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Abstract – Marine renewable energies offer significant poten-
tial for decarbonized electric power generation, especially offshore
floating wind turbines that take advantage of the stronger and stea-
dier wind blowing far shore. Such farms use dynamic power cables
for connecting the floating wind turbines to their seabed power
network. These so-called "umbilicals" are continuously subjected
to bending and twisting forces. They withstand coupled electrical,
thermal and mechanical constraints that may weaken the water
barrier, leading potentially in the more or less long term to the
destruction of the power cable insulation system, mainly due to
the well-known water-treeing phenomena. This justifies the use of
cost-effective monitoring systems able to detect any cable insula-
tion problems as soon as possible. Using a model-based approach,
we explore the feasibility of exploiting the power cable screen-to-
armor capacitances as moisture sensor. The proposed method is
based on the online identification of RLC transmission line model
structures of the power cable excited by a high voltage pulse ge-
nerator designed with the latest gallium nitride (GaN) technology.
According to the findings of this preliminary parameter sensitivity
analysis, it should be possible to detect and locate a water barrier
rupture at a very early stage with a spatial resolution of at least 1
meter.

Submarine power cable, Dynamic cable, Water sealing barrier,
Predictive maintenance, Diagnosis, Model-based approach, Monito-
ring, Transmission Line Model, Sensitivity functions.

1. INTRODUCTION

The development of marine renewable energies (MRE) is a
key challenge for reducing the current production of greenhouse
gases. For this, floating offshore wind turbines are very promi-
sing : they take advantage of the stronger and steadier wind blo-
wing far shore and show a far better social acceptability com-
pared to nearshore turbines with jacket or mono-pile fixed foun-
dations. However, they present higher installation and mainte-
nance costs [1, 2, 3, 4, 5], in particular because their mainte-
nance windows are highly dependent on sea-states and weather.
In some case, it may be necessary to delay the curative mainte-
nance by several months leading to important operating losses,
with a strong impact on the cost of the energy, i.e. with negative
consequences on the economical profitability of the MRE farm.
Accordingly, it is essential to detect and to locate any defect in
the offshore facility as soon as possible, in a cost effective man-
ner and in such a way that it upgrades its predictive maintenance.

Whatever the type of MRE farm (e.g. wind, wave, etc.), one
have to install submarine cables which are key elements of the
power network and basically of two types : 1) Static cable that is
mostly buried in the seabed and transmits power from the farm
to the shore has been studied for decades [7, 8, 9], and 2) Dy-
namic cable that (inter)connects the floating MRE converters to
the power hub/substation, for which the MRE industry still has a
very little experience feedback [10, 11, 6, 12]. Besides electrical
and thermal constraints, the latter must continuously whistand
its environmental conditions that impose high dynamic mecha-
nical loads (Fig. 1). Such coupling of stresses can weaken the
water barrier, right up to its rupture. The resulting water pene-
tration in the cross-section air gaps may accelerate the oxidation

FIG. 1. Dynamic cable connecting the floating wind turbine to the seabed
power network [6].

of metallic armor as well as the water-treeing phenomena until
the deterioration of the electrical insulation system. For all these
reasons, monitoring moisture inside the 300 to 800 meters long
dynamic cables has been identified as a key issue for MRE farm
predictive maintenance [12, 9, 13, 14, 15]. One might want to
use the huge experience of oil & gas industry in terms of design
and maintenance of umbilical, but unfortunately it can hardly
be applied directly to MRE farms due to the restriction of their
economic model that globally needs to lower the overall costs
of all their technological bricks [5, 3]. It is therefore essential
to propose new monitoring techniques being as cost-effective as
possible.

Several approaches can be used to diagnose the insulation
system of submarine power cables. One can mention the ana-
lysis of partial discharge characteristics [16, 17, 18], the more
or less advanced reflectometry techniques used to locate an in-
sulation breakdown [19, 20, 21, 22, 23] or the optical fiber-based
techniques [24, 25]. In a previous work [15], we tried to detect a
local change of the conductor-to-screen distributed capacitance
induced by the growth of a water trees. These trees are mainly
induced by moisture [26, 27, 28, 29], so from a predictive main-
tenance point of view, it appears much more interesting to detect
the rupture of the external sealing barrier as soon as possible. In-
deed, as the water has just penetrated the filler area while the
dielectric insulation between each core and its screen is still
unaffected, the cable can still be operated normally for a long
time, giving the farm operator the opportunity to optimize the
planning of its corrective maintenance. Based on this observa-
tion, this paper is concerned with the whole dynamic cable and
focuses on the rupture of the first water barrier, i.e. the thin layer
that is just below the external sheath of the cable, as depicted in
Fig. 3. The resulting water penetration has obviously no physical
effect on the resistances and mutual inductances of conductive
materials (i.e. armor, screens and phase conductors). Moisture
can only leads to a change of the local conductances (of the in-
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sulation system, or more generally of the material between two
conductive elements) and of the local capacitances between the
phase conductors and their surrounding screen or also between
screens. In other words, such capacitances represent a distribu-
ted sensor that could help us to identify and locate a water bar-
rier defect in addition to other methods.

For this preliminary sensitivity analysis, the temporal res-
ponse of the dynamic cable subjected to high-frequency high-
voltage pulses is simulated by a multi-wire transmission line
whose distributed parameter values are obtained by the finite
element method (FEM). Then, these synthetic signals are used
to evaluate the possibility of detecting a small relative change of
the distributed capacitance somewhere along the power cable.
The following section presents the proposed model-based diag-
nosis approach and details the modeling of the cable connected
to the pulse generator at one extremity between three paralleled
screens and armor. Section 3 details the case study and com-
ments the first results.

2. DIAGNOSIS OF THE DYNAMIC CABLE BY THE
MODEL-BASED APPROACH

2.1. System modeling by continuous-time state-space repre-
sentation

Diagnosis of system faults can be addressed by data-driven or
model-based approaches, each of them having their own advan-
tages and limitations [30, 31]. Data-driven methods (big data,
neuronal network, IA, etc.) are especially interesting when one
has a very large amount of data, which is obviously not the case
for power umbilicals. We have focused on the model-based ap-
proach, using a continuous-time output-error algorithm for sys-
tem identification [32, 33]. Continuous-time modeling and ana-
lysis have many interesting features. In particular, the model
parameters are directly related to the system physical charac-
teristics. The diagnosis and prognosis of the system can then be
performed by comparing the in-situ estimated parameter values
with those given by aging laws, that can be obtained beforehand
in laboratories under well-controlled conditions. Concretely, as
far as this study is concerned, the challenge consists in finding a
model structure (i.e. a set of mathematical equations) for which
the time evolution of one or several capacitance estimated va-
lues allows to pinpoint a local sealing defect and to relate this
change with the moisture content of the concerned cross section.
Such structure is generally referred by :

M(θθθ)

{
ẋ(t, θθθ) = f(x(t, θθθ), θθθ,u(t))
y(t, θθθ) = g(x(t, θθθ), θθθ,u(t)) (1)

where bold and calligraphic letters deal respectively with vec-
tors and matrices, θθθ is the unknown parameters, x contains the
internal states that physically deals with the energy tanks of the
system and u, y are the model input and output that can be sca-
lars or vectors.

2.2. System identification : some reminders

The monitored physical parameters of the dynamic cable are
estimated using an output error method (OEM) [34] of which
principle is summarized in Fig. 2. The identification issue lies in
the minimization of the so-called model-system distance D(θ)
calculated using the same input during an observation horizon
[t1–tN ] :

θopt = arg min
θ
D(θ) , (2)

D(θ) =
1

N.s

N∑

n=1

en(θ)t.W−1n .en(θ) , (3)

where N is the number of sample data, s is the number of mo-
del outputs, en(θ) = ys(tn) − ym(tn,θ) is the output error
at sample time tn and Wn = diag (Var(ym)) is a diagonal
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FIG. 2. Principle of the output error method for an output error
continuous-time model [32].

weighting matrix required for a-dimensioning the model-system
distance. The model outputs being non linear with respect to
the model parameters, the minimization of D(θ) is performed
by non-linear programming techniques, typically the iterative
Levenberg-Marquart algorithm that converges near the optimum
to the quasi-newton scheme :

θk+1 = θk − µH−1r (θk).Gr(θk) (4)

where 0 ≤ µ ≤ 1 is used to control the convergence of the
kth optimization iteration and Hr(θk), Gr(θk) are the hes-
sian and the gradient of D(θ) for the current parameter vector
θk, respectively. Fig. 2 explicits their expressions in relation to
uniquely the output error and the relative sensitivity functions
Ψr(t, θ) = diag(θθθ) Ψ(t, θ), which numerical values at sample
times tn are obtained by the numerical integration of the follo-
wing matrix state-space representation (derived from the analy-
tical derivation of M(θθθ) in relation to θ) :

SF (θθθ) :

