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Abstract: The majority of design failures are attributed to a confluence of different stresses operating on the material both
internally and outside. If the stress levels are controlled within the system's design parameters, early failure won't happen. The
longevity of the material can be significantly shortened and failure may occur if the sum of the stresses exceeds the design capacity.
The stress value utilized in the design of a structure or machine should be significantly less than the material's tensile strength to
account for subpar material workmanship and potential overloading. Research has been done on improving the mechanical, electrical,
and thermal properties of materials by reinforcing them with nano- or micro-particles. The stresses associated with overhead
transmission lines are reviewed in this work in order to provide design and manufacturing guidelines for overhead power line
conductors. It takes into account the pressures on the conductors as well as the forces that cause such stresses.
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INTRODUCTION

Stress is a material's internal resistance to a force
or pressure that would otherwise cause it to deform
[Nabhani, F. et al., 2011]. These counterforces
tend to return the atoms in the materials to their
normal positions if the elastic limit or yield point is
not exceeded. The total resistance developed is
equal to the external load or force [Nabhani, F. et
al., 2011]. If the elastic limit or yield point is not
surpassed, these counterforces tend to bring the
atoms back to their original places in the materials.
The total amount of resistance created is equal to
the external force or load. Stress is the name for
this resistance [Levitt, J. 2015]. Materials
mechanics, also referred to as the strength of
materials, focuses on examining stresses and
deflections in materials under load [He, M. et al.,
2014; Steinmann, P. and Maugin, G.A. 2006]. The
ability to safely design structures that can hold
their intended loads is made possible by an
understanding of stresses and bending moments
[Ngo, T. et al., 2007].

However, if a force is applied to a structural
member, the force will cause that member to
experience both stress and strain [Abe, M. et al.,
2000]. In contrast to strain, which measures the
deformation brought on by the force, stress
measures the force per unit of cross-sectional area.
The two main categories of stress are shear stress
and normal stress. Since the force's direction is
parallel to the region resisting it, axial stress and
bending stress are examples of normal stress
[Irvine, M. 1992].

Since the force's direction is parallel to the region
resisting it, shear stress comes in the forms of

torsional stress and transverse shear stress
[Roberts, T.M. and Al-Ubaidi, H. 2001]. A
transmission line conductor may be loaded by an
axial force, which produces an axial stress, tensile
stress, or compressive stress; a shear force, which
produces a transverse shear stress; a bending
moment, which produces a bending stress; or a
torsion, which produces a torsional stress [Ugural,
A.C. and Fenster, S.K. 2003; Carvill, J. 1994;
Ross, C.T. and Chilver, A. 1999; Costello, G.A.
1997]. Shear strain results from shear stress,
bending strain results from bending tension, and
torsional strain results from torsional stress
[Knapp, R.H. 1988; McDiarmid, D.L. 1991;
McDiarmid, D.L. 1987; Lobontiu, N. and Garcia,
E. 2004]. Pressure-generated stresses, forces
supplied gradually, temperature-induced stresses,
friction-driven vibration stresses, torque- or
twisting-moment-induced shear stresses, and
stresses brought on by cyclic loading are examples
of induced stresses [Predki, W. et al., 2006;
Atherton, D.L. and Jiles, D.C. 1986; Varotsos, P. et
al., 1998; Ibrahim, R.A. 1994; Collins, J.A. et al.,
2009; Hetnarski, R. B. et al., 2009; Weissmiiller, J.
et al., 2003]. Transmission line stresses include
longitudinal stresses brought on by lateral
deflection, vibrational stresses, residual stresses,
and stresses originating from direct lateral
attractive and repulsive forces between conductors
[Farzaneh, M. and Teisseyre, Y. 1988; Abd-El-
Aziz, M. et al., 2011; Alfredsson, K.S. and
Josefson, B.L. 1992].

To achieve product excellence at the lowest
feasible overall cost, design is regarded as a quality
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technique. Strength, rigidity, dependability, safety,
cost, weight, ergonomics, aesthetics,
manufacturing considerations, assembly
considerations, conformance to standards, friction
and wear, life, vibrations, thermal considerations,
lubrication, maintenance, flexibility, size and
shape, stiffness, corrosion, noise, and
environmental considerations are all factors that
need to be taken into account during the design
process [Chitale, A.K. and Gupta, R.C. 2011;
Bhandari, V.B. 2013; Shim, J. 2004]. Numerous
design factors are functions of stress [Chen, G. et
al., 2004]. Designing with ergonomics in mind
involves thinking about how people (users) interact
with machines and their environments in order to
reduce the user's physical and mental strain
[Kahya, E. 2018; Khan, I. A. 2012]. The
mechanical characteristics of materials, which are
influenced by  stress, include  strength,
stiffness/rigidity, elasticity, plasticity, ductility,
brittleness, malleability, toughness, machinability,
resilience, creep, fatigue, and hardness [Singh,
U.K. 2009].

