
International Journal of Engineering Science and Computing, March 2016            2188                                                            http://ijesc.org/ 

DOI 10.4010/2016.529 

ISSN 2321 3361 © 2016 IJESC                                                                                                   
                                                          
 

 

 

Determination of the Sheath Current of High Voltage Underground 

Cable Line by Using Statistical Methods 
Bahadir Akbal 

Engineering Faculty 

Department of Electrical and Electronic Engineering 
  Selçuk University, Konya, Turkey 

                      
Abstract: 
 High voltage cables have an insulation layer, so electroshock and short circuit risks of high voltage underground cable lines are 

lower than overhead lines. Insulation layer of high voltage cables is covered by metallic sheath to protect insulation material, but 

the sheath current generates on metallic sheath. The sheath current causes electroshock for human, cable fault and reducing of 

cable performance. If the sheath current of high voltage underground cable line is determined before high voltage underground 

cable line is installed in project phase, the required precautions can be determined according to the sheath current value. Thus, the 

sheath current should be determined in project phase, but many factors are effect on the sheath current. Therefore, formulation of 

the sheath current is very difficult and complex, so the sheath current can be forecasted. In this study, statistical methods are used 

to examine the sheath current, and simulations of high voltage underground cable lines are made by PSCAD/EMTDC. Simulation 

results are used to forecast the sheath current, and the sheath current is forecasted by regression. The forecasted sheath currents 

with regression are very close to the real sheath currents which are obtained in PSCAD/EMTDC.  Unbalanced current, length of 

high voltage underground cable line, distance between phases and grounding resistance are effect on the sheath current. The 
correlation between these factors and the sheath current is examined by Pearson Correlation Technique.  

 

Keywords: Cable faults, correlation, electroshock risk, high voltage underground cables, regression, statistical methods, the 

sheath current. 

 

I.           INTRODUCTION 

Short circuit and electroshock risks are important issues for 

electrical networks. Recently, the builds for humans have been 

made close to electrical network in city center. If electrical 

network is made as overhead line, short circuit and 

electroshock risks increase. Thus, electrical networks are made 

as underground cable line in city center and crowded areas; 
also high voltage underground cables are used for high voltage 

distribution. High voltage underground cables have an 

insulation layer, so short circuit and electroshock risks of high 

voltage underground cable lines are lower than overhead lines. 

Metallic sheath is used to protect insulation layer in high 

voltage cable, also XLPE insulation is used for insulation 

layer. A high voltage underground cable is shown in Figure 1 

[1]. 

 

FIGURE 1 

HIGH VOLTAGE UNDERGROUND CABLE [1] 

Metallic sheath protects insulation layer, but the sheath current 

generates on metallic sheath, so the sheath voltage induces on 

metallic sheath due to the sheath current. When the sheath 

current increases, the sheath voltage increases. Thus, 

electroshock and cable fault risks generate due to high sheath 

voltage. Also, the sheath current increases cable temperature, 

so cable ampacity reduces. Namely, the sheath current causes 
electroshock risk, short circuit and reducing of cable 

performance. Therefore, the sheath current value must be 

reduced on metallic sheath to prevent its negative effects, and 

metallic sheath must be grounded to reduce the sheath current 

effect. Single-point bonding, solid bonding and cross bonding 

are used to ground metallic sheath of high voltage 

underground cable [2]. These bonding methods are 

respectively shown in Figure 2, Figure 3 and Figure 4. 

 

 

FIGURE 2 

SINGLE-POINT BONDING 
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FIGURE 3 

SOLID BONDING 

 

 

FIGURE 4 

CROSS BONDING 

In single-point bonding which is shown in Figure 2, sheath 

circuit is open, so the sheath current does not occur. However, 

if length of high voltage underground cable line increases, the 

sheath voltage excessively increases, so single-point bonding 

is not suggested for long length high voltage underground 

cable lines. In solid bonding and cross bonding, sheath circuit 

is close, so the sheath current and voltage occur on metallic 

sheath of high voltage cable. The sheath current value of cross 

bonding is lower than the sheath current value of solid 

bonding. However, the sheath voltage value of solid bonding 
is lower than the sheath voltage of cross bonding [3-6]. Also, 

reactor and resistance are used to reduce the sheath current, 

but the sheath current value must be known before reactor and 

resistance are used because if the sheath current is high, high 

voltage can be generates due to reactor or resistance [7]. It is 

seen that the most suitable bonding for grounding of metallic 

sheath is selected according to the sheath current value.  

