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Abstract 
The purpose of the present investigation, 

which is done for the first time in Iran, is 
design of spacers made of composite 
materials for compact transmission lines. 

Design has been based on imposed forces 
including the wind aerodynamic force, 
gravitational force of conductors and effects 
of ice and snow upon the conductors. First, 
using the potential flow analysis of fluid 
mechanics, the wind force has been described 
and applying the weight of the conductor 
together with ice and snow has been 
calculated. Then considering the resultant 
force, stability and post-buckling of spacer 
has been discussed and appropriate diameter 
has been selected. Design ends with choosing 
of composite materials as constructing 
material. The spacer has been analyzed and 
optimized for prevention of mechanical 
failures and finally the blowing spacing has 
been obtained: 

For GFRP composite (Epoxy Resin) solid 
rod with Vf = 0.6 for nominal diameter, D = 
40 mm & 54 mm, length L = 2 m & 4 m have 
been resulted, respectively.   

For GFRP composite (Epoxy resin) Hollow 
rod with Vf = 0.6, for Di = 40 mm & 54 mm, 
thicknesses of e = 7 mm & 5.2 mm calculated, 
respectively.       

 
 
Nomenclature 
A area 
b conductor length  
C constant factor 
E modules of elasticity 
e thickness of composite tube 
F force 
Fe effective force 
F.S. factor of safety 
Fw weight force 
fB frequency of conductor vibration 
fC frequency of conductor vibration in span 
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H conductor tension at sag point 
Kc constant factor 
k harmonic of conductor oscillation 
Le effective length 
l span distance 
ml mass of unit length 
P wind pressure 
R conductor radius 
ti ice thickness on conductor surface 
U wind speed 
Uk resonant speed 
w  weight of unit length 
wi ice weight 
wT total weight 
 
 
Greek Symbols 
α Deviation angle 
Γ Vertices 
γp Density of conductor 
π Pi number equals 3.1415 
ρ Air density 
ρi Ice density 
σall. Allowance stress 
σcr. Critical stress 
σl Longitudinal stress 
σlr Longitudinal rapture stress 
σt Traversal stress 
σtr Traversal rapture stress 
τlt Shear stress 
τltr Shear rapture stress 
φ Velocity potential   
ψ Stream function  
  
  
Introduction 
  With rapid development of electrical 

industries in the recent years, the problem 
more important to be solve is the increase in 
power capacity of the transmission lines and 
reasonably reduction in amount and time to be 
used for execution of this compact 
transmission lines. It’s a new idea exploited in 
some countries. some methods are required to 
reduce volume, weight and occupied space of 
correspondent mechanical equipments and 
holders and making them as compact as 
possible and low-cost with an acceptable 

strength for imposed loads and practical 
conditions. 

Use of spacers in transmission lines will 
prevent compulsory and undesirable 
resonance of duplicated effects of conductor’s 
vibration because of wind dynamic loads and 
air flow around them as a result of unifying 
and relating them with each others. In this 
way, the predictable resonance can be damped 
or eliminated, using convenient antivibration 
equipments. [1] 

The major characteristics of composite 
materials making them suitable for being used 
in manufacturing of conductors are [2]: 

1- The main advantage of composite 
materials witch is called special strength and 
defined as proportion of strength to density is 
higher than any other usual engineering 
materials. 

2- Low–weight advantage of composites 
which exerts ignorable dead load on the 
electric transmission lines. 

3- Dielectric property of composite 
materials makes them a suitable replacement 
for these systems because these spacers are 
installed between the phases. 

4- Of special preponderance of polymeric 
composite materials is their resistively versus 
corrosion when opposed to rain and snow 
water and polluted conditions and high 
durability when imposed to high temperature 
working conditions. 

5- Reduced manufacturing costs. Using 
these spacers in transmission lines, will make 
no need to more strengthened constructions 
and line holders, since decrease in distance 
between conductors, will make the 
compaction of line holders approximately 
about 20 percent, possible. In addition, 
foundation costs of power towers will 
decrease significantly, because Reduction in 
volume and structural weight of line holders 
will justify manufacturing and production of 
this kind of spacer   

One of the important results of using these 
systems is frontage problem in establishment     
of current powers. Considering the price of 
grounds around the transmission lines and this 
reduced area of needed, can justify using of 
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this technology. Illegal cutting and lifting of 
wires along the transmission line has been 
reported recently in some regions of country. 
this spacers , will work as holders of wire and 
prevent any damage as a result of contacting 
between the ends of lines. Regarding to 
various fiber polymers in commercial form 
and also different resins, producing these 
kinds of materials will not have great 
financial pressure for companies.              