Engineering materials go through heat treatment,
which is a series of procedures involving heating
and cooling a metal or alloy in its natural state to
achieve specific desired conditions or properties
without changing its chemical composition
[DeGarmo, E.P. et al., 1997]. Heat is a type of
stress, and it is applied to engineering materials to
achieve certain desirable conditions or properties
[DeGarmo, E.P. et al, 1997]. Tempering,
spheroidizing, annealing, hardening, normalizing,
and surface or case hardening are some of the
several heat treatment procedures [Jutz, H. 2006].
The objectives of heat treatment are to increase the
hardness of metals, reduce stresses created in the
material after hot or cold working, improve
machinability, soften the metal, alter the structure
of the material, enhance its electrical and magnetic
properties, alter the grain size, and increase the
qualities of metal to provide better resistance to
heat, corrosion, and wear [Bhateja, A. et al., 2012].

Analyzing desired material qualities, screening
potential materials, and choosing the best material
are the many processes in the material selection
process for design. The minimum total number of
parts in a product, the least amount of variety of
parts, the use of standard parts, the use of modular
design, the design of parts to be multifunctional,
the design of parts for multiple uses, the choice of
the least expensive material, the design of parts to
facilitate manufacture, and the shaping of the parts
to minimize operations are all manufacturing

considerations in design [Jahan, A. et al., 2016].
Direct current (DC) produces a single-directional
force or stress, whereas alternating current (AC)
produces a vibrating force or stress [Lloyd, J.R.
1999; Radley, I. et al., 2006]. Heat is another type
of stress in addition to pressure. Strain results from
the stress that is introduced into a conductor.
Mechanical stress is the name given to this kind of
stress. Because the conductors are tensed as a
result of the temperature-induced stress in it
through voltage and current, a transmission line is
referred to as a high-tension or tensional stress line
[Karetta, F. and Lindmayer, M. 1996; Chuan, L et
al., 2014].

The main means of transporting electricity are
conductors and cables, which are essential for the
consistent, effective, and economical supply of
power [Amin, M. and Stringer, J. 2008]. Except at
lower voltage levels, conductors are typically not
insulated and are suspended overhead from poles
and towers. In contrast, cables are always insulated
and are typically utilized in underground
applications, such as in densely populated urban
areas, where the usage of overhead lines is
constrained by real estate costs, safety issues, and
aesthetic considerations [Buijs, P. et al., 2011].

Underground cables are also used in applications
where overhead lines are hard to locate, e.g., water
crossings, and they are increasingly considered
advantageous for their resilience to wind and ice
storms [Dunn, S. et al., 2018]. Metrics that can be
used to gauge advancements in the capabilities of
cables and conductors include reduced space
requirements, less electromagnetic frequency
exposure, no contribution to visual pollution, and
low life cycle costs. [Bi, Z. et al., 2016].

Long mechanical structures with an electrical
purpose, such as overhead power lines or bare
conductors, link substations together [Kopsidas, K.
et al., 2012]. In order to transmit power over great
distances, each line in the power system can be
treated as a single device. These can include a
variety of parts, including foundations, conductors,
towers, and fittings [Mensah, A.F. and Duefias-
Osorio, L. 2016]. Phase spacing, bundle
configuration, number of sub-conductors in the
bundle, and design temperature of the line are a
few of the factors that work together to determine
the values of the electrical parameters resistance,
inductance, and capacitance (expressed as R, X,
and B when computed using system frequency),
which establish the power flow capability [Adam,
J.F. et al., 1984]. Additionally, they have an
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impact on the design of the structure, the
conductor's mechanical characteristics, the cost of
the line, and the expected operating performance
[Kiessling, F. et al., 2014].

A conductor carries a current, which generates a
magnetic field that interacts with other nearby
magnetic fields to produce a force [Ramadan, Q. et
al., 2004]. Electromagnetic stress is the name for
the force created by two conductors that is
proportionate to the current and tension involved.
Large mechanical forces are produced in the
supporting system and the conductor by the high
transient current. Additionally, as current flows
through a conductor, electrons migrate from one
end to the other, imparting some of their
momentum onto the metal atoms, which then
begin to move gradually [Roy, K. 2014].
Additionally, high mechanical strains and extreme
localized heating or "hot spots" are produced by
the current [Ciappa, M. 2002]. When stressed, all
metals go through a mechanical deformation
process known as creep, which is more noticeable
at high temperatures [Collins, J.A. 1993]. The
cross-sectional area of the wire has an inverse
relationship with electrical resistance or stress
[Ruschau, G.R. et al., 1992]. The resistance or
stress to the movement of electrons is known as
electric resistance or stress [Butt, A.M. et al.,
1990]. Low electrical resistance or stress
characterizes effective electrical conductors [Chen,
Z.etal., 2011].

