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Abstract-Subsea power cables are critical assets within the 

distribution and transmission infrastructure of electrical networks. 

On review of historical failure data, we have discovered that 70% of 

their failure modes are not monitored by current commercial 

monitoring systems, which predominately focus on the internal 

failure modes associated with partial discharge or overheating using 

online monitoring methods or embedded fibre-optics. In this paper, 

we proposed a fusion prognostic model for subsea cable lifetime 

prediction, employing an analytical model which is supported by 

accelerated aging data. In addition, we present the preliminary 

results of our low frequency (LF) sonar analysis of subsea cables 

with a view to in-situ integrity monitoring of cables. Seminal 

analysis on the echo data allowed us to distinguish cable samples 

with different types and diameter differentials of 2mm. Future work 

will focus on the integration and validation of this sonar data into 

the predictions of a cable’s remaining useful life 

Keywords—Prognostics, Subsea Cables, Fusion Modelling, 

Sensing, Sonar  

INTRODUCTION 

Investment in offshore renewable energy is increasing 

globally [1]. The potential of offshore wind power in the UK is 

recognized as one of the best in the world (29 offshore wind 

farms already exist, representing an installed capacity of 

5.1 GW). The UK is planning to eventually derive 20–40 GW 

of power from offshore wind farms, which equates to an 

investment of around £80–160 billion [2].  

 Offshore installations rely on various infrastructure assets 

such as subsea cables that export the power to shore. The 

reliability of these cables determines the sustainability of the 

power supply and the economic viability of offshore wind 

farms. For a 300-MW wind farm, loss of revenue from a power 

outage due to a fault in one of the subsea cables is around £5.4 

million per month [3], and the cost for locating and replacing a 

section of damaged subsea cable can vary from £0.6 million to 

£1.2 million according to Beale [4]. The time taken to repair a 

subsea cable can be months, and hence failures in subsea cables 

can deprive utility companies and asset owners of large 

revenues, while any delay in repair and replacement can cost 

more than €20,000 per extra hour [5]. Moreover, 80% of the 

insurance claims related to offshore wind farms are associated 

with cable failures [6]. Therefore, an innovative solution is 

needed that focuses on monitoring the degradation, reliability, 

and maintenance of subsea cables. A Crown Estate report [7] 

suggested that such innovative solutions will provide 

opportunities to “reduce Operation and Maintenance (O&M) 

spending and downtime.” Hence, a prognostics and health 

management solution to monitoring subsea cable degradation 

can ensure that current and future energy assets are maintained 

in a cost-effective manner [8]. 

To date, subsea cable installations for offshore renewables 

have been guided by evidence that is broadly anecdotal, and 

using codes and standards centred on pipeline stability (notably 

DNV RP F-109), the accuracy of which has never been 

comprehensively tested [9]. To improve our understanding of 

subsea power cable failures and to inform a more intelligent 

and prognostic solution that can provide useful insight, we 

analyzed historical data on subsea power cable failures. Table 

1 lists the main causes of subsea cable faults collected by the 

utility company Scottish and Southern Energy (SSE) over a 15-

year period. It shows that the predominant failure modes are 

associated with external factors, namely cable failure due to 

environmental conditions (48%) and third-party damage 

(27%). Failure to the amour and sheath are due to wear-out 

mechanisms such as corrosion and abrasion. For third party 

inflicted failures, these are due to external events, such as 

shipping incidents. 

Traditionally, cable companies will undertake a number of 

rigorous tests to verify the mechanical robustness of a cable 

before supplying to customers [10]. These tests primarily focus 

on electrical and thermal behaviour of the cable test specimen. 

The main standard for mechanical testing is documented in 

CIGRE Electra 171[11], which describes the procedure for 

evaluating the torsional and bending stresses in cables 

particularly to assess the cable mechanical strength during 

laying operation on the seabed. 
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Cable abrasion and corrosion rate measurements are detailed 

in IEC standard [12]. In the abrasion wear test, a cable is 

subjected to a mechanical rug test in which a steel angle is 

dragged horizontally along the cable. This test was designed to 

see whether the cable can resist the damage caused during its 

installation, hence this test does not duplicate the abrasion 

behavior of the cable when it slides along the seabed due to 

tidal current. 

