-contact measurement method to detect the

conductor current.

The grounding grids in substation can guarantee safety

operation of the substation and has a vital significance for

the substation [6]. When there is lightning current or

failure current in power grid, grounding grids provide a

discharging channel to current [7], hence the conductive

ability of each conductor of grounding grid is of great

importance as the grounding grid is responsible for the

stable operation of the power system, safety of the power

the power equipment and the personnel working at power

grid. Generally grounding grids are made up of iron or

galvanized iron and corrosion can occur with the passage

of time. Mastering the conductive ability of each conductor

of grounding grid can provide references for diagnosing

the corrosion state of grounding grid [8]. However, Typi-

cally, the grounding grid is made out of bare copper or

iron conductors, which are buried about 0.3-2 m deep

under the ground, it is difficult to directly measure the

current flowing through conductor of grounding grid by

normal methods [9]. Ma et al. [10] inject the square wave

current with high frequency (~500 Hz) and high current

(~10A maximum) into the grid and measure the surface

magnetic induction intensity to investigate grounding grid

integrity. Dawalibi [11] injected a 100-A direct current

into the down-lead wire and measured the surface mag-

netic field to explore the break point diagnosis of ground-

ing grids based on electromagnetic theory. Liu et al. [12]

injected a current of 300 Hz into the down-lead conductors,

to measure the surface magnetic induction intensity, and

developed a complete detecting system for corrosion or

break point diagnosis. Zhang et al. also use the electro-

magnetic method to diagnosis of breaks in substation’s

grounding grid [13]. Above method all directly measure
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the magnetic field to explore the topology, corrosion state

and break-point of grounding grid. However, the research

about current detection of grounding grid is less. 

The paper is organized as follows: the mathematical

method for detecting conductor current will be introduced

and a relationship between the current flowing through

conductor and the main peak of derivative function is

obtained. Then, a numerical experimental and a field

experiment are used to verify the feasibility and accuracy

of the method. Finally, the method is applied to detect the

current flowing though the conductor of grounding grid

and the conclusion ends the paper.

2. Measurement Method for Current 

Detection

Grounding grids of substation are composed by a lot of

conductors in finite length. As shown in Fig. 1, a single

current-carrying conductor MN is buried in the xoy plane

under the ground, the length of the conductor is L, and the

xoy plane is h meters away from the ground. The con-

ductor is on the x-axis. The length of OM is L1, the length

of ON is L2, the current flowing through the conductor is

I. There is a point P, the vertical distance from P to the

conductor is ρ, the angles between OP and x-axis, NP and

MP are θ, ϕ1 and ϕ2 respectively. The soil of ground is

assumed as homogeneous medium with single layer and

the permeability is μ. The magnetic flux density at point

P is B, and the x component and z component are B
x
, B

z

respectively. Due to the high resistivity of soil, the

conductor’s leakage current in the soil can be ignored.

According to the Biot-savart law, the B
z
(x) can be

described,

 (1)

Where, , 

We only take the derivative of B
z
(x). Eq. (1) includes

sinϕ1 and sinϕ2, and it is cumbersome to take the

derivative of sinϕ1 and sinϕ2, so the process of the

derivation should be simplified as follows,

When , 

The differentiation results of B
z
(x) are not influenced by

. Similarly, the 1st-, 3rd- and 5th-

order derivatives of B
z
(x) can be expressed by follows

equations.

 (2)

Setting I = 1A, h = 1m, L1 = L2 = 3m. The B
z
(x), 1st-,

and 3rd- order derivatives of B
z
(x) can be calculated and

the distribution of the derivatives at y = 0m, y = 1m and

y = 2m show in Fig. 2.

It can be seen from Fig. 2 that there is a main peak at

the position of the conductor. So if we assume the value

of the main peak is F, and the value of 1st- and 3rd-order

derivatives of B
z
(x) are  and  respectively.
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Fig. 1. (Color online) Finite length current-carrying conductor

model.
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When Li >> h, Eq. (3) can be simplified as

 (5)

Eq. (5) succinctly describe the relationship between

conductor current and , , so the conductor current

can be directly calculated by Eq. (3) and Eq. (4) when

known  or . As shown in Table 1, the conductor

current can be calculated by the distribution of the

derivatives at y = 0. 