According to studies, copper wire in a
transmission line can withstand mechanical
deformation or creep [Li, J., and Dasgupta, A.
1993]. Silver is regarded as the best electrical
conductor, with gold, silver, copper, and aluminum
also being considered to be good conductors
[Fassler, A. and Majidi, C. 2013]. Precious metals
like gold and silver typically have more expensive
applications, which tends to restrict their use on a
big scale [Corti, C.W. and Holliday, R.J. 2004].
Copper or aluminum are often the most widely
used materials for electrical conductors. In
addition to being a good conductor, copper has
little electrical stress [Li, Y. and Wong, C.P.
2006]. Aluminum and its alloys are excellent
choices for all bare overhead transmission lines
due to copper theft and cost. In order to
recommend improvements in quality and
dependability, this study will examine frequent
stresses in conductors while highlighting the
benefits and demerits that were employed in their
evaluation.

Conductor Geometric Model Establishment
Included in mechanical stresses are: loss of
clearance, misalignment of the dynamic and static
load, overhung load and bending, and conductor
movement objects in flight, the wrong core fit
poorly shaped structures, vibration, exhaustion or
component failure persistent tensions. Then,
voltage, vibration, current, electromigration,
tracking, corona, transients, electromigration, and
electrostatic coupling are examples of electrical
stressors. Temperature gradients, thermal overload,
friction, loading, thermal unbalance, and voltage
variations are all examples of thermal stresses.
Corrosion, temperature, erosion, and wear are
examples of environmental stressors [Ciappa, M.
2002; Bonnett, A.H. and Soukup, G.C. 1992;
Offline, S. 2013; Mazzanti, G. 2009; David, E.,
Parpal, J.L. and Crine, J.P. 1996; Cygan, P. and
Laghari, J.R. 1990].

Forces and stresses can pass through a material,
but when the geometry of the material changes, the
flow lines shift in order to accommaodate the loads,
either moving closer together or farther apart. If
there is a hole or notch in the material, for
example, the flow lines will congregate close to
the hole or notch and the stress will have to flow
around it. A stress concentration is a term used to
describe the peak stress that results from the flow
lines' rapid grouping together. A stress riser is a
term for the feature that results in the
concentration of stress [Madrazo, V. et al., 2012].
A transmission cable sags due to stress [Muhr, M.
et al., 2005]. Strain or distortion brought on by
stress acting on the conductor results in sag
[Papailiou, K.O. 1997].

The following are the elements that contribute to

transmission lines sagging [Slegers, J. 2011]:

1. Temperature: The conductor's current, the
surrounding temperature, the intensity of the
sun's rays, and the wind speed.

2. Age: Over time, strand settling in and
metallurgical creep may cause conductor sag
to worsen.

3. Conductor weight: The conductor's droop is
directly inversely proportionate to its weight.

4. Span length: Sag is inversely correlated with
the square of the span length.

5. Wind: The conductor will appear heavier when
there is a wind load on it, which will increase
tension.

6. Material kind and material type.
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Force analysis for a conductor with a single-span
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Fig.1: Schematic diagram of force analysis of conductor in single-span [Oluwajobi, F. . 2012]

The internal force of an overhead line is,
calculated as follows (See Fig 1):

(@) The bending moment and the curvature have
the following relations [Li, Y. et al., 2016].
1/p = MIEI Q)

The internal force can be, obtained under the
assumption of elasticity by using the radius of
curvature p [ Li, Y. et al., 2016].

(b) Moment, M = Ellp 2
(c) Shear,

Q = (2Elpq sinB)/(EI-gp"3 cosh) 3)
(d) Axial force,
T=pdQ/ds+pqcosd=dQ/d6+pqcosh (@)
Where:

p = radius of curvature; E = elasticity; q = internal
force; | = inertia; M = moment; Q = shear; T =
axial force

The axial force can be influenced by the bending
moment and shear. Researches show that the true
axial force of a non-flexible wire is lower than that
of a flexible wire.

Generic Thermal Stress Behavior on Conductor
Temperature and stress do not depend on where
they are applied to a structure or material.
However, if the stress is maintained, the
temperature will rise, which will result in a
reduction in the material's elongation. The stress
temperature coefficient will be zero if there is no
elongation. The heat balance equation for an
overhead conductor, as depicted in Figure 2, is
equation 5. Temperature and stress do not depend
on where they are applied to a structure or

material. However, if the stress is maintained, the
temperature will rise, which will result in a
reduction in the material's elongation. The stress
temperature coefficient will be zero if there is no
elongation. The heat balance equation for an object
is Equation 5.

