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Abstract - Overhead lines are more vulnerable, than underground lines, to adverse environmental conditions, high humidity, 
pollution, ground stability etc. Also, the high-voltage transmission lines are under impact of electrical flashover or 
mechanical tension or the aging of the material. Due to these impacts the lines can have several defects in line condition like 
erosion, wear and tear, broken strands etc. 
If not revamped or replaced on time, this minor damage may, eventually lead to serious failures or accidents. This will also 
incur loss of capital and energy. To avoid such losses, preventive maintenance for transmission lines is required. Thus, a 
robotic model is designed for inspection of these lines. 
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I. INTRODUCTION 

 

Generation and Transmission of Electricity involves 

enormous amount of natural Resources and money. 

Transmission of electricity is done by overhead or 

underground transmission lines, across the cities, 

from grid to achieve minimum loss of electricity. Due 

to increase in urbanization, the needs of electricity on 

large scale in industrial as well as household areas 
has increased. 

 

The electricity is generated in outskirts of cities and 

transmitted to power grid and then to the cities via. 

transmission line. If these lines are damaged or 

broken due to unfavorable conditions even for an 

ephemeral time period can cause an outage to the 

utility. This results in monetary loss to the utility and 

discomfort to end consumers. Hence periodic 

maintenance of this asset is required. In order to 

maintain these lines an optimized schedule is needed 
for inspecting lines. 

This transmission lines are made up of galvanized 

steel, but over a period of time they deteriorate and 

are needed to repair or replace according to severity 

of damage. The inspection of this lines is done by 

three methods currently 

 

II. EXTANT METHODS 

 

The transmission lines are made up of ASCR and 

Tower structures are made of galvanized steel, but 

over a period of time they deteriorate and are needed 
to repair or replace according to severity of damage. 

The inspection of this lines is done by following 

methods currently 

 

A. Line Patrol & Methodical Inspection 

Herein each line must be checked by human which is 

very time consuming and labor intensive as they have 

to walk long distance and in difficult terrain. Either 

human walk on the land and inspect using high 

definition thermal camera as shown in Fig 2.1.a or to 

walk on the conductor. Here skilled manpower who 

can identify and repair the defects of the lines walk 

on the line (Bundled),which a high risk to human 

lives as shown in Fig 2.1.b 

 

 
Fig.2.1.a Line Patrol & Methodical Inspection[8] 

 

 
Fig.2.1.b Manual inspection on the line[8] 
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B. Another method is by using Helicopters which 

is very costly and dangerous for human as they have 
to work on live lines directly. While using helicopter 

initially all the maintenance tools and humans have to 

get statically charge and discharge after the 

completion of the task. As the helicopter are in air the 

stability and steadiness are less for minute and 

delicate inspection. There is a high probability of 

helicopter coming in contact with live wire or arching 

zone of another conductor. Thus, having high risk for 

human and surrounding resources.Fig.2.2 shows 

inspection using helicopters. 

 

 
Fig.2.2 Inspection using helicopters [8] 

 

C. Man-lifters 

Man-lifters are used for inspection and minimal 

maintenance as shown in Fig 1.3. Power outage is 

essential to use man lifter for inspection. Man-lifters 

are available from 30-40m in height whereas the 
height of towers vary from 40-110m. Hence man-

lifters can be used only for partial inspection. Man-

lifters cannot be used in rough and mountainous 

terrain. 

 
Fig 2.3 Inspection using Man-lifter [8] 

 
D. Unmanned Arial Vehicle (UAV) [1] or Drone is 

used, which involves huge risk of drone flying in 

arching unknowingly. Major Disadvantages of UAV 

are: - 

a. Very costly and Skilled and trained piolet/ 

controller is required to fly drone. 

b. Requires large amount of power. 

c. Flight time is short, and it takes a long time to 

charge batteries. 

d. The possibilities of drone coming in contact with 

live wire is high. 
 

Fig 1.4 shows inspection of transmission with 

Unmanned Arial Vehicle. Drone can click high 

definition images and also the thermal images. In 

order to fly drone a proper permission from Aviation 

Department is required which is very tedious and 

time-consuming process. 

 

 
Fig 2.4 Inspection using Unmanned Arial Vehicle [8] 

 

III. LITREARURE REVIEW 
 

A. LineScout and LineRanger 

This technology is a mobile robot for transmission 

line inspection and maintenance. It Works on live 

conductors, up to 735 kV [2] and robust to 

electromagnetic interference. LineScout is operated 

by human from ground near the tower. 

Its movement is controlled by two joysticks having 

different. modes such as displacement mode wherein 

motors of driving wheel and safety rollers are 

actuated by machinist, another joystick is used to 
control the cameras and pan-tilt unit. 