Regarding the above properties, composite 
materials with glass fibers as roving form and 
thermoset resins such as epoxy will be used 
for construction of spacers.[1] 

 
 
Design procedure: 
In distances between HV power 

transmission towers, with aerodynamic forces 
of air around the conductors and weight of 
conductors, the cables will be closer to each 
other and collide. Also, in the cold and frozen 
climates accumulation of ice and snow in the 
conductors will lead to increase in dead load 
of transmission line and critical conditions 
will be exerting on them. In such cases, 
vibrations and oscillations of conductors 
affected by wind results in cutoff of electricity 
and also scathe for these lines. Nowadays to 
prevent the undesirable intense vibrations, 
controlling and unifying the wires and their 
vibration mode and accordingly integrating 
their motion style, insulated phase to phase 
composite spacers are used which apart from 
decreasing the allowed distance between 
phases and above mentioned effects, possible 
increase in the number of lines with the 
applied changes in their arrangement and 
compacted volume and weight of power 
towers will be done. 

For simulation of created states around the 
electrical conductors, the pattern of potential 
flow around the cylinder with rotation has 
been used (fig.1) [3]. The velocity potential 
and stream function are as: 

 

)1(                         .coscos.
2

θθθφ C
r

RUrU −+=

 

(2)        r          .sinsin.
2

LnC
r

RUrU +−= θθψ

 
Regarding the velocity relations and 

Bernoulli equation, velocity and pressure 
amounts would be obtained and to calculate 
Drag and Lift forces, we will have: 
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So in the assumed resultant pattern for real 

flow, a force perpendicular to the fluid flow 
will be exerted on cylinder. With 
Vortices Cπ2=Γ , we can define as:  

    
(5)                                          Γ= UFlift ρ  

 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 1. Flow about conductor 

 
 

Various kinds of oscillations in electricity 
transmission lines [5]: 

Oscillation of conductors in transmission 
lines are affected by mass displacement of air. 
These oscillations have different frequencies 
which totally are: 

 
A- Aeolian vibration of conductors: 
Aeolian vibration is oscillation of a 

conductor with high frequency which occurs 
in a vertical plane with amplitude close to the 
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radius of conductor. The vibration occurs 
when the wind swirl after bopping to the 
conductor and exerting a force perpendicular 
to it. 

When the displacement air velocity is 
negligible, air stream will move the conductor 
limitedly (fig.2). Increasing the wind velocity, 
displacement of air masses will be as fig. 2 
and a vertical force will be on the conductor 
and cause it to move along the vertical 
direction. In a similar way, the velocity of air 
layers decreases in the vicinity of external 
surface of conductor at the upper and lower 
sections. Variations of air pressure near the 
conductor acts as a source of forces applied to 
it and its vibrations during which the kinetic 
energy of the air changes to mechanical 
displacement of conductor and cause it move 
perpendicular to airflow. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Convenient movement of air mass about 
conductor: 

a- without vortex 
b- with vortex 
c-  Mode of various vibration and oscillation of conductor 

 
If frequencies of air pressure variations 

adapt with any modes of natural frequency of 
conductor, vibration frequency of conductor 
will resonate and frequency of conductor 
vibrations are calculated from the following 
relations: 

 

)6(                         
2

.
R

UKf cB =  

 
The components of frequency of conductor 

between two towers obtain as: 
 

)7(                    
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l
C

m
l
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γ

=  

 
Equalizing fB and fC frequencies will lead to 

the velocity that conductor vibration will 
resonate by it: 

)8(                .
P

l

c
k

m
l
R

K
kU

γ
=  

 
According the last relation, oscillation 

spectrum of conductor vibration is very wide 
so that in most cases for the wind speed of 0.5 
to 5 m/s high frequencies have been recorded. 

Oscillations of conductor are stable so that 
frequency of conductor oscillations increase 
by the wind speed effects. According to the 
survival experiences, the most probability for 
the vibration occurrence corresponds with 
wind speed of 0.5 to 3 m/s. in the outdoor and 
even line paths, the probability of vibration of 
the conductors is higher than uneven lines as 
jungles and lines intersected with the rivers. If 
the orientation of air mass movement be 
perpendicular to the conductors of line, their 
vibration will be severe. Increasing the 
distance between towers and the weight of the 
conductors, vibration of conductors will be 
intensified both in magnitude and duration. 