{
Φ̇(t, θθθ) = Fx(x, θθθ,u) Φ(t, θθθ) + Fθθθ(x, θθθ,u)
Ψ(t, θθθ) = Gx(x, θθθ,u) Φ(t, θθθ) + Gθθθ(x, θθθ,u)

(5)

where Fx = [∂fi/∂xj ], Gx = [∂gi/∂xj ], Fθθθ = [∂fi/∂θj ],
Gθθθ = [∂gi/∂θj ] denote the jacobian matrices of f and g in re-
lation to the vectors x and θθθ, respectively. The requirement of
the jacobian analytical expressions and the simulation of both
M(θθθ) and SF (θθθ) at each iteration of the recurrence (4) is one
of the main drawbacks of this output error algotithm. By way
of compensation, it does not require any assumption with regard
to the noise characteristics and is less sensitive to the modeling
noise [35], which in practice is often much higher than the mea-
suring noise, with thus an overriding effect on the model output.
Another classic criticism of the OEM is the need to initialize (4)
closed to the global optimum. For what concerns the study, it
is not a problem for at least two reasons : firstly because cable
electrical parameters (such as screen-screen distributed capaci-
tances and inductances) can be easily pre-determined by Finite
Element Method (FEM) as briefly reminded in section 3.4, and
secondly because the monitored phenomena (evolution of mois-
ture content, water treeing, etc.) show very slow dynamics - and
consequently two following sets of parameter estimates remain
very closed even if obtained several days or months apart.
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lS
<latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit><latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit><latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit><latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit>

lS
<latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit><latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit><latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit><latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit>

lc
<latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit><latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit><latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit><latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit>

lc
<latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit><latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit><latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit><latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit>

<latexit sha1_base64="v/llOjfamnYCv09OiLPSxQIc9zQ="></latexit>

rc(f)

<latexit sha1_base64="v/llOjfamnYCv09OiLPSxQIc9zQ="></latexit>

rc(f)

<latexit sha1_base64="0hVZhkRA/IEk1xhjMiXle7dXRF0="></latexit>

rs(f)

<latexit sha1_base64="0hVZhkRA/IEk1xhjMiXle7dXRF0="></latexit>

rs(f)

<latexit sha1_base64="XYZmEZO04Xo5AFvNUysArfRsoEE="></latexit>ms,a

cc,s
<latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit><latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit><latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit><latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit>

cc,s
<latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit><latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit><latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit><latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit>

cc,s
<latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit><latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit><latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit><latexit sha1_base64="XK6qEyXT+35RWmF5JocYX6Jyq0E="></latexit>

cs,s
<latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit>

cs,s
<latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit>

cs,s
<latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit>

z
<latexit sha1_base64="Z/Lw7CaMpLBk8fZqUw4BivUV1yI=">AAACf3icZVG7TsMwFL0NrxJeBUaWig50qhIWxAQSC2NBlFZqosp2b1oL27FiFyhRvoAVfoOZX+FvMC1LmrP4+JzjqyNfqgU3Ngh+at7a+sbmVn3b39nd2z9oHB49mnSWMeyxVKTZgBKDgivsWW4FDnSGRFKBffp08+f3nzEzPFUPdq4xlmSieMIZsU66exs1WkEnWKBZJeE/aV19fd+DQ3d0WJtG45TNJCrLBDFmGAbaxjnJLGcCCz+aGdSEPZEJDh1VRKKJ80XTkpknIiW2LAli8dXMZVkl0jiNVkRq5hVNEjstd3AzuQrjnCs9s6hY2X1wTpKqqpFkTprGOSUUReH7fqTwhaVSEjXOI13kkavqPnx50iTXRVGUQ9RO0RKX1JI2o+WlnHhGZouhq7A6rBW6aW434eomquTxvBMGnfAuaF23YYk6nMAptCGEC7iGW+hCDxggvMMHfHo178zreMEy6tX+3xxDCd7lL5D2yyI=</latexit><latexit sha1_base64="YkjRZ666W0vm0MGHgr6nGYOnwq0=">AAACf3icZVG7TsMwFHXDO7wKjEioogOdqoQFMVGJhZFKfUlNVNnuTWthO1bsFEqUkYkVfoOZX+Eb+AlM2yXNXXx8zvHRkS9RnGnjeT8VZ2Nza3tnd8/dPzg8Oq6enPZ0nCYUujTmcTIgWANnErqGGQ4DlQAWhEOfPN3/6/0ZJJrFsmPmCkKBJ5JFjGJjqfbrqFr3mt5iamXgr0D97uu7/ft28f04OqlMg3FMUwHSUI61HvqeMmGGE8Moh9wNUg0K0yc8gaGFEgvQYbZoWhCziMfYFCmODbzouSiyWGjLkRJJ9LzECWymxQ42k0k/zJhUqQFJi2rHKlEsy0KUWGoaZgQT4LnruoGEZxoLgeU4C1SeBbaq/fDlSaJM5XleNBEzBYOtUwlSC5aXomMG1ORDW2E9rO7bNLsbf30TZdC7bvpe02979VYDLWcXnaNL1EA+ukEt9IAeURdRBOgdfaBPp+JcOU3HW1qdyurNGSqMc/sH8bPNZw==</latexit><latexit sha1_base64="YkjRZ666W0vm0MGHgr6nGYOnwq0=">AAACf3icZVG7TsMwFHXDO7wKjEioogOdqoQFMVGJhZFKfUlNVNnuTWthO1bsFEqUkYkVfoOZX+Eb+AlM2yXNXXx8zvHRkS9RnGnjeT8VZ2Nza3tnd8/dPzg8Oq6enPZ0nCYUujTmcTIgWANnErqGGQ4DlQAWhEOfPN3/6/0ZJJrFsmPmCkKBJ5JFjGJjqfbrqFr3mt5iamXgr0D97uu7/ft28f04OqlMg3FMUwHSUI61HvqeMmGGE8Moh9wNUg0K0yc8gaGFEgvQYbZoWhCziMfYFCmODbzouSiyWGjLkRJJ9LzECWymxQ42k0k/zJhUqQFJi2rHKlEsy0KUWGoaZgQT4LnruoGEZxoLgeU4C1SeBbaq/fDlSaJM5XleNBEzBYOtUwlSC5aXomMG1ORDW2E9rO7bNLsbf30TZdC7bvpe02979VYDLWcXnaNL1EA+ukEt9IAeURdRBOgdfaBPp+JcOU3HW1qdyurNGSqMc/sH8bPNZw==</latexit><latexit sha1_base64="zSX3A/vxKMaQBWtrjKMxde00WTk=">AAACf3icZVG7bsIwFDXpi6YvaMcuqBnKhJIuVTekLh1B4iWRCNnmBixsx4oNLY3yBV3bj+vf1IUsIXfx8TnHR0e+RHGmje//1pyj45PTs/q5e3F5dX3TaN6OdLJOKQxpwpN0QrAGziQMDTMcJioFLAiHMVm9/uvjDaSaJXJgtgoigReSxYxiY6n+56zh+R1/N60qCArgoWJ6s2ZtGc4TuhYgDeVY62ngKxNlODWMcsjdcK1BYbrCC5haKLEAHWW7piUxi3mCTZni2MCH3ooyi4W2HKmQRG8rnMBmWe5gM5kMooxJtTYgaVkdWCVOZFWIU0sto4xgAjx3XTeU8E4TIbCcZ6HKs9BWtR++P0mcqTzPyyZilmCwdSpBWuH+UnZsgJp8aischnmBTbO7CQ43UQWjp07gd4K+73XbxZbq6B49oDYK0DPqojfUQ0NEEaAv9I1+nJrz6HQcf291asWbO1Qa5+UPv1nJKw==</latexit> z + �

<latexit sha1_base64="/CzNMOSJFmA6fA95Muy3We2G/7U="></latexit><latexit sha1_base64="KTNBde/ehPwjBGQpTvXCmzDKj+k="></latexit><latexit sha1_base64="KTNBde/ehPwjBGQpTvXCmzDKj+k="></latexit><latexit sha1_base64="lcY2c5zSzsnqiKhyHCbVrzPV7Lk=">AAAChnicZVFNTwIxFCzrF65fqEcvRC4kJmTXxHAl8eJRE0ASdkNey1toaLvNtqC42T/hVf+Y/8YKXNZ9l05nppNJH9WCGxsEPzVvb//g8Kh+7J+cnp1fNC6vhiZdZgwHLBVpNqJgUHCFA8utwJHOECQV+EoXj3/66wozw1PVt2uNsYSZ4glnYB01+riLpigsTBqtoBNsplkF4Q60yG6eJ5e1eTRN2VKiskyAMeMw0DbOIbOcCSz8aGlQA1vADMcOKpBo4nxTuCTmiUjBlikBFt/NWpZZkMZxtEJSs65wEuy83MFlchXGOVd6aVGxstp3SpKqqpBkjprHOQWKovB9P1L4xlIpQU3zSBd55Kq6f9+eNMl1URRlE7VztOCcWtJmtL2UHStkthi7Cv/DWqFLc7sJ/2+iCob3nTDohC9Bq9febalObsgtaZOQdEmPPJFnMiCMCPJJvsi3V/c63oPX3Vq92u7NNSmN1/sFN8PMAg==</latexit>

cs,a
<latexit sha1_base64="3S+lGuKMRiFpM2l9uU7T2rXjYL4="></latexit><latexit sha1_base64="qpuO/7Cyrdxh+pIrYqDYrOWF8ZI=">AAAChXicZVE9T8MwFHTDRyHlm5EF0YUBqgQhGEGwMIJEKVITVc/mhVq1HSt2C5WVf8DCCr+Mv8HMgKEsIW/x+e58OvlRLbixUfTRCObmFxabS8tha2V1bX1jc+vO5OOCYZflIi/uKRgUXGHXcivwXhcIkgrs0dHlj96bYGF4rm7tVGMq4VHxjDOwnuqxgTMHUA422lEn+p3dOoj/QPu89XnRbL18XQ82G8PkIWdjicoyAcb040jb1EFhORNYhsnYoAY2gkfse6hAokndb9+K6DKRg61SAiw+m6mssiCN52iNpGZa4yTYYbWDz+QqTh1XemxRsap665UsV3UhKzw1TB0FiqIMwzBR+MRyKUE9uESXLvFV/bfPTpo5XZZl1UTtEC14p5Z0N5ldqo4JMlv2fYX/Ye3Yp/ndxP83UQd3R5046sQ3fkn7ZDZLZIfskX0Sk1NyTq7INekSRkbklbyR96AZHAbHwcnMGjT+3myTygRn32J/zsA=</latexit><latexit sha1_base64="qpuO/7Cyrdxh+pIrYqDYrOWF8ZI=">AAAChXicZVE9T8MwFHTDRyHlm5EF0YUBqgQhGEGwMIJEKVITVc/mhVq1HSt2C5WVf8DCCr+Mv8HMgKEsIW/x+e58OvlRLbixUfTRCObmFxabS8tha2V1bX1jc+vO5OOCYZflIi/uKRgUXGHXcivwXhcIkgrs0dHlj96bYGF4rm7tVGMq4VHxjDOwnuqxgTMHUA422lEn+p3dOoj/QPu89XnRbL18XQ82G8PkIWdjicoyAcb040jb1EFhORNYhsnYoAY2gkfse6hAokndb9+K6DKRg61SAiw+m6mssiCN52iNpGZa4yTYYbWDz+QqTh1XemxRsap665UsV3UhKzw1TB0FiqIMwzBR+MRyKUE9uESXLvFV/bfPTpo5XZZl1UTtEC14p5Z0N5ldqo4JMlv2fYX/Ye3Yp/ndxP83UQd3R5046sQ3fkn7ZDZLZIfskX0Sk1NyTq7INekSRkbklbyR96AZHAbHwcnMGjT+3myTygRn32J/zsA=</latexit><latexit sha1_base64="Bxerr7GKkqbVb3H8GoZjXw/YrGI=">AAAChXicZVE9T8MwFHTDVwmfhZEF0aUDVAlCMILEwlgkSpGaqHp2X6hV27FiF6is/AhW+GX8G0zbJeQtPt+dTyc/qgU3Nop+GsHa+sbmVnM73Nnd2z84bB09m3xWMOyzXOTFCwWDgivsW24FvugCQVKBAzq9/9MHb1gYnqsnO9eYSnhVPOMMrKcGbOTMOZSjw3bUjRZzWgfxCrTJanqjVmOSjHM2k6gsE2DMMI60TR0UljOBZZjMDGpgU3jFoYcKJJrULfpWRJeJHGyVEmDxw8xllQVpPEdrJDXzGifBTqodfCZXceq40jOLilXVJ69kuaoLWeGpSeooUBRlGIaJwneWSwlq7BJdusRX9d++PGnmdFmWVRO1E7TgnVrS02R5qTrekNly6Cv8D2vHPs3vJv6/iTp4vuzGUTd+jNp3ndWWmuSEnJEOickNuSMPpEf6hJEp+SRf5DvYCi6Cq+B6aQ0aqzfHpDLB7S9lnsun</latexit>

�z
<latexit sha1_base64="xEWCrI+9/H1t1f20ym/Bb0154bc="></latexit><latexit sha1_base64="xEWCrI+9/H1t1f20ym/Bb0154bc="></latexit><latexit sha1_base64="xEWCrI+9/H1t1f20ym/Bb0154bc="></latexit><latexit sha1_base64="xEWCrI+9/H1t1f20ym/Bb0154bc="></latexit>

cs,a
<latexit sha1_base64="3S+lGuKMRiFpM2l9uU7T2rXjYL4="></latexit><latexit sha1_base64="qpuO/7Cyrdxh+pIrYqDYrOWF8ZI=">AAAChXicZVE9T8MwFHTDRyHlm5EF0YUBqgQhGEGwMIJEKVITVc/mhVq1HSt2C5WVf8DCCr+Mv8HMgKEsIW/x+e58OvlRLbixUfTRCObmFxabS8tha2V1bX1jc+vO5OOCYZflIi/uKRgUXGHXcivwXhcIkgrs0dHlj96bYGF4rm7tVGMq4VHxjDOwnuqxgTMHUA422lEn+p3dOoj/QPu89XnRbL18XQ82G8PkIWdjicoyAcb040jb1EFhORNYhsnYoAY2gkfse6hAokndb9+K6DKRg61SAiw+m6mssiCN52iNpGZa4yTYYbWDz+QqTh1XemxRsap665UsV3UhKzw1TB0FiqIMwzBR+MRyKUE9uESXLvFV/bfPTpo5XZZl1UTtEC14p5Z0N5ldqo4JMlv2fYX/Ye3Yp/ndxP83UQd3R5046sQ3fkn7ZDZLZIfskX0Sk1NyTq7INekSRkbklbyR96AZHAbHwcnMGjT+3myTygRn32J/zsA=</latexit><latexit sha1_base64="qpuO/7Cyrdxh+pIrYqDYrOWF8ZI=">AAAChXicZVE9T8MwFHTDRyHlm5EF0YUBqgQhGEGwMIJEKVITVc/mhVq1HSt2C5WVf8DCCr+Mv8HMgKEsIW/x+e58OvlRLbixUfTRCObmFxabS8tha2V1bX1jc+vO5OOCYZflIi/uKRgUXGHXcivwXhcIkgrs0dHlj96bYGF4rm7tVGMq4VHxjDOwnuqxgTMHUA422lEn+p3dOoj/QPu89XnRbL18XQ82G8PkIWdjicoyAcb040jb1EFhORNYhsnYoAY2gkfse6hAokndb9+K6DKRg61SAiw+m6mssiCN52iNpGZa4yTYYbWDz+QqTh1XemxRsap665UsV3UhKzw1TB0FiqIMwzBR+MRyKUE9uESXLvFV/bfPTpo5XZZl1UTtEC14p5Z0N5ldqo4JMlv2fYX/Ye3Yp/ndxP83UQd3R5046sQ3fkn7ZDZLZIfskX0Sk1NyTq7INekSRkbklbyR96AZHAbHwcnMGjT+3myTygRn32J/zsA=</latexit><latexit sha1_base64="Bxerr7GKkqbVb3H8GoZjXw/YrGI=">AAAChXicZVE9T8MwFHTDVwmfhZEF0aUDVAlCMILEwlgkSpGaqHp2X6hV27FiF6is/AhW+GX8G0zbJeQtPt+dTyc/qgU3Nop+GsHa+sbmVnM73Nnd2z84bB09m3xWMOyzXOTFCwWDgivsW24FvugCQVKBAzq9/9MHb1gYnqsnO9eYSnhVPOMMrKcGbOTMOZSjw3bUjRZzWgfxCrTJanqjVmOSjHM2k6gsE2DMMI60TR0UljOBZZjMDGpgU3jFoYcKJJrULfpWRJeJHGyVEmDxw8xllQVpPEdrJDXzGifBTqodfCZXceq40jOLilXVJ69kuaoLWeGpSeooUBRlGIaJwneWSwlq7BJdusRX9d++PGnmdFmWVRO1E7TgnVrS02R5qTrekNly6Cv8D2vHPs3vJv6/iTp4vuzGUTd+jNp3ndWWmuSEnJEOickNuSMPpEf6hJEp+SRf5DvYCi6Cq+B6aQ0aqzfHpDLB7S9lnsun</latexit>