Qj+Qm+Qs+Qf=Qc+Qr+Qw+me(ch)/dt (5)

Fig.2 Thermal characteristics of a generic
overhead conductor represented [Li, Y. et al.,
2016]

The dynamic heat balance equation is written out
in the IEEE Standard. [Dong, X. et al., 2014]:

Qj(Tc)+Qs:Qc(Tc)+Qr(Tc)+me(ch)/dt (6)
According to Fig. 3 below, the conductor system's
net heat input (Q) determines the long-term

thermal-mechanical fatigue and creep damages.
This net heat contribution is determined by:

Q(netinput):Q(jouIeheating)+QsoIar_Qradiation_Qconduction “(7)
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Fig. 3. Thermal behavior of overhead conductors

Where:

Q = Heat capacity; Q; = Joule heating; Qn =
Magnetic heating; Qs = Solar heating; Q¢ = Corona
heating; Q. = Conventional cooling; Q, = Radiation
cooling; Q.= Evaporation cooling; mCp(dT.)/dt =
Heat transfer dynamics, T, = Temperature of
convention, m = mass; Cp = Specific heat capacity

[Li, Y. etal., 2016]

FINDINGS AND DISCUSSION

Table -1 demonstrates various conductor kinds, code names, the impact of stress on conductors, and

references
Code name | Conductor Effect of stress on the conductors Reference
description
AAAC All Aluminum Alloy | At temperatures exceeding 90-100 °C, [Kavanagh, T. and
Conductor annealing occurs and strength is lost. Sags Armstrong, O. 2010
]
ACAR Aluminum It suffers from corrosion stress. [Bobi¢, B. et al.,
Conductor 2010]
Aluminum Alloy
Reinforced
ACSR Aluminum High temperatures cause annealing and a loss [Hardy, C. et al.,
Conductor Steel of strength. It experiences galvanic corrosion as | 2005; Azevedo,
Reinforced a result of the presence of aluminum and steel, | C.R. and Cescon, T.
which are dissimilar metals, in marine 2002]
environments or in industrial environments..
ACSS Aluminum Has a relatively low strength and modulus, [Mateescu, E. et al.,
Conductor Steel which might restrict its use in areas with heavy | 2011]
Supported ice loads.
ACIR Aluminum When the conductor temperature rises, the sag | [Sato, K.I. et al.,
Conductor Invar grows more gradually. 2011]
Reinforced
ACCR Aluminum The ceramic fibers break when the conductor is | [Dobranszky, J. and
Conductor bent. Bitay, E. 2018 ]
Composite
Reinforced
ACCC Aluminum The surface of the conductor is observed to
Conductor have a higher roughness coefficient. At [Elmehdi, B.A.
Composite Core temperatures above 170°C, the core weakens 2018]
and loses strength permanently. when the
temperature is raised, sags
G(Z)TACSR | Gap Type Super The use of running blocks causes friction or [Galant, S. et al.,
Thermal Resistant tension to build between the aluminum layers 2012]
Aluminum Alloy and the steel core.
Steel Reinforced
Z(S)TACIR | Super Thermal The tensile strength is lower. Since ductility is | [Ozkurt, Z. et al.,
Resistant Aluminum | not provided by solid solution hardening alone, | 2010]
Alloy Conductor conventional invar alloy wire lacks the
Invar Reinforced necessary torsion properties to be employed as
electrical cables.
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CONCLUSIONS

Any conductor should take stress into
consideration while designing it because it is a
crucial aspect. Transmission lines are primarily
constructed  economically,  but  additional
conductive material with high strength and poor
heat conductivity is needed because of sag. It will
be easier to resist heat as stress, which results in
the thermal expansion that causes sag on the
transmission line, by using refractory metals from
the transition elements as reinforcement in the
microstructure of the Aluminum-based alloy
conductor. Heat-resistant or refractory components
should be included in the alloy to improve All
Aluminum Alloy Conductors (AAAC). In order to
improve the corrosion resistance of Aluminum
Conductor Aluminum Alloy Reinforced (ACAR),
corrosion-resistant materials should be added.
Heat- and corrosion-resistant components should
be added to the alloy of aluminum conductor steel
reinforced (ACSR) to improve it. The Aluminum
Conductor Steel Supported (ACSS) should be
engineered so that the steel, and not the aluminum,
will support the weight. The alloy of Aluminum
Conductor Invar Reinforced (ACIR) needs to have
elements with high melting temperatures. High
strength and strain fibers or elements should be
added to aluminum conductor composite
reinforced (ACCR) for improvement. Enhancing
Aluminum Conductor Composite Core (ACCC)
properties using materials that are heat-resistant
and high strength. By using a friction-resistant
lubricant, Gap Type Super Thermal Resistant
Aluminum Alloy Steel Reinforced (G(Z)TACSR)
should be enhanced. High tensile strength, high
torsion, and ductile materials should be used to
improve Super Thermal Resistant Aluminum
Alloy Conductor Invar Reinforced (Z(S)TACIR).
The conductor's strength shouldn't be impaired in
the meantime. Zinc and chromium are two metals
that can be utilized to combat corrosion stress.
Niobium and molybdenum can improve durability,
corrosion resistance, and strength of Aluminum
based alloy.