 
 
B- Oscillation of bundle conductors in 

the spans: 
In these kinds of oscillations, the 

conductors in bundles will oscillate under 
aerodynamic conditions and due to the 
resultant force of air masses will move 
upward. In this phenomenon, the fronted 
bundles will oscillate in the different 
directions. Oscillation of the conductor will 
be with the frequency of 0.2 to 2 Hz in an 
orthogonal plane and with elliptic pattern. 

 
 
C- Swing oscillation of conductors: 
Temperatures of freezing point along with 

the wind blow cause to ice formation on the 
conductor surface at the wind direction. In 
this case, wind blow around the conductors 
are observed as vortical motion. Stagnation of 
the air in the vicinity of conductor cause its 
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displacement upward and this motion will 
continue until strength of conductor allows. 
Then the conductor will move vice versa and 
this pattern of motion will continue 
repeatedly. This phenomenon will have a 
specific frequency because the displacement 
of air is done by the force of air. The most 
conventional swing frequency of conductor in 
this kind of motion is 0.1 to 0.75 Hz. This is 
accompanied with one, two or three half-
period along the span.  Because of air 
pressure, swing of conductor in various 
directions will be in elliptic form so that its 
small axes are 0.3 to 0.5 times greater than the 
longer one. Revolution of conductor can 
occur at the temperatures from -5°C to zero or 
even at -10°C which are the suitable 
temperatures for ice formation on the 
conductors. 

Swing of the conductor is an oscillating 
phenomenon that is of high energy and can 
lead to conductor interruption or arc between 
the phases. Therefore it is needed to assign 
the location of guard wire and phase 
conductor’s precisely with each other so that 
with the swing of conductors they would not 
be in contact or near each other. The above 
mentioned phenomena can increase the 
probability of electrical arc affected by 
appeared spark. 

The ensured object to this phenomenon, is 
using of insulated spacers that can be installed 
between the phases. These spacers have 
ignorable weight and high mechanical 
strength and rather flexible. Flexibility of 
mechanical connections of conductors with 
each other in various phases will not allow the 
conductors to move synchronous and will 
damp their oscillations fast. 

 
 
Numerical Calculations: 
Using the chain method solution for 

cantilever cables according to fig. 3, 
mathematical expression obtains as [6, 7]: 

 

)9(                )1(cosh −=
H
wx

w
Hy  

 

From above equation, with given value for 
y (or d in fig. 3) we can obtain maximum 

tensile force of conductor (H) occurred at 0 
point. 

The force exerted by wind to the cylindrical 
surface is gained by multiplication of imposed 
pressure at the assumed surface. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 3. Chain method parameters 

 
 The wind pressure obtains from the 

following equation, which has been 
developed by H.W. Buck [7]: 

 

(10)                 6134.0 2UP =  
 

Considering the thickness of the formed ice 
on surface of conductor, the pressure force of 
wind per unit length will be calculated as: 

 

(11)           .
2

2
P

td
F ic

w
+

=  

 
Also, weight of conductor and ice on it 

obtains from: 
 

)12(        )( iciicT tdtww ++= πρ  

 
Regarding the above relations, the effective 

force upon the conductor, which is the 
resultant of two forces, pressure force of wind 
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and line weight (conductor and ice weight), is 
calculated as: 

 
)13(             22

wTe FwF +=  

 
Substitution of numerical values in the 

above relations, we’ll have required force. At 
the present paper, with the values of table 1, 
(general data for designing of spacers) the 
following amounts have been gained: 

 
 

Table 1. Preliminary data for designing of 
composite spacer. 

Span length (m) 300 
Desire Spacer length (m) 2 & 4 

Diameter of conductors (mm) 19.5 & 26.5 
Conductor weight of unit length (kg/m) 0.8867 

Rapture force of conductor (N) 79800 
Sag height (m) 5 

Ice thickness (mm) 25 
Wind speed (m/s) 40 

Ice density (kg/m3) 930 
 
1- The exerted force along the length of 

composite object is dynamic force that its 
maximum amount is 1017 kgf (conductor 
with D=26.5 mm) and 925 kgf (conductor 
with D=19.5 mm) and the least value is equal 
to zero. 

2- The imposed force perpendicular to 
longitudinal axis is due to weight of 
conductor and has constant value of 415 kgf. 