cs,a
<latexit sha1_base64="3S+lGuKMRiFpM2l9uU7T2rXjYL4="></latexit><latexit sha1_base64="qpuO/7Cyrdxh+pIrYqDYrOWF8ZI=">AAAChXicZVE9T8MwFHTDRyHlm5EF0YUBqgQhGEGwMIJEKVITVc/mhVq1HSt2C5WVf8DCCr+Mv8HMgKEsIW/x+e58OvlRLbixUfTRCObmFxabS8tha2V1bX1jc+vO5OOCYZflIi/uKRgUXGHXcivwXhcIkgrs0dHlj96bYGF4rm7tVGMq4VHxjDOwnuqxgTMHUA422lEn+p3dOoj/QPu89XnRbL18XQ82G8PkIWdjicoyAcb040jb1EFhORNYhsnYoAY2gkfse6hAokndb9+K6DKRg61SAiw+m6mssiCN52iNpGZa4yTYYbWDz+QqTh1XemxRsap665UsV3UhKzw1TB0FiqIMwzBR+MRyKUE9uESXLvFV/bfPTpo5XZZl1UTtEC14p5Z0N5ldqo4JMlv2fYX/Ye3Yp/ndxP83UQd3R5046sQ3fkn7ZDZLZIfskX0Sk1NyTq7INekSRkbklbyR96AZHAbHwcnMGjT+3myTygRn32J/zsA=</latexit><latexit sha1_base64="qpuO/7Cyrdxh+pIrYqDYrOWF8ZI=">AAAChXicZVE9T8MwFHTDRyHlm5EF0YUBqgQhGEGwMIJEKVITVc/mhVq1HSt2C5WVf8DCCr+Mv8HMgKEsIW/x+e58OvlRLbixUfTRCObmFxabS8tha2V1bX1jc+vO5OOCYZflIi/uKRgUXGHXcivwXhcIkgrs0dHlj96bYGF4rm7tVGMq4VHxjDOwnuqxgTMHUA422lEn+p3dOoj/QPu89XnRbL18XQ82G8PkIWdjicoyAcb040jb1EFhORNYhsnYoAY2gkfse6hAokndb9+K6DKRg61SAiw+m6mssiCN52iNpGZa4yTYYbWDz+QqTh1XemxRsap665UsV3UhKzw1TB0FiqIMwzBR+MRyKUE9uESXLvFV/bfPTpo5XZZl1UTtEC14p5Z0N5ldqo4JMlv2fYX/Ye3Yp/ndxP83UQd3R5046sQ3fkn7ZDZLZIfskX0Sk1NyTq7INekSRkbklbyR96AZHAbHwcnMGjT+3myTygRn32J/zsA=</latexit><latexit sha1_base64="Bxerr7GKkqbVb3H8GoZjXw/YrGI=">AAAChXicZVE9T8MwFHTDVwmfhZEF0aUDVAlCMILEwlgkSpGaqHp2X6hV27FiF6is/AhW+GX8G0zbJeQtPt+dTyc/qgU3Nop+GsHa+sbmVnM73Nnd2z84bB09m3xWMOyzXOTFCwWDgivsW24FvugCQVKBAzq9/9MHb1gYnqsnO9eYSnhVPOMMrKcGbOTMOZSjw3bUjRZzWgfxCrTJanqjVmOSjHM2k6gsE2DMMI60TR0UljOBZZjMDGpgU3jFoYcKJJrULfpWRJeJHGyVEmDxw8xllQVpPEdrJDXzGifBTqodfCZXceq40jOLilXVJ69kuaoLWeGpSeooUBRlGIaJwneWSwlq7BJdusRX9d++PGnmdFmWVRO1E7TgnVrS02R5qTrekNly6Cv8D2vHPs3vJv6/iTp4vuzGUTd+jNp3ndWWmuSEnJEOickNuSMPpEf6hJEp+SRf5DvYCi6Cq+B6aQ0aqzfHpDLB7S9lnsun</latexit>

cs,a
<latexit sha1_base64="3S+lGuKMRiFpM2l9uU7T2rXjYL4="></latexit><latexit sha1_base64="qpuO/7Cyrdxh+pIrYqDYrOWF8ZI=">AAAChXicZVE9T8MwFHTDRyHlm5EF0YUBqgQhGEGwMIJEKVITVc/mhVq1HSt2C5WVf8DCCr+Mv8HMgKEsIW/x+e58OvlRLbixUfTRCObmFxabS8tha2V1bX1jc+vO5OOCYZflIi/uKRgUXGHXcivwXhcIkgrs0dHlj96bYGF4rm7tVGMq4VHxjDOwnuqxgTMHUA422lEn+p3dOoj/QPu89XnRbL18XQ82G8PkIWdjicoyAcb040jb1EFhORNYhsnYoAY2gkfse6hAokndb9+K6DKRg61SAiw+m6mssiCN52iNpGZa4yTYYbWDz+QqTh1XemxRsap665UsV3UhKzw1TB0FiqIMwzBR+MRyKUE9uESXLvFV/bfPTpo5XZZl1UTtEC14p5Z0N5ldqo4JMlv2fYX/Ye3Yp/ndxP83UQd3R5046sQ3fkn7ZDZLZIfskX0Sk1NyTq7INekSRkbklbyR96AZHAbHwcnMGjT+3myTygRn32J/zsA=</latexit><latexit sha1_base64="qpuO/7Cyrdxh+pIrYqDYrOWF8ZI=">AAAChXicZVE9T8MwFHTDRyHlm5EF0YUBqgQhGEGwMIJEKVITVc/mhVq1HSt2C5WVf8DCCr+Mv8HMgKEsIW/x+e58OvlRLbixUfTRCObmFxabS8tha2V1bX1jc+vO5OOCYZflIi/uKRgUXGHXcivwXhcIkgrs0dHlj96bYGF4rm7tVGMq4VHxjDOwnuqxgTMHUA422lEn+p3dOoj/QPu89XnRbL18XQ82G8PkIWdjicoyAcb040jb1EFhORNYhsnYoAY2gkfse6hAokndb9+K6DKRg61SAiw+m6mssiCN52iNpGZa4yTYYbWDz+QqTh1XemxRsap665UsV3UhKzw1TB0FiqIMwzBR+MRyKUE9uESXLvFV/bfPTpo5XZZl1UTtEC14p5Z0N5ldqo4JMlv2fYX/Ye3Yp/ndxP83UQd3R5046sQ3fkn7ZDZLZIfskX0Sk1NyTq7INekSRkbklbyR96AZHAbHwcnMGjT+3myTygRn32J/zsA=</latexit><latexit sha1_base64="Bxerr7GKkqbVb3H8GoZjXw/YrGI=">AAAChXicZVE9T8MwFHTDVwmfhZEF0aUDVAlCMILEwlgkSpGaqHp2X6hV27FiF6is/AhW+GX8G0zbJeQtPt+dTyc/qgU3Nop+GsHa+sbmVnM73Nnd2z84bB09m3xWMOyzXOTFCwWDgivsW24FvugCQVKBAzq9/9MHb1gYnqsnO9eYSnhVPOMMrKcGbOTMOZSjw3bUjRZzWgfxCrTJanqjVmOSjHM2k6gsE2DMMI60TR0UljOBZZjMDGpgU3jFoYcKJJrULfpWRJeJHGyVEmDxw8xllQVpPEdrJDXzGifBTqodfCZXceq40jOLilXVJ69kuaoLWeGpSeooUBRlGIaJwneWSwlq7BJdusRX9d++PGnmdFmWVRO1E7TgnVrS02R5qTrekNly6Cv8D2vHPs3vJv6/iTp4vuzGUTd+jNp3ndWWmuSEnJEOickNuSMPpEf6hJEp+SRf5DvYCi6Cq+B6aQ0aqzfHpDLB7S9lnsun</latexit>

cs,s
<latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit><latexit sha1_base64="Km/ragCPOrS/u3jIXk/TyX9nlQY="></latexit>

<latexit sha1_base64="ONUkpfVTm1Djypmvtuv7m57IlSQ="></latexit>

rc,c(f)
<latexit sha1_base64="Ol+99ontxXvEYMkGSCJRK2UXJUg="></latexit>

rc,s(f)

<latexit sha1_base64="v/llOjfamnYCv09OiLPSxQIc9zQ="></latexit>

rc(f)

<latexit sha1_base64="0hVZhkRA/IEk1xhjMiXle7dXRF0="></latexit>

rs(f)

lc
<latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit><latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit><latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit><latexit sha1_base64="lmhjYW2yxfqLp1Oh/VctrNluC50="></latexit>

lS
<latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit><latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit><latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit><latexit sha1_base64="QGGL+I50TGELVJdXCoRjREsM3wo="></latexit>

�z
<latexit sha1_base64="xEWCrI+9/H1t1f20ym/Bb0154bc="></latexit><latexit sha1_base64="xEWCrI+9/H1t1f20ym/Bb0154bc="></latexit><latexit sha1_base64="xEWCrI+9/H1t1f20ym/Bb0154bc="></latexit><latexit sha1_base64="xEWCrI+9/H1t1f20ym/Bb0154bc="></latexit>

Phase a
<latexit sha1_base64="SmuNnNHc3nbHe7lUL9deZZc6h7A="></latexit><latexit sha1_base64="SmuNnNHc3nbHe7lUL9deZZc6h7A="></latexit><latexit sha1_base64="SmuNnNHc3nbHe7lUL9deZZc6h7A="></latexit><latexit sha1_base64="SmuNnNHc3nbHe7lUL9deZZc6h7A="></latexit>