 

TABLE 1: SUBSEA CABLE FAULTS OVER A 15-YEAR PERIOD (UP 

TO 2006, SOURCE: SCOTTISH AND SOUTHERN ENERGY (SSE)) 

Cause of Fault Number % of 

total 

Environment      Armour Abrasion 26 22.0% 

     Armour Corrosion 20 16.9% 

     Sheath Failure 11 9.3% 

TOTAL 57 48.3% 

Third Party Damage Fishing 13 11.0% 

Anchors 5 6.8% 

Ship Contact 11 9.3% 

TOTAL 32 27.1% 

Faulty 

Manufacture/Design 

etc 

Factory Joint 1 0.8% 

Insulation 4 3.4% 

Sheath 1 0.8% 

TOTAL 6 5.1% 

Faulty Installation Cable Failure 2 1.7% 

Joint Failure 6 5.1% 

TOTAL 8 6.8% 

Other Causes Unclassified 10 8.5% 

Unknown 5 4.2% 

TOTAL 15 12.7% 

TOTAL 118 100% 

   

In terms of the commercial state-of-the-art monitoring 

systems for subsea cables, these technologies predominately 

focus on the internal failure modes associated with partial 

discharge via online partial discharge monitoring or in more 

advanced cable products distributed strain and temperature 

measurements (DST) via embedded fibre optics. These systems 

provide insight to 30% of subsea cable failure modes according 

to the historical data. With respect to partial discharge 

monitoring, these monitoring systems detect the failure event, 

this may indicate the cable is compromised as opposed to 

failed, but nonetheless does not always represent a precursor 

indicator of failure. Given the logistical and accessibility 

challenges associated with subsea cable inspection and repair, 

precursor data will have the greatest impact on subsea cable 

reliability and associated operation and maintenance costs. Out 

with these in-situ methods, subsea cable inspections are limited 

to diver inspection and video footage which has many 

limitations such as requiring good visibility, access to the cable, 

challenges in locating the cable and data being limited to visual 

observations. 

 

In terms of predicting cable failures, very little has been 

reported on the modelling of subsea cables and their wear out 

mechanisms due to corrosion and abrasion. Larsen-Basse et al 

[13] developed a model to predict the lifetime on a cable of 

length 40 m suspended between rocks in a deep-water section 

of the Alenuihaha Channel in Hawaii. Their model focused on 

localised abrasion wear on a section of cable route hanged 

between rocks. They used a catenary model to predict the 

movement of the cable in this region, but their model did not 

take into account the full length of a cable and did not include 

the effects of corrosion and scouring, which will restrict cable 

movement. Wu [14] developed a model to predict lifetime of a 

cable by including both the effects of abrasion and corrosion, 

but their model required cable movement to be measured and 

provided as an input into the model. Measuring cable 

movement by sensor collars is a viable option, but that option 

is economically unviable, hence in this study a mathematical 

model was developed and utilized to predict the cable 

movement. 

 

Booth & Sandwith [15] provide details for obtaining the 

abrasion wear coefficient for a polyethylene outer using the 

Taber abrasive test. Their article details several factors, which 

affect abrasion wear rates such as the effective coefficient of 

friction between an abrasive wheel and the test specimen. This 

Taber test can be used to obtain wear rate coefficients for 

different seabed conditions (sand, rocks, etc.). However, data 

from such a test has never been used within a modelling 

analysis.  

 

  In this paper, we present two new findings; firstly, we use bio-

sonar to examine subsea cables. The bio-inspired wideband 

sonar as employed by Capus et al., [16] for underwater target 

detection and tracking. The researchers developed a compact 

bio-inspired sensing system which can be applied to 

autonomous tracking of underwater cables. The authors find 

that wideband sonar is highly effective in classification and 

recognition of mid-water and bottom set targets. A study by 

Dmitrieva et al. [17] also illustrated the use of sonar for object 

classification. The echo responses from Biosonar scan of 

underwater objects were represented in the Time-Frenquency 

Domain (TFD) and fed into a Convolution Neural Network 

system for classification, the accuracy of using sonar echo 

response in object classification reached 98.44%. This 

suggested that there is potentially significant benefit from using 

bio-sonar in subsea cable classification, monitoring and 

inspection.  

 

Secondly, we present a fusion prognostic model for subsea 

cable lifetime prediction. Our analytical model is informed by 

historical data, offline accelerated aging tests, and modelling of 

cable failure modes. We can predict a defined subsea cable 

lifetime by calculating cable movement under different seabed 

conditions and tidal flow inputs, and predict the amount of 

cable wear that will occur creating the damaging effects of 

abrasion and corrosion.  