Primarily, high voltage underground cables is designed and 

planned according to load working conditions. This phase is 

called as project phase, and the designed high voltage 

underground cable line is installed in installation phase. If the 
required precautions are considered to reduce the sheath 

current effect in project phase, these precautions are 

implemented in installation phase. Thus, short circuit and 

electroshock risks can be prevented during working 

conditions. Namely, if the sheath current of high voltage 

underground cable line is forecasted in project phase, the 

required precautions can be taken to prevent the sheath current 

effects. 

Statistical methods are used for forecasting studies in literature 

[8-11]. In this study, regression is used as statistical method to 

forecast the sheath current of high voltage underground cable 
line. In regression, a mathematical model is generated by 

using experimental data. Thus, simulations of high voltage 

underground cable lines are made by PSCAD/EMTDC to 

generate experimental data, and mathematical model is 

generated by using experimental data.  

 

II. MATERIAL AND METOD 

 

In this study, the sheath current is examined by using 

statistical methods. Primarily, simulations of high voltage 

underground cable lines are made with PSCAD/EMTDC to 

obtain mathematical model. 

A. High Voltage Underground Cable Line Simulations 

Electromagnetic transient programs are generaly used for 

simulations of high voltage underground cable lines [12,13]. 

PSCAD/EMTDC simulation program is used for simulation 

studies of high voltage underground cable lines in this study. 

High voltage underground cable line is occurred after high 
voltage underground cable is modelled in PSCAD/EMTDC. 

The modelled cable is shown in Figure 5. 

 

FIGURE 5 

THE MODELLED HIGH VOLTAGE UNDERGROUND CABLE 

Before the sheath current studies are made with 

PSCAD/EMTDC, formation conditions of the sheath current 
are examined. Unbalanced load current is an important effect 

factor for formation of the sheath current [14]. If unbalanced 

load current increases, the sheath current increases. High 

voltage underground cable formations affect to formation the 

sheath current [15,16]. Configurations of high voltage 

underground cable line are trefoil and flat configurations. 

These configurations are shown in Figure 6.  

 

 
FIGURE 6 

CONFIGURATIONS OF HIGH VOLTAGE UNDERGROUND CABLES 

Another factor is distance of between phases. If distance 

between phases is increased, the sheath current reduces. 

Grounding resistance is effect to the sheath current value. If 

the grounding resistance increases, the sheath current reduces.  
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Thus, reactor and resistance are used in grounding of metallic 

sheath to reduce the sheath current effects. Also, eddy and 

hysteresis losses generate on metallic sheath, but values of 

these losses is lower than the sheath current loss. Thus, these 

losses are ignored in the sheath current studies [18]. It is seen 

that many factors are effect in formation of the sheath current. 
However, the correlations between these factors and the sheath 

current are not known. Hence, the correlations between these 

factors and the sheath current are made by Pearson Correlation 

Technique. Also, estimation of the sheath current is made by 

regression. Correlation and regression are statistical methods. 

B. Regression 

Regression is used for forecast studies, and it is widely used in 

electrical load estimation studies. In regression, relationship 

between dependent and independent variables is examined 

with y=f(x) function. Where, y is dependent variable, and x is 

independent variable. Primarily changing diagram of between 

dependent and independent variables is drawn, and a 

mathematical model is generated to obtain correlation of 

between dependent and independent variables. These 

processes are shown in Figure 7. 

 
FIGURE 7 

REGRESSION PROCESSES  

 

This mathematical model can be linear or spline functions. 

