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Abstract 

This paper presents a literature review of degradation models for overhead power line (OHL) components. These models are 
important for informing decisions on when, where, and how to best renew parts of OHLs. The OHL components are grouped 
into the categories: conductors (the components that carry the electric energy), support structures (components that ensure the 
conductors are lifted overhead), and interfaces (the components that connect the conductors to the support structure). As found 
in the literature review, the available condition information, degradation processes, and failure modes varies between the three 
component categories. Thus, the suitability of the available approaches for degradation modeling, e.g., data-driven or physics-
based, vary between the different categories. Another observation from the literature review is that degradation models have, 
over time, been expanded to better account for the condition information, attributes, and environmental loads on the individual 
components. 
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1. Introduction 

This review is performed as part of a research project on risk-based renewal of overhead power lines (OHLs) 
named Rifok. The Rifok project will develop a framework for assessing the condition and predicting the probability 
of failure of OHLs with the aim of helping distribution system operators (DSOs) make better decisions on when, 
where, and how to renew parts of their OHLs.  

A necessary basis for developing this framework is models suitable for predicting how the individual 
components that comprise the OHLs age, degrade, and fail. As OHLs have several characteristics that separate 
them from the industrial systems usually treated in the reliability literature, we have conducted a literature review 
of degradation and lifetime models applied to OHL components. To the best of our knowledge, such a review is 
not available in the extant literature. This review focuses on components typically used on OHLs in distribution 
systems with voltage levels between 11 and 132 kV. However, as much of the existing research has been targeted 
at transmission lines operated at higher voltage levels, and because often new technology and methods are 
introduced to transmission lines before being applied at distribution lines with lower voltage levels, papers 
focusing on transmission have been included in the review when found relevant. 

This review should interest anybody wanting to model the reliability of OHLs in the distribution grid. However, 
as OHL shares many of the same characteristics as other types of critical infrastructure, i.e., a large number of 
geographically dispersed components exposed to environmental loads and long lifetimes, this work may also be 
of interest to academics and practitioners in other fields, such as road, rail, and telecommunication. 

The rest of this paper is organized as follows. The next section gives some background information on overhead 
power lines (OHLs) and the different approaches for degradation modeling. Section 3 presents the results of the 
literature review. The paper ends with some concluding remarks in Section 4. 
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2. Background 

The electric energy system comprises power generation, transmission, and distribution systems. The generation 
systems produce the power needed to meet end-user demands. Transmission systems transport large amounts of 
electric power over long distances, while the distribution system delivers electricity to the individual end-user. A 
reliable supply of electric energy is of critical importance for modern society to function, and this dependence is 
increasing as more functions are electrified in efforts to reduce greenhouse gas emissions (Alvarez-Alvarado et 
al., 2022). 

As distribution grids are natural monopolies, distribution system operators (DSOs) are usually tightly regulated 
by governmental bodies to incentivize the DSOs to achieve an acceptable balance between costs and the reliability 
of energy supply (Brown, 2002). E.g., by imposing a unit cost for expected energy not supplied during outages 
(Li, 2014) or defining design standards for OHLs (Wareing, 2005). While the components used in OHLs in 
different parts of the world are much the same, it is important to keep in mind that the design, operation, and 
maintenance policies used by the different DSOs are affected by the regulatory regimes imposed on them.  

According to (Brown, 2002), distribution systems account for up to 90% of all customer reliability problems. 
In Norway, distribution system OHLs account for more than half of the energy not supplied (Statnett, 2019). 
Therefore, effective maintenance policies for OHLs are critical for ensuring an acceptable level of reliability of 
energy supply.  

The electricity distribution grid comprises a huge number of geographically dispersed assets often organized 
in radial structures segregated into line segments by switches (Lu et al., 2022). Failure to one component will lead 
to an outage of the associated line segment (between switches) and downstream line segments until repair (Hilber 
et al., 2005). However, the resources that can be spent on analyzing the condition of the individual assets are 
limited due to the large number of assets.  

The DSOs often inspect only a small percentage of their assets each year (Salman et al., 2020) and have 
traditionally often used subjective methods where assets are classified as either fit for service until the next 

2009; Datla and Pandey, 2006). Thus, the degradation rates of the components in the different parts of the grid are, 
to a large extent, unknown to the grid operators . As the distribution grids in many countries 
are reaching their design life (Wareing, 2005), it is increasingly important to be able to predict the remaining useful 
life (RUL) of OHL components in order to prioritize and plan for their timely renewal.  

