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Abstract 
In the design of high voltage transmission lines inevitably needed to change the arrangement of 
wires, and the distance between the wires directly affected by changing the arrangement of the 
wires. The distance between the wires is difficult to judge by experiences. Therefore, it is urgently 
to develop a way to accurately calculating the minimum distance between the wires when chang-
ing the arrangement between the two wires, and determine the minimum distance can meet the 
requirements of standards and regulations or not. Through the thinking, based on the balance 
equation and the space curve wire calculus method, a more accurate method of calculating the two 
wires in a variety of conditions the minimum spacing was derivated, and the sensitivity of the 
minimum distance was analysized based on the method. 

 
Keywords 
Overhead Transmission Lines, Distance of Two Lines, Equation of Wire Balance, Wire Sag 

 
 

1. Introduction 
When the high voltage transmission lines are designed, it is inevitably needed to intersect across, change the ar-
rangement modes of wires, and etc., for example, 500 kV line spans the 220 kV line, get-in gantry span of over-
head lines, and etc. When the above situations happen, it is inevitably needed to check the minimum distance 
between two wires so as to determine whether it satisfies the requirement of regulation [1]. However, the diffi-
culties of validation lie in (1) the intersection situation, which needed to be checked, is often very complex, and 
the two wires to be checked face the situations such as different types, different safety coefficients, and so on. (2) 
Both the establishment and solution of the space curve equation are difficult, and relying on a simple artificial 
modeling calculation cannot obtain the exact solution. (3) The spacings of wires are different due to the different 
sags under different working conditions, so it is difficult to judge the working condition for the minimum spac-
ing, and etc. There are much calculating study achievement concerning the phase spacing of wires in our country. 
In the Reference [2], the three-dimensional CAD is used to establish the three-dimensional model of phase 
spacing of lead-in span wire, and a kind of method to calculate the phase spacing of wires by using the interac-
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tive three-dimensional CAD according to the theory of oblique parabola and three-dimensional left conversion 
calculation is proposed. Reference [3] studied the computing method of minimum phase spacing of wires under 
considering the windage and without considering the windage, and analyzed the calculation examples of rele-
vant projects. According to the above difficulties and the current status, space curve equation [4]-[6] of wires 
was precisely established and the minimum distance between two wires was calculated by using the 
integral-differential method of space curve and Matlab tool in consideration of the sag of wires under different 
working conditions based on the equation of wire balance. Simultaneously, the accuracy of the calculation me-
thod was analyzed, and the sensitivity of minimum distance between two wires with the change of tower height 
difference, the change of safety coefficient, the change of span, and so on was systematically calculated by tak-
ing the energy-saving wire (aluminum alloy core aluminum stranded conductor) as an example. 

2. Calculation Method of Spatial Minimum Distance between Two Wires  
2.1. Establishment of Space Curve Equation of Wires 
The emphasis of calculating the minimum distance between two wires in space is to establish the calculation 
model of space curve of wires. First of all, the three-dimensional rectangular coordinate system is established by 
taking the tower center as the original point, the extension direction of beam as X axis, upward extension direc-
tion of tower as Z axis, and the extension line direction of wire as Y axis, as shown in Figure 1. 

 

 
Figure 1. Case diagram of modeling calculation. 

 
The space curve equation was established by taking wire 1 as an example. It is assumed that hanging points 

coordinates in the T1 and T2 tower of the wire are (x1, y1, z1) and (x2, y2, z2), respectively, and then the space 
curve parameter equation of wire 1 between the two suspension points is as follows [5]. 
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where t is the spatial location parameters. 

The wire sag was also considered, and the sag formula of inclined parabola of wire was 
2

08 cos
lf γ

σ β
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cording to reference [4], then the sag of any point in the space wire is  



W. J. Huang et al. 
 

 
91 

0

( ') '
2 cos

l x xf γ
σ β
−

=  

where f is the wire sag with the unit m. γ is the comprehensive relative load of wire with the unit N/mm2·m. l is 
the horizontal distance of wire between two hanging points with a unit m. 'x  is the distance from any point of 
wire to suspension point (x1, y1, z1) with a unit m. β is the angle of elevation difference with a unit. Then the 
calculation method of the above various parameters can be determined according to the model. 
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The calculated simplified formula of the above parameters are introduced into the sag formula, then  
2
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2.2. Correction of Spatial Wire Equation in Consideration of Windage  
There appears a certain windage for the wire under the action of breeze, and its angle of windage is 4 1= arctan /ϑ γ γ , 
then 4sin = /ϑ γ γ  and 1cos = /ϑ γ γ  can be obtained. After the windage of wire, the change of sag in Z axis is 

cosz f ϑ∆ = − , and the change of sag on the horizontal plane is sinxy f ϑ∆ = . It is assumed that the straight 
line linking with the suspension points of wire and the X axis in XY plane constitutes an angle α , and then 
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Due to the windage direction of wire along X axis unfixed, when the directions of windage are different, the 
variable quantity in X and Y axis of the line between two hanging points caused by wire sag are shown in Table 
1 in consideration of synchronous windage. 