Phase b
<latexit sha1_base64="iP8bWw0YA+FbJMED2xPhy6YAw4U="></latexit><latexit sha1_base64="iP8bWw0YA+FbJMED2xPhy6YAw4U="></latexit><latexit sha1_base64="iP8bWw0YA+FbJMED2xPhy6YAw4U="></latexit><latexit sha1_base64="iP8bWw0YA+FbJMED2xPhy6YAw4U="></latexit>

Ca
<latexit sha1_base64="vF9rIMmTPBsbybDFyA446dv9bbk="></latexit><latexit sha1_base64="vF9rIMmTPBsbybDFyA446dv9bbk="></latexit><latexit sha1_base64="vF9rIMmTPBsbybDFyA446dv9bbk="></latexit><latexit sha1_base64="vF9rIMmTPBsbybDFyA446dv9bbk="></latexit>

Ca
<latexit sha1_base64="vF9rIMmTPBsbybDFyA446dv9bbk="></latexit><latexit sha1_base64="vF9rIMmTPBsbybDFyA446dv9bbk="></latexit><latexit sha1_base64="vF9rIMmTPBsbybDFyA446dv9bbk="></latexit><latexit sha1_base64="vF9rIMmTPBsbybDFyA446dv9bbk="></latexit>

Cb
<latexit sha1_base64="YDFCfJUje0NGzthX+mSox+qvqhA="></latexit><latexit sha1_base64="YDFCfJUje0NGzthX+mSox+qvqhA="></latexit><latexit sha1_base64="YDFCfJUje0NGzthX+mSox+qvqhA="></latexit><latexit sha1_base64="YDFCfJUje0NGzthX+mSox+qvqhA="></latexit>

Cb
<latexit sha1_base64="YDFCfJUje0NGzthX+mSox+qvqhA="></latexit><latexit sha1_base64="YDFCfJUje0NGzthX+mSox+qvqhA="></latexit><latexit sha1_base64="YDFCfJUje0NGzthX+mSox+qvqhA="></latexit><latexit sha1_base64="YDFCfJUje0NGzthX+mSox+qvqhA="></latexit>

Armor
<latexit sha1_base64="9YjDXop6z9TjEah8LSxn0jfMULo="></latexit><latexit sha1_base64="9YjDXop6z9TjEah8LSxn0jfMULo="></latexit><latexit sha1_base64="9YjDXop6z9TjEah8LSxn0jfMULo="></latexit><latexit sha1_base64="9YjDXop6z9TjEah8LSxn0jfMULo="></latexit>

Armor
<latexit sha1_base64="9YjDXop6z9TjEah8LSxn0jfMULo="></latexit><latexit sha1_base64="9YjDXop6z9TjEah8LSxn0jfMULo="></latexit><latexit sha1_base64="9YjDXop6z9TjEah8LSxn0jfMULo="></latexit><latexit sha1_base64="9YjDXop6z9TjEah8LSxn0jfMULo="></latexit>

Cc
<latexit sha1_base64="RM7xMaA+tHLbWWbDXmJnNITx8nA="></latexit><latexit sha1_base64="RM7xMaA+tHLbWWbDXmJnNITx8nA="></latexit><latexit sha1_base64="RM7xMaA+tHLbWWbDXmJnNITx8nA="></latexit><latexit sha1_base64="RM7xMaA+tHLbWWbDXmJnNITx8nA="></latexit>

Sa
<latexit sha1_base64="DjvApEfSQup8iv/Z7zKLoI9ZrSM="></latexit><latexit sha1_base64="DjvApEfSQup8iv/Z7zKLoI9ZrSM="></latexit><latexit sha1_base64="DjvApEfSQup8iv/Z7zKLoI9ZrSM="></latexit><latexit sha1_base64="DjvApEfSQup8iv/Z7zKLoI9ZrSM="></latexit>

<latexit sha1_base64="XYZmEZO04Xo5AFvNUysArfRsoEE="></latexit>ms,a

<latexit sha1_base64="QJtdm/EjGdgqrA4HVupBE4ueBPQ="></latexit>ms,s

<latexit sha1_base64="aZqWE8KLn6Ijzm2A1vW1HQyTDpU="></latexit>mc,s

Cc
<latexit sha1_base64="RM7xMaA+tHLbWWbDXmJnNITx8nA="></latexit><latexit sha1_base64="RM7xMaA+tHLbWWbDXmJnNITx8nA="></latexit><latexit sha1_base64="RM7xMaA+tHLbWWbDXmJnNITx8nA="></latexit><latexit sha1_base64="RM7xMaA+tHLbWWbDXmJnNITx8nA="></latexit>

Sa
<latexit sha1_base64="DjvApEfSQup8iv/Z7zKLoI9ZrSM="></latexit><latexit sha1_base64="DjvApEfSQup8iv/Z7zKLoI9ZrSM="></latexit><latexit sha1_base64="DjvApEfSQup8iv/Z7zKLoI9ZrSM="></latexit><latexit sha1_base64="DjvApEfSQup8iv/Z7zKLoI9ZrSM="></latexit>

Sb
<latexit sha1_base64="Teb/AZ5F6ED9iEgxJu0f0eSeUjU="></latexit><latexit sha1_base64="Teb/AZ5F6ED9iEgxJu0f0eSeUjU="></latexit><latexit sha1_base64="Teb/AZ5F6ED9iEgxJu0f0eSeUjU="></latexit><latexit sha1_base64="Teb/AZ5F6ED9iEgxJu0f0eSeUjU="></latexit>

FIG. 3. Definition of the distributed resistances, capacitors and inductances
involved in the cable modeling by multi-wire transmission lines.

2.3. Power cable modeling

2.3.1. Simplifying assumptions

The 3-phase power cable is spatially discretized into Nc ele-
mentary cells composed of distributed self and mutual resistors,
capacitors and inductance, as depicted in Fig. 3. The unusual
mutual terms rc,s, rc,a and rs,a deal with the proximity effect
between conductors, screens and armor. All self and mutual re-
sistances are highly frequency-dependent (due to skin and proxi-
mity effects) and also temperature-dependent. Self and mutual
inductances are clearly independent of moisture and depend in
a very small extend on the frequency and on the temperature.
In a first approach we can then consider them as constant in the
whole cable. The capacitances mostly depend on moisture, wa-
ter trees and other insulation aging that gradually modify the
permittivity of the cross-section materials present between two
terminals of the capacitor under consideration.

The analytical time differential equations explaining the vol-
tage wave propagation in the power cable depends on how the
pulse generator is physically connected to the cable : between
a phase conductor and its screen ; between two screens ; bet-
ween a screen and the armor ; and so on. Many combinations
are possible but, depending on the choice, writing the analyti-
cal equations can remain quite simple or can become very com-
plex. In this study, we consider the application of the voltage
pulses between the three screens connected together (they are
thus at the same potential) and the external metallic armor. Phy-
sical considerations show that under these simplifying experi-

i(t)
<latexit sha1_base64="mvV3QkLcSNIPa4rMBJBG5iGJKR8="></latexit><latexit sha1_base64="mvV3QkLcSNIPa4rMBJBG5iGJKR8="></latexit><latexit sha1_base64="mvV3QkLcSNIPa4rMBJBG5iGJKR8="></latexit><latexit sha1_base64="mvV3QkLcSNIPa4rMBJBG5iGJKR8="></latexit>

<latexit sha1_base64="eypE6jgUkE4sx1aUD33hvKvTaOo="></latexit>

Rg

Ra
<latexit sha1_base64="TdETMe3Qpl+KbXb4RQ0KcpBHADQ="></latexit><latexit sha1_base64="TdETMe3Qpl+KbXb4RQ0KcpBHADQ="></latexit><latexit sha1_base64="TdETMe3Qpl+KbXb4RQ0KcpBHADQ="></latexit><latexit sha1_base64="TdETMe3Qpl+KbXb4RQ0KcpBHADQ="></latexit>