 

The structure of the paper is as follows; section (1) provides an 

overview of the structure of subsea power cables and the key 

design parameters for lifetime prediction. Section (2) describes 

our mathematical model for predicting the cable sliding 

distance, abrasion and corrosion rate and lifetime. Within 

section (3) a case study on the cable remaining useful life (RUL) 

prediction process using the model from section (2). Section (4) 

introduces how we adapted bio-sonar techniques as an 

inspection tool for cable monitoring, and finally, section (5) 



 

 

 

 

concludes with a summary of the key outputs and observations. 

 

I. SUBSEA CABLES 

 

Currently, two types of high-voltage subsea cables are widely 

deployed: high-voltage alternating current (HVAC) cables and 

high-voltage direct current (HVDC) cables. HVAC cables are 

“three-phase” cables using solid insulation (ethylene propylene 

rubber (EPR) or crosslinked polyethylene (XLPE)) [18].  

 

Figure 1 details the geometry and materials for a typical 

subsea power cable. The core copper conductors at the centre 

of the cable are surrounded by a number of insulating layers. 

These insulation layers can degrade due to a combination of 

temperature, electric, chemical, and mechanical stresses, and 

they are designed to prevent partial discharges and overheating 

[10]. Protecting these insulation layers is accomplished using 

water blocking sheaths made of polymeric or metal materials. 

These protection layers consist of the armour (usually made of 

galvanised/stainless steel wires) which provides tension and 

compression stability, mechanical protection particularly 

during laying operation (installation), and from external 

aggression like abrasion from the seabed and rocks [19]. 

 

 

 
 
Fig.1 Subsea power cable construction layers (Source of Hellenic Cable 

industry [20]) 

 

Along the cable length on the seabed, it will be subjected to 

different localized tidal flows and abrasion due to different 

seabed conditions e.g. seabed material, localized tidal velocity 

etc. This will affect the local movement of the cable and rates 

of abrasion and corrosion to the multi-material structure of the 

cable.   Hence a model must be able to capture these localized 

effects to ensure that damage locality and lifetime of the cable 

is accurately assessed.  

 

The following section details the model in terms of its 

capability to predict local sliding distance, scouring, and wear 

due to abrasion and corrosion.   

 

II. PREDICTING CABLE LIFETIME 

 

A. Mathematical Model  

 

We first find sliding distance with a mathematical model 

involving mechanical forces acting on cables. The subsea cable 

experiences two dominant mechanical forces along the tidal 

current axis: the drag force (FDrag) due to tidal flow and the 

frictional force (FFriction) due to the seabed in the opposite 

direction (as illustrated in Figure 2) 

 

 
Fig 2. Forces acting on cable 

 

The drag force can be calculated using widely cited equation 

(1), where FDrag is the drag force, ρ is the density of the 

seawater, v is the velocity of the cable relative to the seawater, 

A is the reference area, and C is the drag coefficient. In this 

study, we adopt C equals 1.2 which is a widely cited value for 

cylindrical immersed object [21]. The frictional force can be 

calculated using the equation (2) where FBuoyancy is the 

buoyancy force, FGravity is the gravitational force, and μ is the 

friction coefficient. The friction coefficient μ is typically 

between 0.2 and 0.4 [22].  

    

𝐹Drag = 0.5𝜌𝑣2𝐴𝐶                                 (1) 

   

𝐹Friction = (𝐹Gravity − 𝐹Buoyancy)𝜇                (2) 

 

Given a tidal flow profile, we use a catenary model to predict 

sliding distance (S) along the cable route. As illustrate in Figure 

3, the cable is fixed at both ends (A, B) and the forces 

experienced at longitudinal and transverse directions at these 

locations are Ax, Ay, Bx, By. Using the equation of moment 

equilibrium [23], the sliding distance Yn-1 of the cable in each 

cable zone can be predicted. Specifically, we can obtain Ay and 

By as functions of the forces on each cable segment and cable 

zone lengths 

 

𝐴𝑦 =
∑ 𝐹𝑖 ∑ 𝑋𝑗

𝑛
𝑗=𝑖+1

𝑛−1
𝑖=1

∑ 𝑋𝑘
𝑛
𝑘=1

                                                   (3) 

𝐵𝑦 =
∑ 𝐹𝑖 ∑ 𝑋𝑗

𝑖
𝑗=1

𝑛−1
𝑖=1

∑ 𝑋𝑘
𝑛
𝑘=1

                                                    (4)       

  

 
Fig 3. A catenary model with concentrated loadings 

 



 

 

 

 

In equilibrium, the horizontal forces, Ax = Bx. Using the 

moment of equilibrium at each loading point, we can obtain a 

common derivation for sliding distance 𝑌i as follows: 
 