The main requirement for this robot was being robust 

in design, steadfast and applicable of real-time 

inspection and maintenance along line maintenance. 

It consists of two-wheel frame and two-gripper frame. 

The worst kind of obstacles on line like Air-craft 

warning sphere are overcomes by a sequential 

operation by using wheel and gripper frame as shown 

in Fig.3.1 LineScout Overcoming obstacles. 

 

 
Fig.3.1 LineScout Overcoming obstacles[3] 
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It can sustain up to -13°C and function normally later 

at ambient temperature. The line inspection robot by 
Hydro-Québec Research Institute, Canada i.e. 

LineScout is very heavy in weight and cannot 

overcome the obstacles more than 76mm like looped 

insulators strings which are about more than 

1000mm.it is the heaviest of all other robots, 

weighing about 100kg. 

 

B. LineRanger 

Fig.3.2 LineRanger [4] is another technology of 

Hydro-Québec Research Institute, Canada which 

slides on obstacles like spacers and dampers instead 

of jumping them. It is used especially for bundled 
wires and can’t be used for single cable along the 

line. 

As compared to LineScout[4] LineRanger is lighter in 

weight and compact in size. Unlike LineScout it does 

not engages and disengage the pulley arm, Here the 

pulleys slide along the spacers and Vertical insulator 

strings. But it does not overcome the Air-craft 

warning sphere. 

 

 
Fig.3.2 LineRanger[4] 

 

C. Expliner 

Expliner operates on double-bundled wire only, and 

having tower structure of pole type as shown in 

Fig.3.2.Theauthor proposed a robot [5] which 

performs remote inspection of overhead high-voltage 
lines. On one end of manipulator a battery housing 

and electronic components act as counter-weight 

required while jumping pole-tower. 

 

 
Fig 3.3 Expliner[5] 

 

The structure of Expliner comprises of Carbon-Fibre 

Reinforced Polymer pipes, and these pipessustains 
the various positions essential to overcome obstacles. 

Expliner weigh about 60 kg. This robot is insulated 

such as it can operate at high voltages like 500kV and 

with high electric currents (1400A) [5]. 

A trial was conducted on inclined conductor, for 

about maximum angle of 30 degrees. Linear speed of 

this robot is between 23-29m/min, depending on the 

diameter of the conductors where the robot is 

travelling. Expliner can be used only if conductors 

are two- bundled wire. It cannot be used for Guyed-V 

towers and can be used only on single pole-tower 

structures, which is very specific to the line. 
 

D. LineVue® 

Line Vue is a non-destructive method which is used 

to check condition of conductors.The LineVue® by 

Kinectrics is an inspectionrobot which uses non-

destructive method for measuring the cross-sectional 

area of the steel core wires in ACSS (Aluminum 

Conductor Self-Supporting) andACSR(Aluminum 

Conductor Steel Reinforced) wires[6]. 

 

 
Fig.3.4 Line VUE[6] 

 
Fig.3.4 shows model view of Line VUE. It uses LMA 

Hall effect sensor to detect pits, loss of steel in 

conductor and reduced cross-sectional area of 

conductor. It weighs about 20kg which is lightest [7]. 

Installation required the outage and use of crane or 

helicopters as shown in Fig3.5.a and Fig3.5.b. 

However, after installation it can run on energized 

line. Line VUE does in depth inspection by not only 

inspecting the condition of outer surface of cable but 

also the inner core conditions. While other 

technologies [2][3][5] only take images of outer 
surface. Hence internal damages cannot be detected. 

 
Fig.3.5.a. Installation of line VUE using Crane[7] 
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Fig.3.5.b Installation of line VUE using Helicopter [8] 

 

But Line VUE also has few Drawbacks as follows: - 

 Installation of Line VUE requires Outage. 

 Continuous monitoring is required as it does 

not jump any kind of Obstacles. 

 Helicopters or Cranes are required for 
installation of Line VUE. 

 It is required to installed separately for every 

tower. 

As the robot will be traveling along the lines laid on 

tower, hence it was necessary to study the structures 

of tower. And based on this study the size and shape 

of the robot was fixed. 

 

IV. MECHANICAL DESIGN 

 

A. Obstacles on Live lines (Conductor) 
There are obstacles on the lines that need to be 

overcome automatically by the robot for a continuous 

operation and inspection. There are various types of 

obstacles on overhead high-voltage lines such as 

Torsion dampers, Insulators, Strain insulators, 

Spacers, Aircraft Warning Sphere, Suspension string, 

Corona Ring, as shown in Fig.4.1 

 

 
(a)                   (b)                    (c) 

 
(d)                   (e)                  (f) 

Fig.4.1 Obstacles on live lines (a)Torsion dampers [8]  (b) 

Spacers   [8]   (c) Aircraft Warning Sphere [8]   (d) Corona 

Ring Insulators [8] (e) and (f) Strain insulators[8] 

 

According to the voltage, the length of string 

insulators varies and so does the diameter. It is 

advisable to install string insulator vertically but due 
to less availability of space, the orientation of these 

strain insulators are changed. Fig.6.2 shows various 

types of string insulators practically installed in 

transmission sector. 
 