<latexit sha1_base64="eUki0WvoBxfjclPzjVP8cUAQLkA="></latexit>

Rm

<latexit sha1_base64="u7W7OAQzEV0rbjaIHR1d4Mx2Oh4="></latexit>

ys1(t)

r(f)
<latexit sha1_base64="YBPs1kWYQifjHPh6KCUxOH3VjYQ="></latexit><latexit sha1_base64="YBPs1kWYQifjHPh6KCUxOH3VjYQ="></latexit><latexit sha1_base64="YBPs1kWYQifjHPh6KCUxOH3VjYQ="></latexit><latexit sha1_base64="YBPs1kWYQifjHPh6KCUxOH3VjYQ="></latexit>

l
<latexit sha1_base64="MYNqGh5ARwC8yIItl2nFJ3+yy+A="></latexit><latexit sha1_base64="h/a/d0covm1SD04Q5An1Hv07Vx0="></latexit><latexit sha1_base64="h/a/d0covm1SD04Q5An1Hv07Vx0="></latexit><latexit sha1_base64="7TiSBKmLCX4BQJYpmY81BCGZOEc="></latexit>

c
<latexit sha1_base64="mD7lbDwBD9KRlMxciSC294cT5nQ="></latexit><latexit sha1_base64="mD7lbDwBD9KRlMxciSC294cT5nQ="></latexit><latexit sha1_base64="mD7lbDwBD9KRlMxciSC294cT5nQ="></latexit><latexit sha1_base64="mD7lbDwBD9KRlMxciSC294cT5nQ="></latexit>

vc1
<latexit sha1_base64="gbgOU2dXqgSA4tzNFik7xTTH8dg="></latexit><latexit sha1_base64="gbgOU2dXqgSA4tzNFik7xTTH8dg="></latexit><latexit sha1_base64="gbgOU2dXqgSA4tzNFik7xTTH8dg="></latexit><latexit sha1_base64="gbgOU2dXqgSA4tzNFik7xTTH8dg="></latexit>

e(t)
<latexit sha1_base64="6zg5dhuok2akLiz+zepa9rxDPkk="></latexit><latexit sha1_base64="6zg5dhuok2akLiz+zepa9rxDPkk="></latexit><latexit sha1_base64="6zg5dhuok2akLiz+zepa9rxDPkk="></latexit><latexit sha1_base64="6zg5dhuok2akLiz+zepa9rxDPkk="></latexit>

Pulse
generator

<latexit sha1_base64="7KhU4hGKlOID3BwjfRcVYMLKTWY="></latexit><latexit sha1_base64="7KhU4hGKlOID3BwjfRcVYMLKTWY="></latexit><latexit sha1_base64="7KhU4hGKlOID3BwjfRcVYMLKTWY="></latexit><latexit sha1_base64="7KhU4hGKlOID3BwjfRcVYMLKTWY="></latexit> First cell
<latexit sha1_base64="HJxMse0tWrgcKM9nIWh+vdBvd5c="></latexit><latexit sha1_base64="HJxMse0tWrgcKM9nIWh+vdBvd5c="></latexit><latexit sha1_base64="HJxMse0tWrgcKM9nIWh+vdBvd5c="></latexit><latexit sha1_base64="HJxMse0tWrgcKM9nIWh+vdBvd5c="></latexit>

<latexit sha1_base64="LXCtm4dxMJTIIddChbtz8jSX+h0="></latexit>

Ncth cell

vk
c<latexit sha1_base64="MpoZPsdIbrc3Bv+LlZUXDbT4kRQ="></latexit><latexit sha1_base64="MpoZPsdIbrc3Bv+LlZUXDbT4kRQ="></latexit><latexit sha1_base64="MpoZPsdIbrc3Bv+LlZUXDbT4kRQ="></latexit><latexit sha1_base64="MpoZPsdIbrc3Bv+LlZUXDbT4kRQ="></latexit>

<latexit sha1_base64="haHbMUVuW1qONP/vuepdRBcFgZo="></latexit>rlf l1
<latexit sha1_base64="ftZWDfxoJrMtixTMD7QhmCwdxh0="></latexit><latexit sha1_base64="kKIM5Wx6XRal4nun4rMyQlg0i/A="></latexit><latexit sha1_base64="kKIM5Wx6XRal4nun4rMyQlg0i/A="></latexit><latexit sha1_base64="/H5mzXPN1/kiF+mglNdCEmBCXuQ="></latexit>

r1
<latexit sha1_base64="G2A3VA5HizDy18A0JVW6x0Ol87k="></latexit><latexit sha1_base64="3p/5ho4WJBL64oS94F0uQtw0TSk="></latexit><latexit sha1_base64="3p/5ho4WJBL64oS94F0uQtw0TSk="></latexit><latexit sha1_base64="Cp8LT7v3/NoKM+N2+K7nk6tyvkY="></latexit>

l2
<latexit sha1_base64="H1nUKpUgPAzdzZ6jws0awEekCtU="></latexit><latexit sha1_base64="34CYup7j1tOD9gqi2gX6xykOcSk="></latexit><latexit sha1_base64="34CYup7j1tOD9gqi2gX6xykOcSk="></latexit><latexit sha1_base64="b7qrIMzeBFnYx0hCBKIQX7F2sKU="></latexit>

r2
<latexit sha1_base64="kOkb56ItqSYid3IL+3zVM+Prfro="></latexit><latexit sha1_base64="lqpK7UaSdcaB77ZLGmWixE9I5Vs="></latexit><latexit sha1_base64="lqpK7UaSdcaB77ZLGmWixE9I5Vs="></latexit><latexit sha1_base64="/5czxqlyjsL1mQrLSL7YcMf4WNI="></latexit>

r3
<latexit sha1_base64="qmA+a6qdmMXg67TRpw7pyvGX6Vs="></latexit><latexit sha1_base64="mmpp9HQmYFoIVgbGoRafzSiHogY="></latexit><latexit sha1_base64="mmpp9HQmYFoIVgbGoRafzSiHogY="></latexit><latexit sha1_base64="ieRC7NjVGzb5POq9oPIqslCpXPM="></latexit>

l3
<latexit sha1_base64="tcXqRNWmidmLm//CWA1Ae8qWfHc="></latexit><latexit sha1_base64="OVr2wT2nQvsaxd+vzggel8jF4Qg="></latexit><latexit sha1_base64="OVr2wT2nQvsaxd+vzggel8jF4Qg="></latexit><latexit sha1_base64="tmToeT6YPtmTaSGRXZGOha/AAfs="></latexit>

vk�1
c<latexit sha1_base64="/6Og8kiYi/bnIowAM65rom/Me7c="></latexit><latexit sha1_base64="/6Og8kiYi/bnIowAM65rom/Me7c="></latexit><latexit sha1_base64="/6Og8kiYi/bnIowAM65rom/Me7c="></latexit><latexit sha1_base64="/6Og8kiYi/bnIowAM65rom/Me7c="></latexit>

vk
c<latexit sha1_base64="MpoZPsdIbrc3Bv+LlZUXDbT4kRQ="></latexit><latexit sha1_base64="MpoZPsdIbrc3Bv+LlZUXDbT4kRQ="></latexit><latexit sha1_base64="MpoZPsdIbrc3Bv+LlZUXDbT4kRQ="></latexit><latexit sha1_base64="MpoZPsdIbrc3Bv+LlZUXDbT4kRQ="></latexit>

ck
<latexit sha1_base64="SfKoJFWiB6PwCMvNbC1C0XofuW8="></latexit><latexit sha1_base64="Rf4QwXifInuoT3ZEl3Ibds6v86s="></latexit><latexit sha1_base64="Rf4QwXifInuoT3ZEl3Ibds6v86s="></latexit><latexit sha1_base64="4Iv083pSFh4b1B1/K8vsS2oU2vM="></latexit>

kth cell
<latexit sha1_base64="FT8E1er9PG7b2cmT6TzXpTLck80="></latexit><latexit sha1_base64="FT8E1er9PG7b2cmT6TzXpTLck80="></latexit><latexit sha1_base64="FT8E1er9PG7b2cmT6TzXpTLck80="></latexit><latexit sha1_base64="FT8E1er9PG7b2cmT6TzXpTLck80="></latexit>

<latexit sha1_base64="Oov72QDaph7pe3uruQSm1AcSm/o="></latexit>

1

g

3 connected
phase screens

<latexit sha1_base64="MsnAodkaS+IC6CMbmruGy352tBk="></latexit><latexit sha1_base64="MsnAodkaS+IC6CMbmruGy352tBk="></latexit><latexit sha1_base64="MsnAodkaS+IC6CMbmruGy352tBk="></latexit><latexit sha1_base64="MsnAodkaS+IC6CMbmruGy352tBk="></latexit>