𝑌i =
𝐴y ∑ 𝑋j

𝑖
𝑗=1 − ∑ 𝐹k

𝑖−1
𝑘=1 ∑ 𝑋l

𝑖
𝑙=𝑘+1

𝐴x
                        (5) 

 

√𝑋1
2 + 𝑌1

2 + ∑ √𝑋𝑖
2 + (𝑌𝑖

2 − 𝑌𝑖−1
2 )𝑛−1

𝑖=2 + √𝑋𝑛
2 + 𝑌𝑛−1

2 = (1.01) ∑ 𝑋𝑗
𝑛
𝑗=1        (6)                                                                                                  

 

 

Based on 1% slacking ratio, the length of the equilibrium 

cable is equal to the 1.01 times the direct distance between 

point A and point B. From equation (5) and (6), we can derive 

an equation for the single variable Ax, which can be solved by 

algorithms such as Ridder’s or Newton-Raphson methods [24], 

then the approximate sliding distances ({Yi}i=1, 2…n-1) of 

each cable segments can be extracted.  

 

When the cables are laid on the seabed, tidal current can cause 

cable scouring. In steady current, critical scouring velocity 

(VCritical) for onset of scour can be predicted using the equation 

(7) (See Sumer et al [25] and Arya et al [26]). 

 

𝑉Critical =
√

0.025𝑔𝑑Cable(1 − 𝜙)(𝑆𝐺 − 1)𝑒
(9√

ℎInitial
𝑑Cable

)

   (7)   

                                        

Where, dCable is cable diameter, hInitial is initial burial depth of 

the cable, g is acceleration due to gravity, ϕ is porosity of 

seabed, and SG is specific gravity of sediment grains. For a 

cable on the seabed, the maximum scour depth at the 

equilibrium state is called equilibrium scour depth (hScour) 

(equation (8)). To calculate the time scale of the scouring 

process, first undisturbed bed friction velocity (VBedFriction) need 

to be calculated [27,28] as in equation (9), where dwater is the 

water depth, rbed is the seabed roughness (normally taken as 

2.5×d50), d50 is the representative diameter of the seabed 

sand/sediment grain. Using 𝑉𝐵𝑒𝑑𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 , time scale for 

scouring (tscour) is calculated [27, 28] as in equation (10) 

  

ℎScour = 0.972𝑑Cable
2 (

𝑉Tidal
2

2𝑔
)

2

                            (8) 

𝑉𝐵𝑒𝑑𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛 =
𝑉𝑇𝑖𝑑𝑎𝑙

2.5[𝑙𝑛(
30𝑑𝑤𝑎𝑡𝑒𝑟

𝑟𝑏𝑒𝑑
)−1]

                           (9) 

                                                                                          

𝑡𝑠𝑐𝑜𝑢𝑟 =
𝑑𝐶𝑎𝑏𝑙𝑒

2

(𝑔(𝑆𝐺−1)𝑑50
3 )

(
1

50
) (

𝑉𝐵𝑒𝑑𝐹𝑟𝑖𝑐𝑡𝑖𝑜𝑛
2

𝑔(𝑆𝐺−1)𝑑50
)

−
5

3
              (10) 

 

In addition to scouring damage of the subsea cable can also 

result from abrasion and corrosion. Mathematical models for 

abrasion and corrosion are discussed below. 

 
The widely used Archard abrasion wear model has been 

adopted in this study [29], where VAbrasion is the wear volume 

(m3) due to abrasion, FCable is the cable weight in water (N), 

dSliding is the sliding distance (m), H is the hardness (N/m2), and 

k is the wear coefficient. 

 

𝑉𝐴𝑏𝑟𝑎𝑠𝑖𝑜𝑛 = 𝑘
𝐹𝐶𝑎𝑏𝑙𝑒𝑑𝑆𝑙𝑖𝑑𝑖𝑛𝑔

𝐻
                           (11) 

 

The wear coefficient k is a variable based on each material 

and its interaction with a particular seabed. A detailed list of 

different abrasive wear models for plastic materials can be 

found in Budinski’s [30].  

 

The widely cited [31] equation to calculate the corrosion wear 

is expressed as in the equation (12), where VCorrosion is the wear 

volume due to corrosion (m3), AExposed is the exposed area of the 

material to seawater, t is the elapsed time after the cable is laid, 

TCoating is the life of the coating (time scale of coating to 

disintegrate. c1 is the corrosion penetration rate, and c2 is 

usually assumed as 1/3 or pessimistically assumed as one. 