Forecasting studies can be made after mathematical model is 

generated. Regression results are the results of forecasting 

studies. Namely these results are not real value, so forecasting 

errors generates at the end of regression. Regression error 

changes according to relationship between dependent and 

independent variables. If relationship of between dependent 

and independent variables is strong, regression error is low. 

Relationship between dependent and independent variables is 
examined with correlation technic. In correlation technic, 

relationship between dependent and independent variables is 

determined with correlation coefficient.  

 

1) Simple Linear Regression 
 

In simple linear regression, there are a dependent variable and 

a independent variable, and realiationship between these 

variables is defined with Equation (1). 

 

y a bx                                             (1) 

 

Where, y is dependent variable, x is independent variable, a 

and b are regression coefficients, and ε is error. a and b are 

calculated with mean square error method, and it is defined in  

Equation (2).  

 
2

( )y a bx                                           (2) 

 

Primarily, partial derivatives of Equation (2) according to a is 

set equal zero, afterwards partial derivatives of Equation (2) 

according to b is set equal zero. Thus, minimum value of ε is 

calculated.  

 2 ( ) 0
d

y a bx
da


                              (3) 

 2 ( ) 0
d

y a bx
db


                               (4) 

y a b x                                                  (5) 

2.x y a x b y                                            (6) 

a  and b coefficients are calculated with Equation (5) and 

Equation (6). 

 

2) Multiple Regression 
 

Linear reliationship between a dependent variable and many 

independent variables is examined in multiple regression.  

 

1 1 2 2 3 3. . . ... .n ny a b x b x b x b x                      (7) 

 

Where, y is dependent variable, x1,x2,x3,…,xn are independent 

variable, a and b are coefficients, and ε is error. Where, error 

can be calculated with mean square error.  

1 1 2 2. .y a b x b x                                (8) 

Equation (9), Equation (10) and Equation (11) must be solved 
in multiple regression. 

1 1 2 2. . .y n a b x b x                            (9) 

2
1 1 1 1 2 1 2. . . . .x y a x b x b x x                  10) 

2
2 2 1 1 2 2 2. . . .x y a x b x x b x                 (11) 

 

3) Spline Regression 
 

If realiationship between dependent and independent variables 

is a curved curve, this is solved with spline regression, and this 
is defined with Equqtion (12). 

 
2y a bx cx                                     (12) 

 

Where, y is dependent variable, x is independent variable, a,b 

and c are coefficients, and ε is error. Error can be calculated 

with mean square error in Equation (13). 

 
2 2 2 2( ' ) ( )y y a bx cx y         (13) 

 

Where, y’ is the estimated parameter vale, and partial 

derivatives is necessary  according to a, b and c coefficients.  

22. ( ) 0
d

a bx cx y
da


                         (14) 

22. ( ). 0
d

a bx cx y x
db


                      (15) 

2 22. ( ). 0
d

a bx cx y x
dc


                     (16) 

Equation (17), Equation (18) and Equation (19) must be 

solved to obtained values of a, b and c coefficients [17,18]. 
2. . .y n a b x c x                                 (17)  
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2 3. . . .x y a x b x c x                               (18) 

2 2 3 4. . . .x y a x b x c x                           (19) 

 

III. EXPERIMENTAL RESULTS 

In simulation studies, 146 numbers different high voltage 

cable lines are modelled, and simulation results of these high 

voltage cable lines are used to forecast the sheath current. 

Unbalanced load current, length of high voltage underground 
cable line, distance between phases and grounding resistance 

affect the sheath current of high voltage underground cable 

line. 

A. Correlation Results 

In correlation process, Pearson Correlation Method is used, 

and correlation results are shown in Table I. In Table I, Is is 
sheath current, d is distance between phases, L is length of 

high voltage cable line, Iub is unbalanced load current.  