Hence, when the wire has the windage along positive direction of X axis, the space equation of wire can be 
expressed as: 
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While the wire has the windage along negative direction of X axis, the space equation of wire can be obtained 
 

Table 1. Variation in X and Y axis caused by sag under different directions of windage. 

Direction of windage Variable quantity Windage along positive direction of X axis Windage along negative direction of X axis 

Change along X axis X∆ /m 
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by exchanging the plus-minus sign of above sag correction formula. 

2.3. Electrical Distance between Two Wires in Space 
The parameter equation of space wire has been obtained in consideration of the sag and windage according to 
the above analysis. It is assumed that the two wires in space are line1 and line2, respectively, the hanging points 
coordinates of line1 are A (x1, y1, z1) and B (x2, y2, z2), respectively, and the hanging points coordinates of line2 
are C (x3, y3, z3) and D (x4, y4, z4), respectively. Then the distance between any points in two wires can be calcu-
lated according to the distance formula between two points in space.  
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Visibly, d2 is the binary quartic equation, and the minimum of d2 needs to be resolved. According to the dif-
ferential method, let 2 2

1 2/ 0 / 0d t d t∂ ∂ = ∂ ∂ =, , and then the binary cubic equation set concerning the position 
function t1 and t2 is obtained. Subsequently, the Matlab platform can be used to solve d2, thus the minimum of d 
is obtained. The binary cubic equation has multiple sets of solutions, so the range of function values 

1 1 2[ , ]t y y∈ , 2 3 4[ , ]t y y∈  needs to be defined. Moreover, t1 and t2 appear in pairs, d has a unique solution after 
the definition of function values, and it can be quickly solved in Matlab environment.  

3. Sensitivity Analysis of Minimum of Spatial Two Wires  
When the arrangement mode of high voltage overhead lines changes, the electrical spacing of wire must be veri-
fied. Especially, it is commonly seen that the get-in gantry span wire is converted from the horizontal layout of 
gantry to the vertical arrangement form outside of a station. It is analyzed that the sensibility of minimum dis-
tance between two wires with the change of distance between terminal tower and gantry, the change of height 
difference between terminal tower and gantry, change of safety coefficient of relaxation span, and so on by tak-
ing the get-in gantry span of 220 kV lines engineering and adopting the JL1/LHA1-465/210 (aluminum alloy 
core aluminium conductor). 

3.1. Model Analysis 
The model of sensitivity analysis is shown in Figure 2 [2]. 

Where the type of the wire is JL1/LHA1-465/210, and the parameters are shown in Table 2. 

3.2. Change Law of Minimum Distance between Two Wires under Different Spans   
1) Change law of distance with the span under different working conditions 
According to the stipulations of GB 50545-2010, the minimum phase spacings in span under the action of in-

terphase operating overvoltage at 500 kV and the voltage grade below 500 kV are shown in Table 3. 
The regulation only stipulates the minimum distance of phase spacing of wire under operating conditions, and 
the minimum phase spacing of wire is 2.00 m under 220 kV. But the minimum distance between wires does not 
necessarily happen under operating conditions. Hence, it is necessary to compare the distance between wires 
under high temperature to that under operating conditions, as shown in Figure 3. 
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Figure 2. Model of sensitivity analysis. 

 
Table 2. Parameters of energy-saving wire. 

Type of the wire Aluminum alloy core aluminium conductor 

Sectional area (mm2) 

Steel (Aluminium-coated steel) 209.85 

Aluminum (Aluminium alloy) 463.88 

Total cross section 673.73 

Aluminium/steel (Aluminium-coated steel) cross-section ratio 2.2 

Diameter (mm) 33.75 

Unit weight (kg/km) 1864.2 

Comprehensive elastic coefficient (MPa) 55000 

Comprehensive expansion coefficient (1/˚C) 23 × 10−6 

Calculated tensile force (kN) 137.02 

Tension-weight ratio (T/W) 7.49 

 
Table 3. The minimum interphase intervals in span under the action of interphase operating overvoltage. 

Nominal voltage/kV 110 220 330 500 

Interphase interval (in span)/m 1.00 2.00 3.00 4.55 

 

 
Figure 3. Comparison of distances between wires under different working conditions. 
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As shown in Figure 3, the minimum distance of wire under the operating conditions is obviously greater than 
the minimum distance under the high temperature conditions. Moreover, when the minimum span is 20 m, the 
minimum phase spacings under both operating conditions and high temperature conditions can meet the re-
quirements of regulation. But the minimum distance of wires under the operating conditions cannot represent 
other conditions to study the minimum distance of wires. Therefore, it is likely to use the minimum distance of 
wire under high temperature conditions to study the minimum distance of wires. 