 

𝑉Corrosion = 𝑐1𝐴Exposed(𝑡 − 𝑇Coating)
𝑐2

         (12) 

 

If the equilibrium scour depth (Equation 8) in a zone is greater 

than cable radius, then we assume that the cable will become 

buried and will not experience sliding and abrasion at that zone.  

Hence, wear-out damage of the cable in that section will be due 

to corrosion on armour layer only. 

 

B. Predictions of Cable Lifetime 

 

Based on a pre-defined tidal flow, we have shown that it is 

possible to calculate sliding distance (equation (5), volume of 

material loss due to abrasion (equation (11)) using a measured 

abrasion wear coefficient (k) (e.g. from Taber test). Equation 

(12) results in prediction of material loss due to corrosion. 

 

To obtain the abrasion wear coefficient (k), we conducted a 

Taber experiment on polypropylene, bitumen and steel armour 

test samples in flat sheet form were sourced from the cable 

manufacturer. The Taber 5130 abrader machine was used and 

the experiments were undertaken according to the ASTM 

D4060-10 standard [32]. Three abrasive wheel types were used 

in the experiment. The test results were used to identify the 

wear coefficient ks for the stainless steel. The equation (11) is 

utilised to extract the steel wear coefficient ks. The wear 

coefficient k of all three layers materials for three abrasive 

wheel types (H10, H18, and H38) are on the Table 2. 

 
TABLE 2: WEAR COEFFICIENTS OF LAYER MATERIALS FROM 

TABER EXPERIMENTS 

 

Wheel Type Wear Coefficient 

of Polypropylene 

Wear 

Coefficient of 

Bitumen 

Wear 

Coefficient of 

Stainless steel 

H10 6.548×10-4 4.21×10-5 6.628×10-4 

H18 8.8308 ×10-4 1.703×10-5 2.773×10-2 

H38 8.35×10-5 1.078×10-5 1.974×10-3 

 

The wear coefficient of the composite material (kc) are 

derived from inverse rule (see Lee et al [33]) as in equation 



 

 

 

 

(15), where Vb is volume fraction of bitumen, Vp is volume 

fraction of polypropylene, kb is wear coefficient of bitumen, 

and kp is wear coefficient of polypropylene. 

 

𝑘𝑐 =
1

(
𝑉𝑏
𝑘𝑏

+
𝑉𝑝

𝑘𝑝
)
                                   (15) 

 

Combining these predictions, we can develop a model to 

predict lifetime of the cable.  An environmental input to such a 

calculation is the tidal flow pattern at each local section of 

cable. Figure 4 illustrates a typical tidal flow pattern of current, 

which follows a Semi-diurnal shape. 

 

Based on the above tidal flow pattern, the tidal flow moves 

the cable to extreme sliding distance eight times. The sliding 

distance predicted by equation (5) is multiplied by eight for the 

actual sliding distance of a cable segment in one lunar day.  

 

 
Fig.4. the most common tidal pattern 

 

Equation (13) is used to predict the overall mean time to 

failure (MTTF) for each section of cable. VTotal is the total 

volume that can be lost in each cable protective layer before 

failure occurs. 𝑉𝐴𝑏𝑟𝑎𝑠𝑖𝑜𝑛
𝑑𝑎𝑦

 is the abrasion wear rate per day, and 

𝑉𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛
𝑑𝑎𝑦

 is the corrosion wear rate per day. 

 

Lifetime =  
𝑉𝑇𝑜𝑡𝑎𝑙

(𝑉
𝐴𝑏𝑟𝑎𝑠𝑖𝑜𝑛
𝑑𝑎𝑦

+𝑉
𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛
𝑑𝑎𝑦

)
                    (13) 

 

Finally, Figure 5 details each protective layer that needs to be 

considered in predicting material loss. To predict the lifetime 

of the cable, we need to calculate the maximum volume that is 

lost for each layer using the following equation (where 
𝜃3

2
=

𝐶𝑜𝑠−1 (
𝑟−ℎ1−ℎ2−ℎ3

𝑟−ℎ1−ℎ2
) ): 

 

Volume of 𝑉33 = (𝑟 − ℎ1 − ℎ2)2 (𝜃3−𝑆𝑖𝑛(𝜃3))

2
 

 

The time to failure of third layer is defined by equation (14): 