REFERENCE

1. Nabhani, F., Ladokun, T. and Askari, V.,
‘Reduction of stresses in cylindrical pressure
vessels using finite element analysis.”
In Finite Element Analysis-From Biomedical
Applications to Industrial Developments.
IntechOpen. (2012).

2. Levitt, J., “Water, radiation, salt, and other
stresses”. VVol. 2. Elsevier. (2015).

3. He, M., Gong, W., Wang, J., Qi, P., Tao, Z,,
Du, S. and Peng, Y. “Development of a novel
energy-absorbing bolt with extraordinarily
large elongation and constant
resistance.” International Journal of Rock
Mechanics and Mining Sciences. 67 (2014):
29-42.

4. Steinmann, P. and Maugin, G.A. eds.
“Mechanics of material forces.” Springer
Science & Business Media.11 (2006).

5. Ngo, T., Mendis, P., Gupta, A. and Ramsay, J.
“Blast loading and blast effects on structures—
an overview.” Electronic Journal of Structural
Engineering. 1 (2007): 76-91.

6. Abe, M. Park, G. and Inman, D.J.
“Impedance-based monitoring of stress in thin
structural members.” UNIT 45002 APO AP
96337-5002 (2000): 285.

7. Irvine, M. “Local bending stress in cables”.
In The Second International Offshore and
Polar Engineering Conference. International
Society of Offshore and Polar Engineers.
(1992).

8. Roberts, T.M. and Al-Ubaidi, H. “Influence of
shear deformation on restrained torsional
warping of pultruded FRP bars of open cross-
section.” Thin-Walled Structures. 39.5 (2001):
395-414.

9. Ugural, A.C. and Fenster, S.K. “Advanced
strength and applied elasticity.” Pearson
education. (2003).

10. Carvill, J. “Mechanical engineer's data
handbook.” Butterworth- Heinemann. (1994).

11. Ross, C.T. and Chilver, A. “Strength of
materials and structures.” Elsevier. (1999).

12. Costello, G.A. “Theory of wire rope.”
Springer Science & Business Media. (1997).

13. Knapp, R.H. “Helical wire stresses in bent
cables.” Journal of offshore Mechanics and
Arctic Engineering. (1988): 55-61.

14. McDiarmid, D.L. “A general criterion for high
cycle multiaxial fatigue failure.” Fatigue &
Fracture of Engineering Materials &
Structures. 14.4 (1991): 429-453.

15. McDiarmid, D.L. “Fatigue under out-of-phase
bending and torsion.” Fatigue & Fracture of
Engineering Materials & Structures. 9.6
(1987): 457-475.

16. Lobontiu, N. and Garcia, E. “Mechanics of
microelectromechanical systems.” Springer
Science & Business Media. (2004).

17. Predki, W., Kloénne, M. and Knopik, A.
“Cyclic torsional loading of pseudoelastic
NiTi shape memory alloys: damping and

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 (CC BY-NC- 6
ND 4.0) International License

Publisher: SARC Publisher



Uwa, C.A. et al.

Sarc. Jr. Eng. Com. Sci. vol-1, issue-8 (2022) pp-1-10

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

fatigue failure.” Materials Science and
Engineering: A. 417.1-2 (2006): 182-189.
Atherton, D.L. and lJiles, D.C. “Effects of
stress on magnetization.” NDT international.
19.1 (1986): 15-109.

Varotsos, P., Sarlis, N., Lazaridou, M. and
Kapiris, P. “Transmission of stress induced
electric signals in dielectric media.” Journal of
Applied Physics. 83.1 (1998): 60-70.

Ibrahim, R.A.”Friction-induced vibration,
chatter, squeal, and chaos—part I: mechanics
of contact and friction.” Applied Mechanics
Reviews. (1994): 209-226.

Collins, JA., Busby, H.R. and Staab,
G.H. ”Mechanical design of machine elements
and machines: a failure  prevention
perspective.” John Wiley & Sons. (2009).
Hetnarski, R. B., Eslami, M. R., and Gladwell,
G. M. L. “Thermal stresses: advanced theory
and applications.” Berlin: springer. Vol. 41
(2009).