2) Change law of distance with span under the high temperature  
In the calculation model, the two hanging points coordinates of wire 1 are (7, 0, 27) and (3.5, y2, 14), respec-

tively, as well as the hanging points coordinates of wire 2 are (7.8, 0, 33.5) and (0, y4, 14), respectively. In  
addition, the difference of hanging points distance between wire 1 and wire 2 in the terminal tower is 6.5 m. 

 

 
Figure 4. Change law of minimum spacing between two wires under different spans and different safety coefficients. 

 
It is clearly observed that 
(1) Under the identical safety coefficient, the distance between two wires in space increases with the increase 

of the span. However, the amplitude of increase continuously decreases as well as the distance tends to be 
smooth and steady. Taking k = 15 as an example, when the span is in 20 - 30 m, the rate of change of the in-
crease of the shortest distance is about 5.5%. When the span is in 110 - 120 m, the change rate is only 0.27%. 
Namely, the greater the span is, the weaker the control of minimum distance between two wires in space by the 
wire tension is.  

(2) With the increase of safety coefficient, the change law of the shortest distance between two wires in space 
with the span becomes more and more obvious, as well as the rate of change is greater. As k = 3.4, the change 
rate of span in 20 - 120 m is 3.8%, while k = 15, the rate of change is 15.3% with the same span. So when de-
signing the change of the arrangement mode for wires, it is quite necessary to check whether the space distance 
between two wires meet the requirements. 

(3) Under the identical span and different safety coefficients, it is observed that the wires relax and the sag of 
wires increases with the increase of security coefficients. These make the minimum distance between two wires 
continuously reduce. 

(4) It is required in the regulation that the interphase distance of 220 kV wires is not less than 2 m. But only 
considering the operation status in the engineering is not enough, it is still considered to meet the requirement of 
2 m for the phase spacing under the high temperature, moreover, the phase spacing should be increased by 20% 
under the allowable conditions. In this case, the phase spacing should not be less than 2.4 m. When the wires are 
relaxing, the safety coefficient and the span should be simultaneously controlled, for example, as k = 15, the 
span should not be less than 30 m, while k = 20, the span should not be less than 50 m. 

3.3. Change Law of Minimum Distance with the Span under Different Height Differences 
When designing the get-in/out gantry span, it is often encountered that the difference between the nominal 
height of terminal tower and the height of gantry is greater. Hence, the change of the minimum distance of two 
wires in space with different height differences needs to be studied. So when k = 15, the change of the minimum 
distance in space between two wires of get-in gantry span needs to be initially accounted by designing Δh = 13 
m, 20 m, 30 m, 40 m and etc.  
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Figure 5. Change law of minimum distance between two wires in space with the span under different height differences. 

 
As can be seen that: 
(1) With the increase of the height difference between the terminal tower and gantry, the minimum spacing 

between two wires are continuously reducing, and the greater the height difference is, the greater the shortened 
amplitude is. Moreover, when Δh is in 13 m - 20 m, 20 m - 30 m, and 30 m - 40 m, the corresponding rate of 
change is −0.80%, −1.50%, and −1.94%, respectively, with the span of 60 m. 

(2) Within the identical span, the minimum distance between two wires are continuously shortening with the 
increase of the height difference. However, as the span becomes greater, the shortest distance between two wires 
tends to be consistent. Namely, the greater the span is, the weaker the control of the shortest distance between 
the two wires by height difference is. 

4. Conclusions 
Based on the equation of wire balance, space curve equation of wires was precisely established and the mini-
mum distance between two wires in space was calculated by using the integral-differential method of space 
curve and Matlab tool in consideration of the sag of wires under different working conditions. Simultaneously, 
the sensitivity of minimum distance between two wires with the change of tower height difference, the change 
of safety coefficient, the change of span, and so on was systematically calculated by taking the energy-saving 
wire (aluminum alloy core aluminium conductor) as an example. Moreover, the conclusions are obtained as fol-
lows. 

(1) Under the same safety coefficient, the distance between two wires in space increases with the increase of 
span, but the increase amplitude gradually decreases as well as the distance tends to be stable. Moreover, the 
greater the span is, the weaker the control of the minimum distance between the two wires in space by the 
change of wire tension caused by the change of security coefficient of wire is. 

(2) Under the same span, the sag of the wire increases with the increase of the safety coefficient, which makes 
the minimum distance between the two wires continuously decrease. 

(3) With the increase of tower height difference between both sides, the minimum spacing between two wires 
gradually decreases, and the greater the height difference is, the greater the shortened amplitude is. 

(4) Within the same span, the minimum distance between two wires gradually shortens with the increase of 
the height difference. But the greater the span is, the weaker the control of the shortest distance between two 
wires by the height difference is. 
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