According to (Lei et al., 2018), three necessary steps before RUL predictions can be made are data acquisition, 
health indicator construction, and health stage division.   

potential for data acquisition on OHL components is improving with the ongoing developments in condition 
monitoring technology, e.g., wireless sensors (Fadel et al., 2015), drones and robots (e.g., for collection of RGB- 
and IR-images, and lidar-scanning) (Yang et al., 2020), and sensors for remote sensing of degraded components 
by measuring the voltages and currents at the lines terminals (Panahi et al., 2021). Another important aspect in this 
regard is software systems for organizing the acquired data, e.g., geographic information systems (GIS), which 
contain data on the geographical location and attributes of the individual components in the distribution grids 
(Zhou et al., 2016).  

Health indicator (HI) construction is about relating the acquired data to the health of the components. HIs may 
be physical quantities, e.g., the measured corrosion depth of a steel structure, and may be defined using discrete 
states or a continuous scale. Physical HIs, such as corrosion depth, are advantageous to use when they directly 

ability to fulfill its requ
specified load. When physical HIs are not available, or a complete understanding of the relation between the 

ng, synthetic HIs that fuse different 
data sources may be used.  

Next is health stage division, which involves relating the HI to when a component is considered as-good-as-
new, degraded, or failed (i.e., no longer able to fulfill its required function). OHL components are often considered 
to have reached their remaining useful life (RUL) when they reach a defined failure threshold and not when they 
physically collapse (Datla and Pandey, 2006). An example of a defined failure threshold used for OHL components 
is when the estimated residual strength of wood poles reaches two-thirds of their initial strength (Salman et al., 
2020). 



When these stages are completed, degradation models can be used to make RUL predictions. Approaches for 
degradation modeling are often divided into categories such as physics-based, data-driven, stochastic, knowledge-
based, or hybrid approaches (Prakash et al., 2021). Physics-based models can give accurate RUL predictions when 
detailed knowledge of the degradation process is available but sometimes require computationally expensive finite 
element modeling. Data-driven models can be used when knowledge of the degradation process is lacking. 
However, data-driven models, such as artificial neural networks (ANNs), have drawbacks in that they need a lot 
of data for training, and lack of interpretability and transparency is an issue when the output is used to inform 
decisions that may have large consequences for safety or cost.  

Stochastic models are often well suited because they can handle some unexplained randomness and thus do 
not require the same level of understanding of the system compared to a physics-based model. This approach also 
usually requires less data than data-driven models, but their application may require simplifying the actual 
degradation process to make the calculations tractable. Knowledge-based models are often based on IF-THEN 
rules collected from domain experts and can be used when both condition information and understanding of the 
degradation process are incomplete. A disadvantage of this approach is that considerable effort is often needed to 
elicit expert judgments and convert them into rules. Finally, hybrid models that combine elements from the 
different approaches are often useful when limited data and domain-specific knowledge of the degradation 
mechanism are available (Prakash et al., 2021). 

See reviews by e.g., (Lei et al., 2018), (Prakash et al., 2021), and  for additional 
information on the strengths and weaknesses of the different approaches.  

3. The literature review  

The following search string was used to search for papers that had the following words in the title, abstract, or 
keyword: ((transmission W/3 line) OR (overhead W/3 line)) AND (degradation OR deterioration OR wear OR 
decay OR fatigue OR corrosion) AND (predic* OR forcast* OR prognos*) ), where W/3 is a proximity operator 
indication that texts having the words before and after W/3 three positions apart, or less, are include in the search. 
As the state of wood poles is important for the reliability of distribution grids, a second search was performed 
focusing on this component: ((timber W/3 poles) OR (timber W/3 pylons) OR (wood W/3 poles) OR (wood W/3 
pylons)) AND (predic* OR forcast* OR prognos* OR renew* OR maintain* OR replac*).  

In total, 588 papers were found in the two searches. Based on reviews of the title, abstract, and complete text, 
47 papers containing degradation models applied to OHL components were identified. Seven papers and reports 
were later added based on references in the identified papers. Papers focusing on extreme events such as hurricanes 
and forest fires have been excluded. Papers related to the identification and rating of probabilities of trees falling 
on lines were also excluded, as this is not in the scope of this review. The search was performed in the academic 
database Scopus in November 2023, and no papers were excluded based on publication year.  