 
(a)                              (b) 

 
(c)                                   (d) 

Fig 4.2 Types of String insulators. (a)Vertical and looped strain 

insulator (b) Vertical strain insulator with different diameters 

(c) Double-bundled strain insulator for two cables (d) Double-

bundled strain insulator for single cable. 

 

B. Obstacles on OPGW 

Obstacles on the OPGW are bonding string, torsion 

dampers and aircraft warnings only. There are no 

strings insulators on OPGW as this wire is already 

grounded or neutral with the help of bonding string. 

However, the shape and size of bonding string varies 

from one manufacturer to another. The basic function 
of the bonding string is to ground the OPGW with 

tower as shown in Fig 4.7 
 

 
Fig 4.7 Bonding String 

 

Based on the obstacles on the live conductors and on 

OPGW it is clear that number of obstacles to 

overcome on OPGW is very less. OPGW also has 
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other advantages on live conductor as stated below in 

Table.1 
 

Factors OPGW Conductor 

Outage during 

Installation 
Not required Required 

Contact to 

Tower 

structure 

No impact as tower 

and Guard wire both 

are ground 

Causes Phase fault and 

ground fault 

Maintenance 

and repair 

Easy and without 

Outage 
Outage is required 

Interference 

due to high 

inductance 

Low High 

Number of 

Run 

Only one, as guard 

wire is above 

conductors it will 

check all the 

conductors below 

simultaneously. 

Two runs are required. 

(Depends on number of 

phases). 

Insulation on 

Components 

As Guard wire is on 

Earth potential high 

Insulation is not 

required. 

Components must be 

highly insulated as Robot 

is on live wire, it may get 

statically charged. 

Wire size Same for all lines 
Different for different 

KV lines 

Clearances 

required to be 

maintained 

Only from phase to 

earth. 

Various Mandatory 

clearances according to 

IER act 1956 

Rusting of 

insulator pins 

Not possible to 

identify 

Very less possibility. 

Only of conductor on 

which robot is travelling 

Inductive 

charging 
Possible but difficult Easily possible. 

6-line tower 

inspection 

Difficult to check 

bottom most 

conductor as 

Distance increases 

Individual runs are 

required for each phase 

Table.1 Assessment of robot path between OPGW and 

conductor 

 

Based on the above preliminary analysis we can say 

that travelling of robot on OPGW is more advantages 

rather than conductor. Hence, we need to calculate the 

working space of robot near the peak of tower 

structure and decide the primary dimension of robot. 

Considering the height not more than 1m the width of 

various tower is calculated. Fig 4.8 shows a typical 
tower peak diagram required for calculation. 

 

 
Fig 4.8 Typical tower peak diagram 

Towers having a width (w) value less than 4.8 m at a 

height of 1000mm from top of tower are feasible as it 
includes 66% of total types of towers in transmission 

sector. 

 

V. CAD MODEL 

 

Basic requirement for the robot was to travel on the 

transmission line itself rather than on ground. 

According to above study of tower structure and 

OPGW, CAD models where prepared using 

SolidWorks 2018. After a few iterations a model is 

finalized which overcomes limitation of previous 

models. Fig 5 shows an isometric view of the model 
and tower structure. 

This model is designed to overcome all the obstacles 

shown in Fig.4.1 and also covers 64% of various 

tower structures in Transmission towers. 

 

 
Fig.5.Isometric view 

 

VI. CONCLUSION 

 

LineRanger, LineScout, Expliner and LineVue all 

required outage for installation. Major difference in all 

the technologies are as stated in Table 2 below. 

 
Name Weight (kg) Cable type Obstacle 

LineScout 100 
Single and 

Bundled 
0.76m 

LineRanger NA 
Single and 

Bundled 
NA 

Expliner 60 
2-Bundled 

only 
0.5m 

LineVue 20 Single only NA 

Table 2 Differences in technology 

 

LineScout can overcome only vertical string insulators 

and so does the LineRanger. Expliner can overcome 

only the single pole towers, it cannot be used for 

Guyed-V tower. Whereas the designed model can be 

used on single pole tower as well as Guyed-V Tower. 

The designed robot is lighter and weighs about 35kg 

which is lighter than most of the other robotThis robot 

is designed to travel on a long line with the deviation 

of line about ±5°.For further work the designed model 

is fabricated and will be testedin field. 
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