 
𝑉33

𝑘3𝐹𝐶𝑎𝑏𝑙𝑒𝑐𝑑
𝑆𝑙𝑖𝑑𝑖𝑛𝑔
𝑑𝑎𝑦

𝐻3
+𝑐31𝐿3(𝑡−𝑇3

𝐶𝑜𝑎𝑡𝑖𝑛𝑔
)

𝑐32

                      (14) 

 

where  𝑐 =
𝐿3

𝐿1+𝐿2+𝐿3
 ,  

 

H3 - the hardness of the third layer material 

k3 - abrasion coefficient of the third layer material 

- cable sliding distance in one day 

- the coating time of the third layer material 

 t - elapsed time (days) after laid 

 c31 - corroded/ pitted depth of third layer material per day 

c32 - constant for third layer material of the corrosion wear 

model (Equation 12) 

V33 -  volume of the third layer 

θ3 -  angle as in Figure 5 

FCable – The resultant force (FDrag – FFriction) 

L1, L2, L3 – cross sectional length of layers as in Figure 5 

 

In a similar way, failure time can be derived for each layer 

volumes (V32 and V31) on each stage. Complete failure occurs 

once the armour layer of the cable is worn out. 

   

 
 

Fig.5. schematic view of layer volumes in stage three 

 

III. CASE STUDY 

 

The above modelling methodology has been coded into a 

software tool: CableLife (see Figure 7). The software tool is 

written in Visual Basic for Applications (VBA) and is linked to 

a database containing different cable designs, layouts and cable 

properties. The tool can be used by designers to assess the 

impact of different cable layouts and tidal flow patterns on 

cable wear by both corrosion and abrasion at the early stages of 

design and deployment. Figure 6 details the overall modelling 

methodology for predicting lifetime of a subsea cable. 

day

Slidingd

CoatingT3



 

 

 

 

 
 

Fig.6. High-level illustration of CableLife software flow diagram. 

 

To illustrate the use of CableLife, a case study is conducted. 

Unlike supervised learning models which have training and 

validation data sets, the fusion model is blind tested via 

industrial case studies from historical failures that were not 

integrated into the initial Failure Mode, Mechanism and Effect 

Analysis (FMMEA). The subsea cables are divided into 

subsections (zones), initially for each zone, the critical velocity 

for scour is evaluated and compared with tidal flow velocity. 

Separate catenary models on both sides of the buried cable are 

formed. This process is repeated close to zones where the cable 

is self-buried. Then the sliding distances are predicted for each 

zone. Abrasion wear is generated using the sliding distance 

predictions. Cable lifetime is predicted for each zone using 

equation (14).  

 

 

 

  

The data on this case study is an arbitrary data. The length of 

the route was assumed as 2.1Km between two islands. The 

abrasion wear data for the cable was obtained from the Taber 

experiment (Table 2). The route was divided into 13 zones with 

varying tidal flow current ranging from 2 to 1 m/s. The cable 

specification (an arbitrary data) used in this study is detailed in 

Table 3.  

 
TABLE 3. CABLE SPECIFICATIONS OF SINGLE ARMOUR CABLE 

Physical properties Value 

Overall diameter of the cable 110 mm 

Unit cable weight  20 Kg 

Thickness of first outer layer (Polypropylene) 2 mm 

Thickness of third layer (Armour) 6 mm 

Thickness second outer layer (Bitumen) 3 mm 

 

 Cable failure is assumed once the protective armour layer of 

the cable is worn out. Assuming that the section of cable at zone 

7 was self-buried due to scouring effect on that zone. Hence the 

segment in zone 7 would not slide. From the sliding distance 

derivation, the maximum sliding distance of the cable was 

identified as 60.7 m at zone four. The schematic plot of the 

sliding distances and the tidal current flow rate of each zones 

are in the Figure 8. RUL plot of single armour layer cable for 

same environment condition for zone four (worst zone) is in 

Figures 9. The plot is extracted by varying the wear coefficient 

values of cable layer materials derived from the Taber 

experiment.  Doubling the armour layer increases weight of the 

cable and also diameter of the cable. Hence, the sliding distance 

will be lower to double layer armour cable. The lifetime (RUL) 

of the double layer armour cable will be higher than the single    

layer armour cable

               Fig.7. Cable Life Software Graphical User Interface (GUI) 

 

 
 

Fig.8. the schematic plot of the sliding distances, lengths and the tidal current flow rate of each zones 

 



 

 

 

 

 
 

Fig. 9. Lifetime (RUL) prediction of single cable at zone 6 using wear 

coefficient extracted from using H10, H18, H38 Taber abrasive wheels 

 

This is the first time that such a prognostic tool can provide 

utility and cable companies with the ability to predict cable 

lifetime taking into account scouring, corrosion, and abrasion 

for different cable constructions and environmental conditions, 

with the input of cable specification and layout on different 

seabed conditions and tidal flow profile. Blind trial verification 

of our model with failure case studies validated that accuracy 

of our model to within 2-3 months of ground truth failure.  

