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In order to accomplish the goal, data was collected from following sources. 

> Technical Specifications - Transmission Line, Ceylon Electricity Board 

> www.windfinder.com 

> Wind Energy Resource Atlas of Sri Lanka and the Maldives by D. Elliott, 

M. Schwartz, G. Scott, S. Haymes, D. Heimiller, R. George National 

Renewable Energy Laboratory 

> Master Plan Study for Development of the Transmission System of 

Electricity Board, Nippon Koei Co., Ltd, Tokyo, Japan, Final Report, 

Appendix, January 1997. 

> List of Towers, Mathugama - Ambalangoda 132kV Transmission line, 

Power Sector Development Transmission Project - Lot B 

I 
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Chapter - 3 

I Methodology 

1 Methodology of Calculation of Conductor Horizontal Displacement 

e conductor horizontal displacement can be calculated using simple trigonometric 

eory. The following figure shows the simple idea of conductor horizontal 

displacement. According to the figure, the conductor horizontal displacement can be 

calculated by considering the inclined sag of the conductor and blowout length of 

insulator string at maximum wind pressure. 

X = (p+l) sin 0 

X-swing of the conductor 

P-conductor inclined sag at 
maximum wind pressure 

0 - Swing angle of the conductor 

1- length of the insulator string 

^ Conductor Horizontal 
Displacement with wind 

Figure 3-1: Conductor Horizontal Displacement 

It is necessary to calculate the conductor swing angle to derive the horizontal 

displacement assuming that the conductor swing angle is same as the insulator 

ing angle. 

3.1.1 Methodology of Calculation of Swing Angle 

>ly, the swing angle can be calculated as shown below considering the 

ontal and vertical forces on the conductor. 

In Electrical Engineering Page 7 



K.K.Shvamali 07/8415 

* D * F 
Where: 

Swing Angle, 0 = Tan" (d*F/w) 

D- Diameter of the conductor 
F-Wind Pressure 
W-Weight of the conductor W 

Figure 3-2: Conductor Swing Angle 

3.1.2 Methodology of Calculation of Conductor Sag 

The conductor sag is dependent on several factors which are listed below. 

1. Equivalent span 

2. Wind pressure 

3. Operating temperature 

4. Conductor properties 

• Diameter of conductor 

• Total cross sectional area yfT*r 

Weight of the conductor per meter 

Equivalent span 

This is the weighted average or equivalent design span between two dead end 

supports. This span is useful when selecting appropriate template for a given 

section. 

Modulus of elasticity 

Linear coefficient of expansion 

Ultimate breaking strength 
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Tension Suspension Suspension Tension Tension 
tower tower tower tower tower 

Equivalent span = ' 
L, + L 2 + L 3 + L 4 + — 

Figure 3-3: Equivalent Span 

,.e Technical Specification of Transmission Line defines different equivalent span 

different operating voltages of the line as shown below. 

132kV 220kV 

Equivalent Span Applicable Range Equivalent Span Applicable Range 

200 176-275 150 126-225 

300 276-375 250 226-325 

400 376-475 350 326-425 

500 476-575 450 426-525 

Table 3-1: Defined Equivalent Span in CEB 

The calculation of conductor vertical or inclined sag is necessary to be discussed in 

two steps, since the conductor maximum sag is calculated using the formula and the 

sag at any other point is determined from the coordinates of the catenary curve. 

Therefore, the following steps are to be taken into consideration. The horizontal 

displacement of the conductor is also necessary to be discussed accordingly. 

I. The conductor sag at mid-span for specific equivalent span 

II. Calculation of Conductor Sag at Spans other than mid-span for specific 

equivalent span 
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The Technical Specification for Transmission Line defines maximum wind pressure 

which is to be used for Transmission Line Design. 

> Temperature 

Technical Specification for Transmission Line defines the minimum, everyday and 

maximum operating temperatures. However, the temperatures and wind pressure 

are same for any operating voltage. 

> Conductor properties 

If we take one operating voltage say 132kV, the first three factors are same and the 

properties of the conductor can be different. If we take same type of conductor say 

ZEBRA, there can be minor difference based on the manufacturer. Therefore, the 

study was carried out to observe the sag difference for the change of parameters of 

same conductor type. The conductor properties of ZEBRA conductor which, used for 

Horana Grid Substation Project, Kerawalapitiya Kotugoda Transmission Project and 

Power Sector Development Project is used. 

The properties of Zebra Conductor against operating Voltage are shown in the 

following table. 