Weissmuller, J., R. N. Viswanath, D. Kramer,
P. Zimmer, Roland Wirschum and H. Gleiter.
"Charge-induced reversible strain in a
metal." Science. 300.5617 (2003): 312-315.
Farzaneh, M. and Teisseyre, Y. “Mechanical
vibration of HV conductors induced by
corona: roles of the space charge and ionic
wind.” IEEE transactions on power delivery.
3.3 (1988): 1122-1130.

Abd-El-Aziz, M., Nashed, M.N., Adly, A. and
Abou-El-Zahab, E. “Electromagnetic forces
densities for 3 phase busbar paralle connected
to rectifier load.” 1In2011 International

Conference on Advanced Power System
Automation and Protection. Vol. 1. IEEE.
(2011): 484-488.

Alfredsson, K.S. and Josefson, B.L.

“Harmonie Response of a Spot Welded Box

Beam—Influence of Welding Residual
Stresses and Deformations.” In Mechanical
Effects of Welding. Springer, Berlin,

Heidelberg. (1992): 277-287.
Chitale, A.K. and Gupta, R.C. “Product design
and manufacturing.” PHI Learning Pvt. Ltd.

(2011).
Bhandari, V.B. “Introduction to machine
design.” Tata McGraw- Hill Education.
(2013).

Shim, J. “An exploratory study of ergonomic
work practices in selected small manufacturing
engineers.” Doctoral dissertation, University of
Kwa-Zulu Natal. (2004).

Chen, G., Burgos, R., Liang, Z., Lacaux, F.,
Wang, F., Van Wyk, J.D., Odendaal, W.G. and

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Boroyevich, D. “Reliability-oriented design
considerations  for high-power converter
modules.” In 2004 IEEE 35" Annual Power
Electronics Specialists Conference (IEEE
Cat.No. 04CH37551). Vol. 1. IEEE. (2004):
419-425.

Kahya, E., Haktanirlar Ulutas, B. and Ozkan,
N.F. “Analysis of Environmental Conditions
in Metal Industry.” Muhendislik Bilimleri ve
Tasarim Dergisi. 6.1 (2018): 38-46.

Khan, I. A. "Ergonomic design of human-CNC
machine interface.” Human Machine
Interaction-Getting Closer, InTech,

Europe. (2012): 115-133.

Singh, UK. “Manufacturing Processes.” As
per the new Syllabus, B. Tech. | year of UP
Technical University. New Age International.
(2009).

DeGarmo, E.P., Black, J.T., Kohser, R.A. and
Klamecki, B.E. “Materials and process in
manufacturing.” Upper Saddle River: Prentice

Hall. (1997).

Jutz, H. “Westermann Tables for the Metal
Trade (No. 3).” New Age International.
(2006).

Bhateja, A., Varma, A., Kashyap, A. and
Singh, B. “Study the Effect on the Hardness of
three Sample Grades of Tool Steel ie EN-31,
EN-8, and D3 after Heat Treatment Processes
Such As Annealing, Normalizing, and
Hardening & Tempering.” The International
Journal of Engineering And Science (IJES).
1.2 (2012).

Jahan, A., Edwards, K.L. and Bahraminasab,
M. “Multi-criteria decision analysis for
supporting the selection of engineering
materials in product design.” Butterworth-
Heinemann. (2016).

Lloyd, J.R. “Electromigration in integrated
circuit conductors.” Journal of Physics D:
Applied Physics. 32.17 (1999): R1009.

Radley, I., Bievenue, T.J., Burdett Jr, J.H.,
Gallagher, B.W., Shakshober, S.M. and Chen,
Z. "Method and device for cooling and
electrically insulating a high-voltage, heat-
generating component such as an x-ray tube
for analyzing fluid streams.” U.S. Patent No.
7,110,506. (2006).

Karetta, F. and Lindmayer, M. “Simulation of
the gasdynamic and electromagnetic processes
in low voltage switching arcs.” In Electrical
Contacts-1996. Proceedings of the Forty-
Second IEEE Holm Conference on Electrical
Contacts. Joint with the 18th International

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 7
(CC BY-NC-ND 4.0) International License

Publisher: SARC Publisher



Uwa, C.A. et al.

Sarc. Jr. Eng. Com. Sci. vol-1, issue-8 (2022) pp-1-10

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Conference on Electrical Contacts. IEEE.
(1996): 35-44.

Chuan, L., Bin, W. and Liang-li, Z. “Design of
monitoring system for temperature and
humidity of  high-tension  transmission
line.” Automation & Instrumentation 29, no.
10 (2014): 54-57.

Amin, M. and Stringer, J. The electric power
grid: Today and tomorrow. MRS bulletin. 33.4
(2008): 399-407.