z
<latexit sha1_base64="C1AFTx8oQRO7yWmaXQRlf+awg04=">AAACf3icZVE9T8MwFHwNXyV8w8hStQNMVcKCGBCVWBhbiUKlJqps96W1sB0rdgslisTOCr+B38S/wbQsIW/x+e58OvlRLbixQfBd89bWNza36tv+zu7e/sHh0fGDSWcZwz5LRZoNKDEouMK+5VbgQGdIJBX4SJ9uf/XHOWaGp+reLjTGkkwUTzgj1lG919FhK2gHy2lUQfgHWjdf/vUbAHRHR7VpNE7ZTKKyTBBjhmGgbZyTzHImsPCjmUFN2BOZ4NBBRSSaOF82LYl5IlJiy5QgFl/MQpZZIo3jaIWkZlHhJLHTcgeXyVUY51zpmUXFyuq9U5JUVYUkc9Q0zimhKArf9yOFzyyVkqhxHukij1xV9+Grkya5LoqibKJ2ipY4p5a0Ea0uZcccmS2GrsL/sFbo0txuwv+bqIKHi3YYtMNe0Oo0YTV1OIUmnEMIl9CBO+hCHxggvMMHfHo178xre8HK6tX+3pxAabyrH/59ytI=</latexit><latexit sha1_base64="aCWyl1K2eIiy1onJtXHUWbNg8ec=">AAACf3icZVG7TsMwFHXDq4RXCyNL1Q4wVQkLYkBUYmFspb6kJqps96a1ajtW7BZKlC9ghS9g4JMQf4Npu4TcxcfnHB8d+RLFmTae91Nydnb39g/Kh+7R8cnpWaV63tfxIqHQozGPkyHBGjiT0DPMcBiqBLAgHAZk/vinD5aQaBbLrlkpCAWeShYxio2lOq/jSsNreuupFYG/BY2HL/defX677XG1NAsmMV0IkIZyrPXI95QJU5wYRjlkbrDQoDCd4ymMLJRYgA7TddOcmEY8xiZPcWzgRa9EnsVCW44USKJXBU5gM8t3sJlM+mHKpFoYkDSvdq0SxbIoRImlZmFKMAGeua4bSHimsRBYTtJAZWlgq9oP35wkSlWWZXkTMTMw2DqVILVgc8k7lkBNNrIV/oc1fJtmd+P/30QR9G+avtf0O16jVUebKaNLVEfXyEe3qIWeUBv1EEWA3tA7+nBKzpXTdLyN1Slt31yg3Dh3v8uHzEY=</latexit><latexit sha1_base64="aCWyl1K2eIiy1onJtXHUWbNg8ec=">AAACf3icZVG7TsMwFHXDq4RXCyNL1Q4wVQkLYkBUYmFspb6kJqps96a1ajtW7BZKlC9ghS9g4JMQf4Npu4TcxcfnHB8d+RLFmTae91Nydnb39g/Kh+7R8cnpWaV63tfxIqHQozGPkyHBGjiT0DPMcBiqBLAgHAZk/vinD5aQaBbLrlkpCAWeShYxio2lOq/jSsNreuupFYG/BY2HL/defX677XG1NAsmMV0IkIZyrPXI95QJU5wYRjlkbrDQoDCd4ymMLJRYgA7TddOcmEY8xiZPcWzgRa9EnsVCW44USKJXBU5gM8t3sJlM+mHKpFoYkDSvdq0SxbIoRImlZmFKMAGeua4bSHimsRBYTtJAZWlgq9oP35wkSlWWZXkTMTMw2DqVILVgc8k7lkBNNrIV/oc1fJtmd+P/30QR9G+avtf0O16jVUebKaNLVEfXyEe3qIWeUBv1EEWA3tA7+nBKzpXTdLyN1Slt31yg3Dh3v8uHzEY=</latexit><latexit sha1_base64="yuXErCXv5mnm0It3NWKOzwHvrgQ=">AAACf3icZVG7bsIwFHXSF01f0I5dEAztFCVdqm5IXTqCxEsiEbLNDVjYjhUbWhrlC7q2H9e/qQssIXfx8TnHR0e+RHGmTRD8Ou7R8cnpWe3cu7i8ur6pN26HOl1lFAY05Wk2JlgDZxIGhhkOY5UBFoTDiCxf//XRGjLNUtk3GwWxwHPJEkaxsVTvc1pvB36wnWYVhHvQRvvpThvOIpqldCVAGsqx1pMwUCbOcWYY5VB40UqDwnSJ5zCxUGIBOs63TUtinvAUmzLFsYEPvRFlFgttOVIhid5UOIHNotzBZjIZxjmTamVA0rLat0qSyqqQZJZaxDnBBHjheV4k4Z2mQmA5yyNV5JGtaj98d5IkV0VRlE3ELMBg61SCNKPdpexYAzXFxFY4DGuHNs3uJjzcRBUMn/ww8MNe0O609luqoXvUQo8oRM+og95QFw0QRYC+0Df6cR33wfXdYGd1nf2bO1Qa9+UPvYvJJQ==</latexit>
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FIG. 4. Electrical model of the whole system (pulse generator and power cable)
that must be considered for the simulation of the cable behavior. A water barrier
failure results in the variation of the distributed capacitance c of the faulty cell.

mental conditions, not only does the electromagnetic field exhi-
bit a radial symmetry as depicted below by Figs. 7 and 8, but
also the propagation of the voltage/current waves in the cable
only charges and discharges the three cs,a screen-armor capaci-
tors. Consequently, the problem can be highly simplified down
to the study of a conventional two-wires transmission line, as
depicted by Fig. 4. This figure presents all subsystems that must
be taken into account for the simulation of voltage/current wave
propagation in the power cable subjected to voltage pulses.

2.3.2. Transmission line parameters

For sake of simplicity, we consider in the following that the
electrical parameters of the transmission line (TL) cells do not
depend on the position of the cell in the line, except for the ca-
pacitance cd of a faulty cell (see Fig. 4). So, for what concerns
the electrical circuit modeling of each cell, one can say that :

— r(f) deals with the distributed resistance of the armor in
series with those of the three paralleled screens. And at
low frequency, its value rlf is given by :

rlf = ra(0) + rs(0)/3 (6)

where the armor and screen distributed resistances ra(f)
and rs(f) are defined by Fig. 3.

— c deals with the three distributed screen-armor mutual ca-
pacitances cs,a in parallel and thus :

c = 3 cs,a (7)

— l physically deals with the magnetic energy stored in a
cross-section when a current i(z, t) flows forward in the
three paralleled screens and backward in the armor. Using
Eq. 25, l can be related to the distributed self and mutual
inductances defined by Fig. 3 as follows :

l = la +
1

3
ls +

2

3
ms,s + 2ms,a (8)

where la, ls, ms,a and ms,s are the armor self inductance,
the screen self inductance, the screen-armor mutual in-
ductance and the screen-screen mutual inductance, res-
pectively.



FIG. 5. Evolution of the resistance of the cable conductive components in
relation to the frequency obtained by FEM (Comsol) : — rs(f), — ra(f), —
rs,s(f), — rs,s(f)

— the distributed conductance g is not taken into account
in an healthy cell because its value is far too small to be
sensitized by the excitation protocol.

Moreover, a RL-network of p-stages is classically used to take
the proximity and skin effects into account [36] as proposed in-
side the dotted rectangle in Fig. 4. This requires to introduce
the rp, lp elements of each p-stage. In order to limit the num-
ber of unknown parameters to be estimated, we have studied the
frequency and temperature dependence of the resistive and in-
ductive parameters by a finite element method, with the Comsol
software [37, 38]. Section 3.4 briefly remind how the numerical
values of resistance, capacitance and inductance can be derived
from the determination of the electromagnetic field in the cable
cross section. Fig. 5 shows the evolution of the self and mu-
tual resistances in the range [0, 10 MHz]. Using these results,
we have shown in [15] that a 4-stages network allows to accura-
tely model the frequency-dependence of the phase conductors,
armor and screens. This study also highlighted that the ratios
αp = rp/rlf and βp = lp/l are more or less independent of
temperature. Consequently, the model of a healthy cable having
an unknown homogenous temperature can be parametrized by
only the 3 parameters rlf , l, c, the number of cells Nc being
chosen high enough to accurately simulate the forward/reverse
wave propagation.

2.3.3. State-space model

Let us note ikrp and iklp the current flowing respectively in the
pth resistor rp and inductance lp of the kth cell. We obtain, for
a 3-stage network, the following set of equations :

dvkc
dt

=
1

ck
(ikl − ik+1

l ) (9)

dikl3
dt

=
r3
l3

(ikl − ikl1 − ikl2 − ikl3︸ ︷︷ ︸
ikr3

) (10)

dikl2
dt

=
r2
l2

(ikl − ikl1 − ikl2︸ ︷︷ ︸
ikr2

) +
r3
l2
ikr3 (11)

dikl1
dt

=
r1
l1

(ikl − ikl1︸ ︷︷ ︸
ikr1

) +
r2
l1
ikr2 +

r3
l1
ikr3 (12)

dikl
dt

=
(vk−1c − vkc )

l

−rlf
l
ikl −

r1
l
ikr1 −

r2
l
ikr2 −

r3
l
ikr3 (13)

that clearly shows the recursive nature of the state variable deri-
vatives. Indeed, reminding that rp = αp rlf and lp = βp l, then
a P -stage network is described by :

{
dikl
dt = AkP ikl + 1

l (v
k−1
c − vkc )

dvkc
dt = 1

c (ikl − ik+1
l )

(14)

with ikl = [ikl , i
k
l1
, . . . , klP ]t and :

AkP =
rlf

l
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
(15)

Then, noting xt(t) = [i1l (t), . . . , i
Nc

l (t), v1c (t), . . . , vNc
c (t)]

the state-space vector with dimension of Nc (P + 3), θθθt =
[rlf , l, c] the parameter vector and yts(t) the voltages measured
across the resistances Ra and Rm, one obtains the following
state-space representation :

M(θθθ)

{
ẋ(t, θθθ) = Ac(θθθ) x(t, θθθ) + Bc(θθθ) e(t)
y(t, θθθ) = Cc x(t, θθθ) +Dc e(t) (16)

with

Btc(θθθ) = [
Ra

l(Ra +Rg)
, 0, . . . , 0] (17)

Cc =

[
− Ra

(Ra+Rg)
0 . . . 0

Rm 0 . . . 0

]
(18)

Dtc = [
Ra

(Ra +Rg)
, 0] (19)

and

Ac(θθθ) =



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P
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
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(20)

LP =




− 1
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1
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0
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0 . . . 0 1

l − 1
l


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(21)



CkP =


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1
ck
− 1
ck
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0
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0
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ck
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ck


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(22)

where AkP are defined by 15, with just a difference for the first
element of A1

P that takes into account the connected pulse ge-
nerator :

A1
P (1, 1) = −1

l

(
Rm +

RaRg
RaRg

+ rlf (1 +

P∑

p=1

αp)

)
(23)

Note that taking the distributed conductance ρ into account uni-
quely modifies the matrix OP and that A1

P (Nc, Nc) imust be
updated similarly to 23 if the power cable is connected to a load
at its right end. Moreover, one can observe that it is very simple
to take the water ingress in the kth cell : it is sufficient to change
the capacitance value of the CkP matrix.