< 

t 
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Operating Voltage 132kV 220kV 

Project PSDTP HGSSP KKTP 

Diameter of conductor/ mm 28.62 28.62 28.62 

Total cross sectional area/ mm 2 484.4 484.4 484.48 

Modulus of elasticity/ N/mm 2 69000 69000 75001 

Linear coefficient of expansion/ per °C 1.95E-05 1.95E-05 2.06E-05 

Ultimate breaking strength/ N 130320 130320 14021 

Weight of the conductor per meter/ 
kg/m 

1.632 1.631 1.564 

Table 3-2: Conductor Properties 

However, the calculations showed that the minor difference in parameter doesn't 

make a major difference in conductor sag and that difference is in the range of 10-

20mm range. When the sign value of that difference is taken for the calculation of 

horizontal displacement, then the effect is further reduced. Therefore, the effect from 

the minor difference of conductor parameters of same conductor type for the same 

operating voltage is considered as negligible. But if the operating voltage is different 

there is a considerable difference in following parameters of the conductor and it 

makes considerable difference in conductor sag. 

• Modulus of elasticity 

• Linear coefficient of expansion 

• Ultimate breaking strength 

• Weight of the conductor per meter 

Therefore, it is understood that it is necessary to develop drawings for different 

equivalent spans at same operating voltage and different conductor types like Lynx, 

Zebra and Goat. Also the same has to be repeated for different operating voltages. 

However, currently CEB uses Zebra conductor for new construction due to the 

higher current carrying capacity of the conductor. But most of the existing lines are 

Lynx or Goat conductor. Therefore, it is necessary to study the same for Lynx, and 

Goat conductor since it is required to specify the clearance from existing lines to new 

constructions. However, as we discussed above, some of the conductor properties 

vary from manufacture to manufacture. Therefore, for the calculations, the properties 
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of the existing conductors are required, but the required data is not available at most 

of the time. Further, different line have been designed for different maximum 

operating voltages like 54°C and 75°C.Therefore, it is not going to be addressed 

about the clearance for Lynx and Goat conductors. However, we can keep the same 

clearance as Zebra conductor even for Goat and Lynx conductors since the 

conductor sag for lynx or Goat conductor is lower than Zebra conductor. 

3.1.2.1 Methodology of Calculation of Conductor Sag (at Mid-Span) 

The calculation of conductor sag is based on several steps. Here, it is necessary to 

calculate conductor sag at maximum operating temperature without wind pressure 

and inclined sag at maximum wind pressure and 15°C (the derivation of this 

temperature is discussed later in this Chapter). A sample calculation is shown below. 

Conductor Data (ZEBRA) 

Diameter of conductor 

Total cross sectional area 

Modulus of elasticity 

Linear coefficient of expansion 

Ultimate breaking strength 

Weight of the conductor per meter 

d 

A 

E 

a 

UBS 

w 

28.62 

484.4 

69000 

1.95E-05 

130320 

1.632 

mm 

mm 2 

N/mm 2 

per °C 

N 

kg/m 

Condition Data 

Minimum Temperature 

Dynamic wind pressure 

Equivalent Span 

Final Temperature 

Initial factor of safety 

\ Final Factor of safety 

7 

970 

300 

75 

2.5 

4.5 

deg C 

N/m 2 

m 

deg C 

Wind Force on Conductor, Pf 

( 

Loading factor with wind at given Temperature, = 

970*28.62*10"3 N/m 

27.76 N/m 

(P2+w2)1/2/w 
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= 2.0 

Loading factor without wind at max temp = (P 2 +w 2 ) 1 / 2 /w 

= 1.0 

Max Allowable working Tension of the conductor = UTS/2.5 

= 52128 

52128 

Max Allowable stress on conductor, f1 

Weight of the conductor with grease, 5 

484.4 

107.61 

0.033 

Then working stress, f2 can be determined by following formula 

a2S\Ql.E 
24 

N 

where: fi. Max Allowable stress on conductor 

E - Modulus of Elasticity 

a - Equivalent Span 

t - Temperature Difference 

a- Linear coefficient of expansion 

N/mm 2 

N/m/mm 2 

Case 1: sag at 75°C without wind 

load 

fi 

t = 

a\8\Ql.E ^ 
f x 2 4 . / i 2 

(75-7) °C 

68 °C 

a2S\Q2
2.E 

24 

Substituting for parameters in above equation, it can be concluded with following 

expression. 

f2
3 + 81.609*f 2

2 = 2 . 8 2 * 1 0 5 

Solving by Newton Raphsan method 

46.88852 N/mm 2 

N 
46.88852*484.4 
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