Buijs, P., Bekaert, D., Cole, S., Van Hertem,
D. and Belmans, R. “Transmission investment
problems in Europe: Going beyond standard
solutions.” Energy Policy. 39.3 (2011): 1794-
1801.

Dunn, S., Wilkinson, S., Alderson, D., Fowler,
H. and Galasso, C. “Fragility curves for
assessing the resilience of electricity networks
constructed from an extensive fault database.”
Natural Hazards Review. 19.1 (2018).

Bi, Z., Kan, T., Mi, C.C., Zhang, Y., Zhao, Z.
and Keoleian, G.A. “A review of wireless
power transfer for electric vehicles: Prospects
to enhance sustainable mobility.” Applied
Energy. 179 (2016): 413-425.

Kopsidas, K., Rowland, S.M. and Boumecid,
B. “A holistic method for conductor ampacity
and sag computation on an OHL structure.”
IEEE Transactions on Power Delivery. 27.3
(2012): 1047-1054.

Mensah, A.F. and Duefias-Osorio, L.
"Efficient resilience assessment framework for
electric power systems affected by hurricane
events." Journal of Structural Engineering.
142.8 (2016): C4015013.

Adam, J.F., Bradbury, J., Charman, W.R.,
Orawski, G. and Vanner, M.J. “Overhead
lines—some  aspects of design and
construction.” In IEE Proceedings C
(Generation, Transmission and Distribution).
IET Digital Library. (1984): 149-187.
Kiessling, F., Nefzger, P., Nolasco, J.F, and
Kaintzyk, U. “Overhead power lines: planning,
design, construction.” Berlin: Springer. Vol.
759. (2014).

Ramadan, Q., Samper, V., Poenar, D. and Yu,
C. “On-chip  micro-electromagnets  for
magnetic-based bio-molecules separation.”
Journal of Magnetism and Magnetic
Materials. 281.2-3 (2004): 150-172.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Ciappa, M. "Selected failure mechanisms of
modern power modules." Microelectronics
reliability. 42.4-5 (2002): 653-667.

Collins, J.A. “Failure of materials in
mechanical design: analysis, prediction,
prevention.” John Wiley & Sons. (1993).
Ruschau, G.R., Yoshikawa, S. and Newnham,
R.E. “Resistivities of conductive composites.”
Journal of applied physics. 72.3 (1992): 953-
959.

Butt, A.M., Jones, H.C. and Abbott, N.J.
“Electrical resistance across the blood-brain
barrier in anaesthetized rats: a developmental
study.” The Journal of physiology. 429.1
(1990): 47-62.

Chen, Z., Ren, W., Gao, L., Liu, B., Pei, S. and
Cheng, H.M. “Three-dimensional flexible and
conductive interconnected graphene networks
grown by chemical vapour deposition.” Nature
materials. 10.6 (2011): 424-428.

Li, J., and Dasgupta, A. “Failure-mechanism
models for creep and creep rupture.” |EEE
Transactions on Reliability. 42.3 (1993): 339-
353.

Fassler, A. and Majidi, C. "3D structures of
liquid-phase Galn alloy embedded in PDMS
with freeze casting." Lab on a Chip 13.22
(2013): 4442-4450.

Corti, C.W. and Holliday, R.J. “Commercial
aspects of gold applications: from materials
science to chemical science.” Gold Bulletin.
37.1 (2004): 20-26.

Li, Y. and Wong, C.P. “Recent advances of
conductive adhesives as a lead-free alternative
in electronic packaging: Materials, processing,
reliability and applications.” Materials Science
and Engineering: R: Reports. 51.1-3 (2006):
1-35.

Bonnett, A.H. and Soukup, G.C. “Cause and
analysis of stator and rotor failures in three-
phase squirrel-cage induction motors.” IEEE
Transactions on Industry applications. 28.4
(1992): 921-937.

Offline, S. "Mechanical Behavior of Materials-
Engineering Methods for Deformation,
Fracture, and Fatigue." Pearson. (2013).
Mazzanti, G. “The combination of electro-
thermal stress, load cycling and thermal
transients and its effects on the life of high
voltage ac cables.” IEEE Transactions on

51. Roy, K. "Ultra-low-energy = computing Dielectrics and Electrical Insulation. 16.4
paradigm using giant spin Hall (2009): 1168-1179.

devices." Journal of Physics D: Applied 64. David, E., Parpal, J.L. and Crine, J.P. “Aging

Physics 47.42 (2014): 422001. of XLPE cable insulation under combined

electrical and mechanical stresses.” In

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 8

(CC BY-NC-ND 4.0) International License
Publisher: SARC Publisher



Uwa, C.A. et al.

Sarc. Jr. Eng. Com. Sci. vol-1, issue-8 (2022) pp-1-10

65.

66.

67.

68.

69.

70.

71.

72.

73.