The remainder of this section presents the selected degradation models grouped in the following component 
types: conductors, i.e., the components that help transfer the electric energy; support structures, i.e., the 
components that ensure that the conductors are lifted overhead, e.g., wood poles, lattice steel towers, crossarms, 
and foundations; interfaces, i.e., components that help connect the conductors to the support structure, e.g., 
insulators and fittings. Examples of how the identified models have been used for informing maintenance decisions 
have been included to indicate the applicability of these models.  

3.1. Conductors  

The conductor is the most important part of an OHL as this component carries the electrical energy, and the 
conductors account for up to 40% of the investment costs for OHLs .  

Wind-induced vibration of the conductors is of major concern regarding the reliability of OHLs. The three 
main types of vibration that damage conductors are aeolian vibration, galloping, and subspan oscillation (Kiessling 
et al., 2003). Of these, aeolian vibration is the most common cause of fatigue failure of conductors (CIGRE, 2007) 
and a phenomenon that has been the subject of many studies . Aeolian vibration 
is most likely to occur at long spans, with high support towers, and in flat areas with steady wind (CIGRE, 2007). 
This phenomenon is thus more relevant for transmission lines than lower-hanging distribution lines. 

Aeolian vibrations lead to fretting fatigue of the wire strands in the conductor where they are arrested. This is 
normally most pronounced at the support clamps. Broken strands typically occur in the inner layers of the 
conductor. Degraded conductors due to aeolian vibrations are thus challenging to detect by visual inspections 
(Pouliot et al., 2016). The Poffenberger-Swart (PS) formula is often used to relate the amplitude of the conductor 
excitation 89 mm from the last point of contact (LPC) from the support clamp to bending stress. The rainflow 
method and Miner's rule can then be used to relate bending stress at different frequencies to residual lifetime based 
on Stress-Number (S-N) curves from experimental tests .  



The PS formula rests on several idealized assumptions and simplifies the fretting fatigue process inside the 
conductor. However, as conduct-clamp systems have often been developed and tested using this framework, 
empirical coefficients that give acceptable results for most engineering applications are available (CIGRE, 2010). 
Nonetheless, one drawback of this approach is that expensive tests must be performed on each conduct-clamp 
configuration to estimate these empirical coefficients (Miranda et al., 2023).  

Recently, several papers aiming to better represent the actual fretting fatigue processes in conductors have been 
presented. Examples are (Thomas et al., 2022), (Said et al., 2023), (Rocha et al., 2023), and (Gomes et al., 2023) 
using the Smith-Watson-Topper (SWT) parameter and detailed finite element (FE) models of the conductor-
clamping system. However, (Thomas et al., 2022) express that due to the complexity of these models, it is unlikely 
that the industry will adopt them. 

To predict the time to fatigue failure of a conductor, it is also necessary to predict the number and amplitude 
of excitations that that conductor is subjected to at the point where it is attached to the clamp. One way to do this 
is by installing sensors that measure the vibration of the conductor at 89 mm from the LPC (Kiessling et al., 2003), 
but conducting this type of measurement on a large scale is resource-demanding.  

Efforts to predict where damaging aeolian vibrations may occur have mainly followed either the stylized 
Energy Balance Principle (EBP) or a more complex dynamic mechanical modeling of the system (Liu et al., 2022). 
Based on the EBP and field experience (CIGRE, 2005), give guidance on which ratios of conductor tension and 
span lengths are considered safe from aeolian vibrations for four different terrain categories and where measures 
such as dampers are advised.  

(Liu et al., 2022) perform a numerical study using a computational fluid dynamics (CFD) model of the airflow 
around the conductor and a FE model of the conductor-clamp system and find that the EBP model overestimates 
the vibration amplitudes. Further, the time to fatigue failure is calculated at four wind speeds. However, (Liu et 
al., 2022) acknowledge that predicting the fatigue life for a conductor installed in the field requires an extension 
of the model to account for changing wind speeds and conductor tension due to differing temperatures over the 
seasons. According to (Cieren et al., 2020), the computational burden of CDF and FE models makes widespread 
use of them prohibitively expensive. On the other hand, as the simpler models based on the EBP are inadequate 
for predicting the occurrence of aeolian vibrations at low wind speed, they propose a computationally lighter model 
to fill this gap. However, the resulting predicted mean amplitude of the steady-state vibration is too small to explain 
the aging of conductors, and further development of this model is needed before it can be used to predict the 
cumulative damage to conductors in the field. Based on a study aiming to develop models for predicting conductor 
fatigue life, (Redford et al., 2019) state that due to uncertainties in several aspects, only relative predictions on 
which conductor-span configurations are expected to fail first are possible and not absolute RUL predictions. 
Relative predictions are nonetheless useful for guiding decisions on which spans to prioritize for replacement or 
mitigating measures such as dampers.  