   

TABLE I 

Correlations  

  Is Rg d L Iub 

Is 

Pearson 

Correlation 1 -,523 -,215 ,256 -,239 

Sig. (2-

tailed) 

  

,000 ,009 ,002 ,004 

N 146 146 146 146 146 

 

Where, correlations between these factors and the sheath 

current are determined with Sig. (2-tailed). If Sig. (2-tailed) 

value is less than 0.05, there is correlation between this factor 
and the sheath current. Namely, it is said that this factor is 

effect to formation of the sheath current. For example, Sig.(2-

tailed) between Is and d is 0.009, and this value is less than 

0.05. Thus, d is effective on the sheath current value. It is seen 

in Table I that these factors are effective on the sheath current 

value because Sig. (2-tailed) value of these factor are less than 

0.05. Correlation level between variables is determined with 

Pearson Correlation coefficient, and Pearson Correlation 

coefficient is between zero and one. If Person Correlation 

coefficient is close to zero, correlation between two variables 

is low. If Person Correlation coefficient is close to one, 

correlation between two variables is strong. It is seen that in 
Table I that correlation between grounding resistance and the 

sheath current is stronger than the other factors. 

B. Regression Results 

In this study, multiple linear regression is used to forecast the 

sheath current, and a mathematical model is generated by 

using simulation results. Regression study is made by SPSS 
program, and its result is shown in Table II. 

 

 

 

 

 

 

 

 TABLE II 

REGRESSION COEFFICIENTS   

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

B Std. 
Error 

Beta 

1 

(Constant) 1,250 ,505   2,476 ,014 

L ,007 ,001 ,737 12,914 ,000 

d 

-

1,699 ,652 -,127 -2,606 

        

,010 

Rg -,121 ,008 -1,013 

-

15,034 ,000 

Iub ,006 ,001 ,285 4,825 ,000 

 

Where, independent variables are L, d, Rg and Iub. Dependent 

variable is Is. Regression model for forecasting of the sheath 
current is defined in Equation (20). 

 

1.250 0.007. 1.699. 0.121. 0.006.Is L d Rg Iub          (20) 

 

The results of this regression model are compared simulation 

results of high voltage underground cable lines to verify 

regression results. These high voltage underground cable lines 
and the sheath currents are shown in Table III, and the actual 

value (ISA) and the forecasted value (ISF) of sheath current are 

compared in Table IV. 

 

TABLE III 

THE SIMULATION RESULTS OF LINES 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Line Iub L d Rg ISA 

1 224.63 250 0.5 6 3.3420 

2 224.63 500 0.5 8 4.9715 

3 224.63 500 0.5 9 4.4234 

4 224.63 500 0.5 10 3.9844 

5 224.63 500 0.5 40 1.0012 

6 464.12 700 0.1 40 3.3293 

7 464.12 500 0.5 25 3.5544 

8 464.12 500 0.5 30 2.9630 

9 464.12 500 0.5 35 2.5402 

10 464.12 500 0.5 40 1.9762 
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TABLE IV 

COMPARISON OF THE RESULTS OF REGRESSION MODEL 

Line ISA (A) ISF (A) 

1 3.3420 2.77 

2 4.9715 4.28 

3 4.4234 4.15 

4 3.9844 4.03 

5 1.0012 0.408 

6 3.3293 3.92 

7 3.5544 3.66 

8 2.9630 3.05 

9 2.5402 2.45 

10 1.9762 1.84 

It is seen that the forecasted sheath current values are very 

close to the actual sheath current values.  

IV. CONCLUSION 

The sheath current causes major problems in high voltage 

underground cable lines. Thus, the sheath current of high 

voltage underground cable line should be determined before 

high voltage underground cable line is installed in project 

phase. Afterwards, the required precautions should be applied 

to reduce the sheath current effects in installation phase of 

high voltage underground cable lines. In this study, statistical 

methods are used to examine the sheath current effects. Many 
factors effective in formation of the sheath current, and effects 

of these factors on the sheath current are determined with 

correlation technic. It is seen that grounding resistance is more 

effective than the other factors. Also, the sheath current is 

forecasted by regression. It is seen in regression results that 

the forecasted sheath current values are very close to the real 

sheath current values. Thus, the required precautions can be 

determined to reduce the sheath current effects on high voltage 

underground cable line. 
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