1996 |IEEE
Electrical

Conference Record of the
International ~ Symposium  on
Insulation. IEEE. (1996): 716-719.

Cygan, P. and Laghari, J.R. “Models for
insulation aging under electrical and thermal
multistress.” IEEE Transactions on Electrical
Insulation. 25.5 (1990): 923-934.

Madrazo, V., Cicero, S. and Carrascal, |.A.
“On the point method and the line method
notch effect predictions in Al7075-T651.”
Engineering Fracture Mechanics. 79 (2012):
363-379.

Muhr, M., Pack, S. and Jaufer, S. “Sag
calculation of aged overhead lines.” ISH,
Beijing, China. (2005).

Papailiou, K.O. “On the bending stiffness of
transmission  line  conductors.” IEEE
Transactions on Power Delivery. 12.4 (1997):
1576-1588.

Slegers, J. “Transmission Line Loading Sag
Calculations and High-Temperature Conductor
Technologies.” lowa State University. (2011):
1-24.

Oluwajobi, F. I. "Effect of sag on transmission
line." Journal of Emerging Trends in
Engineering and Applied Sciences 3.4 (2012):
627-630.

Li, Y., Liu, Y. and Zhang, J. “Mechanical
Calculation of Power Lines and Strands in
Overhead Transmission Lines.” In MATEC
Web of Conferences. Vol. 50. EDP Sciences.
(2016): 02003.

Dong, X., Wang, C., Liang, J., Han, X,
Zhang, F., Sun, H., Wang, M. and Ren, J.

“Calculation of power transfer limit
considering  electro-thermal  coupling  of
overhead transmission line.” IEEE

Transactions on Power Systems. 29.4 (2014):
1503-1511.

Kavanagh, T. and Armstrong, O. “An
evaluation of High Temperature Low Sag
conductors  for uprating the 220kV
transmission network in Ireland.” In 45th
International Universities Power Engineering
Conference UPEC2010, IEEE. (2010): 1-5.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Bobi¢, B., Mitrovié, S., Babi¢, M. and Bobi¢,
I. “Corrosion of metal-matrix composites with
aluminium alloy substrate.” Tribology in
industry. 32.1 (2010): 3.

Hardy, C., Krispin, H., Leblond, A., Rawlins,
C., Papailiou, K., Cloutier, L. and Dulhunty, P.
“Overhead conductor safe design tension with
respect to aeolian vibrations.” Task Force B, 2.
(2005).

Azevedo, C.R. and Cescon, T. “Failure
analysis of aluminum cable steel reinforced
(ACSR) conductor of the transmission line
crossing the Parana River.” Engineering
Failure Analysis. 9.6 (2002): 645-664.
Mateescu, E., Marginean, D., Florea, G., St
IA, G. and Matea, C. “Reconductoring Using
HTLS Conductors. Case study for a 220 kV
double circuit transmission LINE in
Romania.” In 2011 IEEE PES 12th
International Conference on Transmission and
Distribution Construction, Operation and
Live-Line Maintenance (ESMO), IEEE.
(2011): 1-7.

Sato, K.I., Kobayashi, S.I. and Nakashima, T.
“Present status and future perspective of
bismuth-based high-temperature
superconducting wires realizing application
systems.” Japanese Journal of Applied
Physics. 51.1R (2011): 010006.

Dobranszky, J. and Bitay, E. “A New Method
for Determining the Pullability of Composite
Reinforcing Ceramic Fibres.” Acta Materialia
Transylvanica. 1.1 (2018): 19-25.

Elmehdi, B.A. “Effect of surface treatments on
the properties of bare overhead conductors.”
MSc dissertation, University of Miskolc,
Hungary. (2018): 35.

Galant, S., Vaféas, A., Pagano, T. and Peirano,
E. “Appendix A: Technology Cards on
Advanced  Transmission  Technologies.”
Advanced Technologies for Future
Transmission Grids. (2012): 285.

Ozkurt, Z., lIseri, U. and Kazazoglu, E.
“Zirconia ceramic post systems: a literature
review and a case report.” Dental materials
journal. (2010):1005080008-1005080008.

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 9
(CC BY-NC-ND 4.0) International License

Publisher: SARC Publisher



Uwa, CA. etal. Sarc. Jr. Eng. Com. Sci. vol-1, issue-8 (2022) pp-1-10

Source of support: Nil; Conflict of interest: Nil.
Cite this article as:
Uwa, C.A., Jamiru, T., Sadiku, E.R. and Nnachi, A.F. "Analysis of Sag Caused by Stresses on Electrical

Transmission Lines." Sarcouncil Journal of Engineering and Computer Sciences 1.8 (2022): pp 1-10

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 10
(CC BY-NC-ND 4.0) International License

Publisher: SARC Publisher