Another source of conductor fatigue is unbalanced wire tension that appears when the wind exerts uneven force 
on the two sides of the support. In (Takahashi et al., 2020), a field test is performed to investigate this phenomenon, 
and a physics-based model for estimating the unbalanced wire tension is developed.  

(Di Pasquale et al., 2022) propose a health indicator (HI) for estimating the residual life of overhead conductors, 
where HI=100% is as-good-as-new (AGAN). The aging variables included in this HI are conductor weight, 
temperature, wind, snow, and ice. The stresses exerted on the conductor based on these five variables are calculated 
for each time increment using physics-based formulas collected from the IEC standards EN50341-1 and EN50341-
2-13. Miner

. This model is not validated against experimental tests or field data.  
(Havard et al., 1992) presents a degradation model for aluminum conductors with galvanized steel core. Based 

on tests of samples collected from the field, ductility loss of the wires in the steel core was found to be a good 
indicator for conductor RUL. An environmental corrosion index is proposed for adjusting the degradation rate 
depending on geographical location. Predicted degradation based on this model corresponded well with the results 
of test specimens collected at geographical locations with differing environmental corrosion indexes. In another 
study of corrosion, (Volokhovsky et al., 2010) measured cross-section loss due to corrosion of conductors and guy 
wires on an OHL located in Russia. Further, RUL predictions based on linear extrapolation of when the residual 
strength of these components reaches a minimum permissible safety factor are presented. In a study that uses a 
knowledge-based approach (Bhuiyan et al., 2011) present a model for predicting conductor deterioration 
depending on environmental factors such as ambient temperature, wind speed and direction, and pollution.  



According to (Jiang et al., 2012), increasing power demand often results in OHLs being operated above the 
original design loads. This may lead to overheating of splice connectors, which often have higher electric resistivity 
than the conductors. (Jiang et al., 2012) use a physics-based approach where FE analysis and thermal cycling 
simulations are validated with experimental pull-out tests. A model for predicting the shear resistance capacity of 
splice connectors depending on the number of thermal cycles and peak cycling temperature is presented. Another 
paper that considers the aging of components based on increasing power demand is , which 
study how sensors, installed in association with the introduction of a dynamic line rating operation policy, may 
also be used to measure the permanent sag of the conductor caused by thermal cycles and ice loads. The conductors 
are considered to have reached their RUL when the conductor ground clearance reaches a defined safety margin 
above the legal minimum.  

3.2. Support structures 

For many DSOs, wood poles are one of the most common components; thus, the choice of maintenance strategy 
for this component may greatly affect the total maintenance costs (Li et al., 2005). In distribution grids, wood poles 
are often preferred over other materials, e.g., steel and concrete, due to low purchase and installation costs (Salman 
et al., 2020). However, as the material properties of wood are not as uniform as steel and concrete (Lu et al., 2022), 
there is uncertainty associated with the initial strength of the wood poles (Wang et al., 2008a). Poles are also 
subject to decay over time due to fungal attacks, and the failure of old wood poles during storms and hurricanes is 
a major contributor to outages in some locations (Lu et al., 2022). The rate of decay depends on the site-specific 
characteristics, i.e., humidity, rainfall, temperature, and soil properties, the wood species used, and preservative 
treatment, e.g., application of creosote, Chromate copper arsenate (CCA), or Copper chromium phosphate (CCP) 
(Wang et al., 2008b). 

Decay of wood poles happens mainly on the ground level (Refsnaes et al., 2006), and loss of strength due to 
external decay at the ground level is the damage scenario with the most severe effect on the probability of wood 
pole failure due to wind load (Yu et al., 2016). Therefore, the degradation of the wood at the ground level is of 
great concern.  

Based on an extensive study of the degradation of wood in ground contact, (Wang et al., 2008b) developed a 
set of decay rate models. A decay lag and a subsequent decay rate is expressed in decay dept in millimeters per 
year and depends on climate zone, wood type, and the preservative treatment used.  