3- There is no shear force upon the object. 
 
 
 
Stress analysis of the composite part [1]:  
Regarding to obtained results, at critical 

conditions in which the conductor subjected 
to wind effect and the ice layer formed on its 
surface, the composite part tolerate principal 
stresses and there is no shear stress. However, 
it’s necessary to notice that for this case, that 
component of resultant force which causes a 
spacer deviation angle will create a shear 
stress moreover the normal stress and having 
the stress analysis, amount of each stresses 
can be calculated. Referring to deviation 
angle: 

)14(                 1

w

T

F
w

tg −=α  

For each of the conductors, the values 
ofα will be calculated 26◦ and 24◦, and the 
state of element under these conditions will be 
as fig. 4 & fig. 5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Under stress element of spacer type I 

 

 

 

 
 
 
 

Figure 5. Under stress element of spacer type II 

 

 
Prediction and estimate of geometrical 

arrangement of fibers [1]: 
Regarding to force and stress analysis of the 

composite part, geometrical arrangement of 
fibers in the composite part is suggested as 
fig. 6[1]. It is notable that volumetric 
percentage of fiber in composite material is 
equal to 60 percent [4].     

 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Fiber direction in spacer construction 
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Calculations of composite rod and tube: 
 
 1-calculations of diameter with strength 

of materials method [9]: 
The following inequality must be satisfied 

to obtain the rod and tube diameter: 
 

)15(                 
3..

max
. =

≤
SFall

σ
σ

 
 

Factor of safety for dynamic and undefined 
loadings discusses in design references texts 
such as [8] has been entered to relevant the 
calculation of paper and equal to F.S. =3. 

 
 
 

2- Calculations rod diameter for 
withstanding of buckling [9]: 

Critical stress for which the buckling will 
occur in the rod with fixed ends is: 

 

)16(                   .
2

2

.
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⎜
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E

e
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3- Thickness calculations of composite 
tube to prevent fracture [4]: 

Hill criterion is a theory of fracture energy 
and is used for this calculation. Summarized 
form of this relation for fracture state in 
composite materials at rupture limit follows 
as: 
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Unknown values of this relation can be 
known from tables of Ref. [4]. Longitudinal, 
traversal and shear stresses will be calculated 
from pattern of stress distribution of given 
arrangement for the composite part in 
desirable orientations of 0 ْ, 45ْ, -45ْ & 90ْ. 
Tables 2 and 3 illustrated calculated values 
for each of parts. 

 
 

Table 2. Calculated stress and thickness for spacer 
L=2 m and Di=40 mm 

 
 
Table 3. Calculated stress and thickness for spacer 

L=4 m and Di=54 mm 

 
 

For installation of spacers in the needed 
places, clamps are mounted to two ends of the 
spacer. 

 
 

Conclusions: 
Regarding to the presented investigation, 

required spacers for use in compact 
transmission lines have been analyzed and 
designed. Because these equipments are used 
in industries more recently, the comparison 
between numerical results and experimental 
ones are being done currently. Software to 
design and manufacturing process is to be 
provided. Some of the important results are 
as: 

 
1. Diameter of composite rod with 2 m in 

length, at least, equals to D=40 mm. 
2. meter of composite rod with 4 m in 

length, at least, equals to D=54 mm. 
3. Thickness of composite tube with Di=40 

mm and L=2 m comes equal to e=7 mm. 
4. Thickness of composite tube with Di=54 

mm and L=4 m comes equal to e=5.2 mm. 
5. From the economical point of view and 

considering the construction costs, using 
these systems can lead to an 

 σl 
(MPa) 

σt 
(MPa) 

τlt 
(MPa) 

e 
(mm) 

0˚ 367.42 16.90 0 0.56 
+45˚ 305.86 104.77 -4.0 2.86 
-45˚ 305.86 104.77 4.0 2.86 
90˚ 250.11 21.16 0 6.84 

 σl 
(MPa) 

σt 
(MPa) 

τlt 
(MPa) 

e 
(mm) 

0˚ 272.16 12.52 0 0.42 
+45˚ 226.56 14.10 -2.96 2.34 
-45˚ 226.56 14.10 2.96 2.34 
90˚ 185.27 15.67 0 5.06 
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approximately %25 saving in expenses in 
our country. 

6. Numbers of spacers in a line depend on 
the cross-section of line, span length and 
environmental conditions. 
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