Table 1 shows that the setting value of conductor

current is 1A, and the calculation value calculated by 

and  are 1.001A and 1.004A with 0.1% and 0.4%

error respectively. The result indicates that the value of

main peaks of derivatives functions of Bz(x) can be

applied to detect the current flowing through conductor. 

3. Experimental Verification

3.1. Lab Experiment

As showed in Fig. 3, the small model of conductor with

Ø3.5 mm copper wire. An F.W. BELL Model 7010 gauss/
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Table 1. Comparison of the calculation results with the setting

values in derivative method.

Derivative method Real value 

(A)B
z

1(x) B
z

3(x)

The value of main peak F  1.9 × 10−7 1.2 × 10−6 −

Conductor current I(A) 1.001 1.004 1.000

Error (%) 0.1 0.4 −

Fig. 2. (Color online) The derivative method computing result of B
z
(x) and section diagram.
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tesla meter is used to measure magnetic flux density by

utilizing a Hall Effect probe and the probe height from

the experimental grid is h = 30 mm. A current of 15.5 A

is injected from node 1 and flowed out from node 2. A

3D numerical control motor platform is applied to measure

the magnetic flux density in the vertical direction on line

B1. For measurement on a line, the total number of

measurement points is 200, the point spacing is 1 mm, the

stabilization time of probe at each point is 2s, and the

moving speed of the probe is 0.5 mm/s as shown in Fig.  4.

With the derivative method, the 1st- and 3rd- order

derivative of Bz(x) is obtained, and a low-pass filter is

used to filter noise signal as shown in Fig. 5 and Fig. 6.

According to Eq. (3) and Eq. (4), the current in conductor

can be calculated as shown in Table 2.

The Fig. 5 and Fig. 6 show there is a main peaks over

the conductors on Bz

1(x) and Bz

3(x) respectively, and the

current flowing in the conductor can be calculated by the

method proposed in the paper. According to Eq. (4) and

Eq. (5), the main peaks of B1 and B3 is applied to

calculate the conductor current. As Table 2 shows that the

computing results are 15.9001A and 16.0521A with 2.58

% and 3.56 % error, respectively. The results indicate that

the derivatives can be used to detect the current flowing

through grounding grids with low error.

3.2. Field experiment

A field experiment was performed at an abandoned

substation as shown in Fig. 7 and Fig. 8. The measuring

area is 220 cm long, there is scale plate marking measur-

ing spots on the measuring area. According to the

blueprints of the substation, there is only one conductor of

Fig. 3. (Color online) Setup model.

Fig. 4. (Color online) Experiment platform.

Fig. 5. (Color online) The distribution of B
z
(x)1.

Fig. 6. (Color online) The distribution of B
z
(x)3.

Table 2. Comparison of the calculation results with the setting

values in derivative method.

Derivative method Real value

 (A)B
z

1(x) B
z

3(x)

Conductor current I(A) 15.9001 16.0521 15.50

Error (%) 2.58 3.56 −
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grounding grid in the measuring area, the conductor

connect with two risers, the two risers are away from 270

cm as shown in Fig. 7, and the buried depth of the

grounding grid is 0.8m.

In the experiment, a current of 19.56 A is injected from

the riser 1 and flowed out from riser 2 as shown Fig. 8.

The magnetic flux density in the vertical direction on line

B1 is measured. The measurement point spacing is 10

cm. Fig. 9 shows the measuring results.

With the derivative method, the 1st-order derivative of

Bz(x) is obtained as shown in Fig. 9. Generally, the length

(L) of branch conductor of grounding grid is from 8m to

15m, and the druid depth (h) is form 0.6m to 1m. Due to

L >> h, the conductor current can be obtained according

to Eq. (4) and Eq. (5), and the computing result I =

18.88A. Comparing with real value 19.56A, the error of

conductor current is 3.48 %. The result indicates that the

method can detect effectively the current flowing though

grounding grids with low error. 

4. Conclusion

This paper proposed a new method to detect the current

flowing through concealed conductor. It is verified that

the relationship between the current flowing through con-

ductor and the main peak of the derivative function can

be applied to detect the current. The method is applied to

detect the conductor current flowing through grounding

grids of substation. The lab and field experimental results

show that the method can effectively measure the current

flowing through grounding grids with low error, which

provides a new method to detect current flowing through

concealed conductors, such as grounding grids or other.
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