Several subsequent papers have used these empirical models for wood pole decay. E.g., (Wang et al., 2008a) 
presents a probabilistic procedure for the design of untreated wood poles in ground contact. Several papers have 
combined the degradation model from (Wang et al., 2008b) with scenarios for climate change to assess whether 
the rate of degradation and failure due to wind load can be expected to change in the future. In a study of Australian 
regions, the degradation rate and failure due to wind load were predicted to increase by 12 and 59 percent, 
respectively, in the period from 2015 to 2070 for the most affected region while improving slightly in another 
region (Ryan et al., 2016). Similar studies have been conducted for regions in Ireland (Hawchar et al., 2019) and 
the US (Salman et al., 2020).  

In (Ryan et al., 2014), the model by (Wang et al., 2008b) is used to present a probabilistic model for pole failure 
that take maintenance into account, and they find that even minor changes to maintenance and design may have a 
large effect on the performance of the distribution system. (Salman et al., 2019) use renewal theory to find the 
renewal interval that minimizes long-run costs for treated and untreated wood poles under different climate change 
scenarios. In a later paper, (Salman et al., 2020) propose a stochastic approach where the pole decay is modeled as 
a homogeneous gamma process and find the inspection interval that minimizes the long-run maintenance cost.  

Another paper that uses the degradation model by (Wang et al., 2008b) is (Lu et al., 2022), which presents a 
method for selecting the strategy for renewal and upgrading that minimizes investment and failure costs. (Lu et 
al., 2022) found through a case study, using a GIS system that contains information in the individual poles, that 
renewal and upgrading strategies targeted at the individual poles, as opposed to implementing the same measures 
for whole line segments, have considerably lower costs. 

In (Li et al., 2005), a degradation model based on field measurements of the residual strength of 13,940 wood 
poles is presented. This model is extended by (Shafieezadeh et al., 2014), who developed an age-dependent failure 
model for wood poles considering wind load. Later, (Mohammadi Darestani and Shafieezadeh, 2019) builds on 
(Shafieezadeh et al., 2014) to develop a model for predicting the failure of wood poles that takes into account the 

with wind strength and direction. In a consecutive paper by (Mohammadi Darestani et al., 2021), this failure model 
is combined with a consequence model based on the grid topology to develop a risk-based pole replacement 
strategy to minimize expected power outages when a given number of poles are replaced in the defined period. 
The degradation model from (Shafieezadeh et al., 2014) is also applied by (Ma et al., 2021) for modeling the effect 
of adjacent spans on the probability of failure of OHLs under wind loads from different directions. 



(Bajestani et al., 2015) and (Datla and Pandey, 2006) propose stochastic lifetime models for wood poles 
assuming Weibull-distributed failure times based on lifetime data from Canadian DSOs. Using lifetime data from 
Australian DSOs (Stillman, 1994) and (Stillman et al., 1995) use the three-parameter Weibull distribution, which 

-parameter, , i.e., a period where the probability of failure is zero. In another study 
of wood pole lifetime data, (Christodoulou et al., 2009) compare three different probability distributions and find 
the Weibull distribution to be the best choice based on the Akaike information criterion. However, for these studies, 
differences in climatic and geographical conditions within the populations of wood poles were largely not 
accounted for.  

Based on a study of about 40,000 creosote-treated wood poles, (Refsnaes et al., 2006) conclude that the decay 
rate depends heavily on climatic and soil properties. (Gustavsen and Rolfseng, 2005) suggest that the pole 
population should be divided into subsets with approximately the same conditions when estimating the parameters 
for the decay rate. This may avoid implementing an unnecessarily conservative age-replacement threshold for 
wood poles in locations with favorable conditions and an excess of failures in areas with unfavorable conditions.  

(Onyewuchi et al., 2015) presents an example of how a GIS may be used to identifying wood poles with a high 
risk of failure based on pole attributes, e.g., age, species, treatment, and location, and environmental attributes, 
e.g., the return period of severe wind load, soil moisture, and rainfall. Based on a case study of 380,000 wood 
poles, the predicted number of failures was found to vary significantly depending on geographical location, 
indicating the potential benefits of diversified asset management policies based on data from individual poles.  