3. SENSITIVITY ANALYSIS

3.1. Case study description

As said in introduction, this work is the continuation of the
study based on the 3-phase, 20 kV, 8 MVA submarine cable
of the SEM-REV French multi-technology open sea testing site
managed by Ecole Centrale de Nantes. The previous work consi-
dered the screen-to-conductor transmission line whereas this
study consider the screens-to-armor TL and explores the pos-
sibility of locating a fault resulting in the relative variation of
the screens-to-armor distributed capacitance cd (see Fig. 4) at
an unknown distance k δz of the cable extremity, δz being the
length of an elementary cell (see. Fig. 4). For this, we use the
above state-space model (16) to simulate the cable input-output
behavior in presence of a fault in the kdth cell, where the value
of cd is related to the water content of he concerned "faulty cell".
A realistic range of evolution of the distributed capacitance cs,s
and cs,a can be obtained by FEM. Fig. 6 shows the evolution
of the armor-to-screen and screen-to-screen capacitances in re-
lation to the moisture content inside the cross section, the per-
mittivity of the medium not filled by synthetic filler changing
progressively from that of air to that of water.

3.2. Model-System convolution

Then the simulated signals are used to identify a series of
faulty-models Mkd(θθθd), kd ∈ [0Nc], with θθθtd = [rlf , l, c, cd], cd
being the unknown distributed capacitance of the kth cell sup-
posed to be the faulty one. We can hope that the kdth model
Mkd(θ̂θθd) that presents the lowest error energy deals with the
right position of the faulty cell, and that the estimated value ĉd
deals with the right armor-to-screen capacitance of this faulty
cell. In other words, we perform a kind of convolution between
the model and the system. This approach limits the impact of the
modeling noise which remains significant given that the model
poorly simulate all very high-frequency phenomena.

Of course, we also consider the measurement noise introdu-
ced by the 12 bits ADC (the picoscope 5444D, 1 GS/s, 200 MHz
analog bandwidth).

3.3. Considerations of the pulse generator

In order to respect the MRE cost constraints, we have develo-
ped a high voltage pulse generator which, combined with a cost-
effective 12 bits 1 GS/s datalogger, provides a 2 ke per cable
monitoring system. This pulse generator consists in a 650 V
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FIG. 6. Evolution of the armor-to-screens capacitance in relation to the
moisture content of the medium (inside the cross section), its permittivity
changing progressively from that of air to that of water.

GaN half bridge driven with a 1 ns deadtime to limit the cross-
conduction. Thanks to an in depth PCB layout optimization and
a very low total gate charge of the latest GaN FETs, we suc-
ceeded to apply 400 V square pulses with rise/fall times of less
than 8 ns and with very small voltage ripples. For realistic simu-
lations, we therefore consider e(t) as a quasi ideal square signal,
with 60 V/ns slewrates but without any voltage ripple. The re-
sistancesRm andRa have been introduced for the measurement
of current and voltage. Ra also plays the role of matching resis-
tance limiting high frequency oscillations and over-voltage that
should destroy the pulse generator. Rg deals with the drain-to-
source on resistance, its value is less than 100 mΩ.

3.4. Numerical determination of the distributed parameters
by finite element method (Comsol)

The self and mutual capacitances of a set of N conductors
can be calculated independently of the frequency using the fol-
lowing expression of the electrostatic energy :

We =
1

2

N∑

i=1

Ci,iV
2
i −

N∑

i=1




N∑

j=1
j 6=i

Ci,jViVj


 (24)

where Ci,i and Ci,j are the self and mutual capacitance of the
conductors i and j, respectively, and Vi, Vj their electrostatic po-
tential. Then the numerical value of Ci,i is obtained by applying
Vi = 1, Vj 6=i = 0 and Ci,j by applying Vi = 1, Vj = −1.
To illustrate the method, Fig. 7 shows the electric field obtained
by applying a 2V voltage drop between the armor (at potential
+1 V and the three connected screens at −1 V).

In the same way, the self and mutual resistances and induc-
tances of a set of N conductors can be calculated using the fol-
lowing expression of the magnetic energy and Joule losses :

Wm =
1

2

N∑

i=1




N∑

j=1

Li,j(f)IiIj


 (25)

Pj =

N∑

i=1




N∑

j=1

Ri,j(f)IiIj


 (26)



FIG. 7. Computation of the electrostatic field used to post-process the mutual
armor-screens capacitance.

FIG. 8. Computation of the induction field used to post-process the
transmission line inductance and resistance.

where Li,i(f), Li,j(f),Ri,i(f),Ri,j(f), are the self and mutual
inductances and resistance of the conductors i and j, respecti-
vely, and Ii, Ij the sinusoidal current flowing inside at a given
frequency f . For example, Fig. 8 shows the magnetic field den-
sity at 100 Hz calculated by FEM for a 1 A current flowing for-
ward in the three paralleled screens and backward in the armor.

3.5. Considerations of the granularity of the TL model

Intuitively, the higher the number of cells, the better the mo-
del should be able to simulate the healthy cable and the cable
with a more or less localized fault. And furthermore, the higher
Nc, the more accurately it will be possible to locate precisely
a fault in the cable by the model-based approach. In practice,
one can observe (see Fig. 9) that the modeling noise firstly de-
creases significantly and reaches a plate around 240 cells, after
which its decrease is compensated by the increase of numeri-
cal noise. For the following sensitivity analysis, the input/output
behavior of the healthy and faulty cable is therefore simulated
with Nc = 300, which deals with a good tradeoff between si-
mulation time and spatial granularity. Fig. 10 compares the sys-
tem outputs measured on the 3-phase, 20 kV, 8 MVA submarine
cable of the SEMREV test bench with the ones simulated by

FIG. 9. Evolution of the Model-System distance D(θ̂θθd) and the computational
cost in relation to the granularity of the transmission line (i.e. the number Nc
of cells under consideration) [15].

FIG. 10. Comparison between experimental and simulated signals obtained
with the 3-phase, 20 kV, 8 MVA submarine cable of the SEMREV test bench
and model parameter values calculated par FEM [15].

the model M(θθθ) for Nc = 300 where the numerical values of
the distributed parameters rlf , l and c are calculated by FEM as
explained in section 3.4. The good agreement between the si-
mulated and measured signals validates the high frequency TL
model of the power cable.

3.6. First results

Fig. 11 shows the model-system convolution, i.e. the scan of
the evolution of the model-system normalized distance D(θ̂θθd) in
relation to the unknown position of the faulty cell, for different
moisture contents in the faulty cell (i.e. for different values of its
distributed capacitance), the failure being located within the "si-
mulated" system at 250 m. This figure clearly highlights that the
model-system convolution should allow to locate a relative evo-
lution of the distributed capacitance greater than 10 %, which
must be compared to the evolution of more than 500 % obtai-
ned when sea water completely fills the air gaps of the cable
cross-section.

4. CONCLUSION

Monitoring the umbilicals of offshore floating wind farms in a
cost competitive manner is a key challenge for the development
of this renewable energy. In this paper, we explore the diagno-
sis of the ombilical external sealing barrier by a model-based
approach. A sensitivity analysis is performed using the determi-
nation of the distributed TL parameters by finite element me-
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FIG. 11. Evolution of the Model-Sytem distance D(θ̂θθd) in relation to the
position of the faulty cell, for different water content in the cable cross-section.
For example, the upper green line deals with the convolution of the model and
the cable of which the water ingress results in an evolution of 30% of the csa
distributed capacitance.

thod and an accurate simulation of the power cable. This ana-
lysis shows that a water barrier breakdown induced a relative
increase of the distributed screen-to-armor capacitance far hi-
gher than the threshold value detectable by the identification of a
continuous-time state-space model of the dynamic power cable.
Next work will compare the sensibility and accuracy of this new
approach with the ones of more classical diagnostic methods.
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