 

The following section introduces a new sensing modality 

being investigated for in-situ subsea cable integrity monitoring.  

 

IV. BIO-SONAR INSPECTION  

 

As illustrated in sections II and III, we have used 

mathematical models to incorporate environmental parameters 

into cable RUL predictions. The predictions also account for 

abrasion, corrosion and scouring effects underwater. However, 

in actual operating circumstances, prediction of external cable 

failure modes requires in-situ measurements due to the 

sensitivity of the degradation rates to local ambient conditions. 

After a review into suitable subsea monitoring technologies, we 

have identified that bio-sonar, low frequency sonar, may 

represent a means of inspecting cable integrity.  

 

In this study, different cables are placed in a water tank 

equipped with a bio-sonar. The sonar scans the full cable length 

generating echo response data. As a first step, we aim to analyse 

the data to distinguish acoustic signatures of different cables, 

which helps to build up a classification mechanism for cable 

identification. 

 

A. Experiment set-up and Data Acquisition 

 

 The echos are recorded in a 3m*4m*2m water tank in the 

Ocean Systems Laboratory in Heriot Watt University using the 

Bio-sonar. The cable is suspended in tank in fixed position 1.5 

m from far wall of tank, with the midline at approx. 90 cm depth 

to coincide with acoustic centres for the transducer array. The 

wideband works in the frequency range 30kHz to 160kHz and 

allows transmitting pulses of different shape and duration 

(Figure 10). 

 

 
 

Fig.10. Experimental set-up: cable installed within test tank with gantry 

utilized for deploying the sonar, 
 

The bio-sonar system (Figure 11) works as follows: A digital 

pulse is loaded from a text file located on the on-board 

computer. The digital pulse goes through a digital to analogue 

converter and an electronic module before reaching the active 

element of the transmitter. The active element transforms the 

pulse into an acoustic wave. The acoustic wave propagates 

through water, is reflected by cables, and eventually reaches the 

active elements of the receiver. The active elements transform 

the acoustic wave into individual analogue electrical signals. 

The signals go through electronic modules before reaching the 

analogue to digital converters. At this point, the signals are 

digital and ready to be saved to binary data files on the on-board 

computer. The personal computer is connected to the bottle 

with the Ethernet cable to obtain the echo data. The sampling 

frequency is the same for all A/D and D/A converters and is set 

to 1MHz in this study. The voltage at the output of the D/A 

converter is empirically set to 2V to ensure the convenient 

amplitude for the echo response. 

 

 
 

Fig.11. A schematic of the sonar experiment. 

 

B. Echo representation and selection 
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   Recordings made in a water tank contain reflections from 

the cables, walls, bottom of the tank and other surfaces (Figure 

12 (a)). We need to select the echo segment from the cable that 

contains the response representing the cable and its properties. 

Figure 12 (b) shows the selected segment of cable No.2 from 

the recording based on the matched filtering of the initial and 

returned pulses, from 2.5 meters from the sonar transmitter. The 

peak related to the cable of interest is located in the known 

range between 2m to 2.5m, corresponding to time of 0:002ms 

and 0:004ms. 

 

 

 
 

Fig.12. (a) Recording of a whole response; (b) selected echo segment of the 

cable 

 

In this study, we collected 4 different cable samples (as 

illustrated in Table 4). The cables are placed in a water tank and 

scanned under various experimental settings. Selected echo 

segments for the cables are used for further analysis. 

 

 

C. Preliminary analysis on cable samples 

 

1) Single Cable Analysis 

 

In order to make identification of subsea cables with bio-

sonar, it is necessary to explore factors that can affect the sonar 

echo response from scanning the cables. In our experiment, we 

first explore the impact of the distance between bio-sonar and 

the cable on the echo responses. Additionally, we explore 

whether different segments of the cable will return different 

echo responses when a full-length scan is carried out on a cable 

naturally suspended in the water tank.  

 

The distance between the bio-sonar and the cable might 

affect the received echo response from scanning a cable. If we 

were to find consistent echo patterns for the same cable placed 

at varying distances from the scanner, then distance may not 

actually affect the bio-sonar cable identification.  Thus, we scan 

different cable samples by placing them at different horizontal 

distances from the sonar and examine if the returned signals 

from one cable will show consistent patterns at these distances.  