Based on full-scale bending tests of new and used wood poles (Stewart and Goodman, 1990), model the 
strength of new wood poles as normally distributed and the bending strength, , at time  as , 
where  is initial strength and  is an empirical coefficient. These modeling choices are later used in (Gustavsen 
and Rolfseng, 2000), where a method for finding the expected number of wood pole failures and renewals for a 
distribution grid when the probabilistic nature of initial pole strength, wind load, and condition assessment based 
on field inspections are taken into account. This method was later expanded by (Gustavsen et al., 2002) and 
(Gustavsen and Rolfseng, 2005), where the optimal maintenance threshold for case studies based on data from 
Norwegian DSOs for condition-based maintenance policies with fixed inspection intervals are found. Both these 
papers conclude that a condition-based maintenance policy only pays off when the financial penalty incurred to 
Norwegian DSOs for non-delivered energy to end users is considered. This is in line with (Salman et al., 2020), 
which found a run-to-failure policy for wood poles favorable to a preventive maintenance policy when only the 
direct costs to the DSO, and no penalties for non-delivered energy, were included in the model. 

Wooden crossarms have received less attention than wood poles in the literature, but (Ho et al., 2008) present 
a model for correlating the remaining bending strength of wooden crossarms based on the amount of surface decay 
in critical stress zones identified using an automated image processing technique. A health indicator and an end-
of-life criterion are formulated based on experimental data and structural analysis of the crossarms.  

(Rahman et al., 2016) argue for the importance of considering soil properties (e.g., clay content, pH value, and 
chemical composition) when modeling the degradation of wood poles below ground level. A numerical example 
based on lifetime data from a DSO located in an area with unfavorable soil types is used to demonstrate how an 
inground decay factor may be used to optimize the preventive maintenance interval based on soil properties. In 
another paper that considers the effect of soil properties, (Salamoni and Rohden, 2022) evaluate the effect of 
sulfates on the degradation of concrete foundations for OHLs. An empirical model from (Atkinson et al., 1985) 
and chemical analysis of the soil are used to make RUL predictions.  

Some studies on the corrosion of lattice steel towers have been found in the literature study. (Korobov et al., 
2019), present a data-driven formula for predicting the corrosion depth of steel. Empirical coefficients for 
calculating the degradation rate based on data collected from two Russian regions are presented. (Salazar and 
Mendoza, 2009), present a study where the loading of structural members of a lattice tower design is considered, 
and the allowable thickness loss due to corrosion is calculated based on wind load and a safety factor. Further, 
RUL predictions are made based on estimated correction rates for the zinc coating and bare steel. In (Der Van Wal 
and Voncken, 2008), measurements of degradation of zinc layer and bare steel are measures for steel lattice towers 
located in the Netherlands and the UK. The measured degradation rate at different locations is compared to the 
expected rate based on the climatic class in accordance with ISO 9223.  

3.3. Interfaces 

This subsection treats the components that help connect the conductors to the supports. Insulators have the 
important role of electrical insulation and mechanical fixation of the conductors to the supports and thus are vital 
for ensuring safe and reliable operation for OHLs. Insulators are made of materials such as glass, ceramics, or 
polymer composites with differing mechanical and electrical properties (Ghosh and Khastgir, 2018). The 
degradation and failure of insulators are affected by several factors, e.g., electrical, mechanical, chemical, and 
thermal stresses (Gjorgiev et al., 2023). The differences in design and interacting stress factors complicate RUL-
predictions for insulators (Bezerra et al., 2018). 



In (Ma et al., 2023), the variables years in operation, online monitoring of insulator crack length, annual relative 
are used to train an ANN 

for predicting the remaining useful life of insulator strings. When more than two-thirds of the insulators in an 
insulator string have a crack length exceeding 0.5 millimeters, the insulator string is considered failed, and renewal 
must be performed. Based on test data, the growth in crack length is divided into four stages: no crack, linear 
growth, stable phase, and exponential growth. An application of this model is presented, and the predicted RUL 
shows good accordance with actual RUL.  

In (Valeriy and Iosif, 2022), leaked currents are measured on glass disk insulators with varying numbers or 
operating years. The primary degradation mechanism for these insulators is surface contamination, causing the 

the minimum allowed threshold is predicted by linear regression of the measured data. The authors acknowledge 
that the contamination rate will vary depending on environmental factors at the location of the insulator. However, 
this is not accounted for in this study. 