 

Meanwhile, because the cable is bent in the water tank, the 

distance between the sonar and cable is not constant when we 

scan the cable on its full length, the natural bending creates 

varying angles between the cable and the sonar. Thus, we 

explore whether the echo responses on different segments of the 

same cable will differ from each other. If the echo responses at 

different segments of the same cable show substantial 

differences, then the bio-sonar might not be able to accurately 

identify bended cables.  

 

To examine the two factors, we conducted two sets of 

scanning and analysis. For the distance factor, we placed each 

cable sample at three different distance from the sonar: 0.5m, 

1.5m and 2.5m. The sonar scans the centre of each cable and 

return echo are obtained and analyzed. For the bending factor, 

we hold distance to sonar constant at 2 metres and conduct a 

full-length scan from the left end to the right end of the cable, 

and then compare echo responses from the central segment and 

the right-end segment.  

 

 

 

Fig.13. Comparison of the Echo of cable No.2 at 3 different distances from 

the sonar 

 

Figure 13 illustrates the whole echo response from sonar 

scan on cable 2 for the distance factor test. The yellow, red and 

Table 4. CABLE SAMPLE SEPCIFICATION  

Cable 

ID 

Description Diameter 
(mm)  

Length 
(mm) 

1 11 kv polymeric insulated 

submarine cable 

 

35 2900 

2 Wet-aged samples that 

undergone a 400kV 

breakdown test 

60 2950 

3 Aged Powercore cable  42 3030 

4 Unaged Powercore cable  40 2990 



 

 

 

 

blue echoes correspond to the 0.5m, 1.5m and 2.5m tests 

respectively. Figure 14 shows the selected echo from sonar 

scan when the transmitter is positioned at central (yellow) and 

right end (blue) of cable 1. These results show that neither the 

distance nor the bending factor seems to have a significant 

impact on the consistency of echo response patterns for the 

same cable.  

 

 

 

Figure.14 comparison of the acoustic answer of two different points on cable 

No.2 

 

2) Echo analysis on different cables 

 

Another important step to achieve a classification 

mechanism for cable identification is to distinguish between 

different cable types.  

 

In this experiment, cable 1 and cable 2 were firstly scanned 

at their center with the same distance （2.5M）from the sonar 

scanner. Whole echo responses are collected and then the 

selected echo segments are extracted as shown in Figure 15. 

 

 
 

Fig.15. Selected segment comparison between Cable No.1 and No.2 

 

For a typical selected echo like Figure.12, the first peak from 

the signal represents the first reaction between sonar pulse and 

the cable. The following peaks represents the reactions when 

the sonar signal has penetrated through the cable, which 

contains information of the inside of the cable and the materials 

within it.   

 

With the comparison of selected echo segments from Figure 

15, we have learnt that the bio-sonar is capable of distinguishing 

these two types of cables. We assume the significant different 

amplitudes in the first peak give us knowledge of the physical 

differential like diameters, and the difference of the following 

peak between two cables shows the potential for the bio-sonar 

to distinguish two cables from the internal materials.  

 

 Results from two cables with similar diameters but different 

aging status (Figure.16) also encourage us that it is possible to 

use bio-sonar as an inspection tool for cable condition 

monitoring, to distinguish and verify different cable health 

stages.  

 

 
 

Fig.16. Selected segment comparison between Cable No.3 and No.4 

 

V. CONCLUSION AND FUTURE WORK 

 

This paper presents a mathematical modelling framework to 

incorporate environmental factors in predicting subsea cable 

lifetime. The model is able to predict underwater cable 

movement which includes the effects of scouring based on tidal 

flow profiles. By conducting Taber experiments, we obtained 

the abrasive wear coefficients and integrated damaging effects 

from abrasion and corrosion into cable lifetime prediction. 

 

We also utilized bio-sonar to inspect a sample of cables and 

analyzed the echo response data to distinguish between 

different cable types in a water tank setting. Future bio-sonar 

inspections are to be conducted when introducing controlled 

points of damage to sample cables, representative of real failure 

modes, which will enable us to create cable classifications and 

build a cable health data library. We are also planning to 

conduct sonar experiments with different tank environment 

settings. For example, placing test cables next to hard objects in 

water tanks to mimic subsea cables surrounded by rocks; 

placing cables at the bottom of tanks laid with sediments to 

mimic seabed conditions. 
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