(Ghosh and Khastgir, 2018) study the degradation of polydimethylsiloxane (PDMS) composite insulators. 
Working insulators with a service life of 1 to 9 years were collected from OHLs with similar climatic conditions 
and subjected to mechanical and electrical tests to evaluate their conditions. Accelerated thermal and UV aging 
tests were also conducted to better understand the contribution factors to the degradation of PDMS insulators. 
Based on these investigations, two health indicators are proposed. The first HI is the percentage of elongation at 
break (EB) for the silicon polymer housing material. An EB of 50% is set as the defined failure threshold, and the 
formula  with empirical coefficients  and  is used to predict the degradation at time . The 
other HI is hydrophobicity, which is measured based on the contact angle of water droplets on the insulator surface. 
This HI has a defined failure threshold of 90  and a similar exponential formula as for EB is used. The insulator 
is considered failed when one of the HIs reaches its defined failure threshold.  

 investigate the degradation of long rod composite insulators due to mechanical load 
cycles caused by wind. Long rod insulators from three manufacturers are subjected to cyclic load tests until failure. 
S-N cures, which may be used to estimate the number of cycles at a given load to failure, are presented. 

Fittings are components that perform the mechanical attachment, electrical connection, and protection of 
conductors and insulators (Kiessling et al., 2003). (Refsnaes, 1997) group fitting failures into two categories: 
sudden failure due to overloading, e.g., by a fallen tree, or failure caused by gradual degradation due to adhesive, 
abrasive, or corrosive wear.  

Based on field inspections, (Refsnaes, 1997) asserts that the wear of support fittings is affected by several 
factors, e.g., wind-induced conductor swing, vertical load, climate, conductor support arrangement, and difference 
in hardness between the sliding surfaces. A later study by (Yi et al., 2021) focused on the wear and RUL prediction 
of the U-shaped fittings used to attach the insulator string to the crossarm. Based on numerical simulations and 
experiments at varying loads and swing angels the wear of the U-shaped fittings showed good accordance with 

, where  is the wear volume,  is sliding distance,  is vertical load,  is Vickers 
hardness of the softer of the two sliding surfaces, and  
coefficient. Further, (Yi et al., 2021) find the sliding distance by simulating how the wind induces motion to the 
insulator-conductor system and predict the wear rate based on this. These predictions are in good agreement with 
the wear rate from field data.  

3.4. Several components 

Some of the reviewed papers include degradation models from more than one of the three component groups. 
For instance, (Khalyasmaa et al., 2021) present a method for assessing the condition and residual life of reinforced 
concrete towers, conductors, and insulators. Models for predicting the failure probabilities based on expected wear 
rates that consider the effect of climatic conditions are also presented and tested on an OHL located in the Republic 
of Kazakhstan. 

OHLs have several components subjected to corrosion. (Kenny et al., 2009) use principal component analysis 
and an ANN to predict the corrosion rate of low-carbon steel, aluminum, and copper used at an OHL located in 
Brazil. Ten environmental parameters were included in the model. At five measurement stations located along the 
OHL, test specimens representing the different components used in the OHL were placed for two years. These test 

, to predict the 
long-term corrosion, where  is the reduction in thickness per year,  is the time of exposure, and  and  are 
coefficients fitted based on the predicted corrosion rate in the first and second year of the test. 



4. Concluding remarks 

This literature review has identified several, quite different, approaches for modeling the degradation and 
remaining useful life (RUL) of overhead line power (OHL) components. The suitability of the different modeling 
approaches is affected by factors such as the material properties of the component in question, degradation 
mechanisms, environmental stress, availability of data and health indicators, and the intended use of the model  
output. For example, in the papers in this review stochastic approaches are often used to model the degradation of 
wood poles, as wood is a material with considerable randomness. On the other hand, degradation models related 
to corrosion of steel components, which have more uniform properties, are often deterministic.  

With the technological development related to solutions for collecting, storing, and analyzing large amounts 
of data, there has been a trend toward developing more comprehensive degradation models for a more accurate 
representation of the actual degradation processes and local variations in environmental stresses for the individual 
components in a distribution grid. While this may contribute to more accurate predictions of the degradation and 
RUL of the individual components, these models are more demanding to implement and use. As distribution grids 
comprise a huge number of components, the tradeoff between potential benefits and cost of use is essential to 
consider when developing degradation models for OHL components.  

Most of the papers covered in this review only consider the degradation of a single component. In future work, 
we plan to combine degradation models for the different component types in a framework to predict the aggregated 
probability of OHL failure.  
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