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Abstract—  This  paper  presents  the  results  of  the  new
numerical  method  based  on  absolute  nodal  coordinate
formulation aimed to analyse cable dynamics, generated by the
electric  short-circuit  currents.  The  method  allows
interdisciplinary  mechanical  and  electrical  research  of  cable
dynamics,  where  large  electrical  currents  are  present  in  the
cables. The method involves calculating dynamic response of the
arbitrary sag of the suspended cables, anchored on a support of
an arbitrary height level.  The displacement of the cables from
their initial position, induced by electrical currents, can be used
for  the  controlled  movement  of  the  cable  system.  Cable
movement can be used for cable de-icing.
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I. INTRODUCTION

The numerical  method presented in this paper is  a novel
expansion  of  the  Absolute  Nodal  Coordinate  Formulation
(ANCF)  which  allows  the  research  of  combined  electro-
mechanical  problems.  When  talking  about  electrical  cables
and their  mechanical  movements,  we must  account  for  the
specific interconnected domains of electrical and mechanical
engineering,  where  one  domain  affects  the  other  and  vice
versa.

In general, on overhead lines, the cables are free of mutual
constraints  in  space.  They do not touch each  other  as long
electrical currents are small. When the currents in the cables
are large enough, the electromagnetic force can displace the
cables  up  to  the  point  of  mechanical  contact  between  the
cables.  At  the  time  of  cable  contact,  a  clashing  force  is
generated on the surfaces of the cables. In this paper, the term
contact forces is used interchangeably with the term clashing
forces. These contact forces can be used as an electrical de-
icing generator. In addition, in some cases, even the cable’s
own  movement  can  be  the  source  of  the  de-icing.  The
presented paper upgrades the work of previous researchers by
utilizing modern computer  numerical  simulation capabilities
into the research  of  the de-icing phenomena.  The literature
regarding cable dynamics connected with electrical currents is
primarily limited on overhead lines research. Cable de-icing
was studied in [1] and cable swinging in [2] with a focus on
analyses of performed site tests. In [3] a numerical model is
presented, but it is based only on system discretization with
the equivalent mass-node approach. In this paper, the ANCF
[4] and their extension [5] is used to simulate and analyse the
dynamic  response  of  current-carrying  cables  due  to  the
electrical  currents.  The  ANCF  is  a  finite-element  method
developed for the analysis of large deformations and rotations

using continuum mechanics. It is widely used in the modelling
of different mechanical problems.

 With the use of simulations, an unlimited number of study
cases can be analysed prior performing site tests. The first part
of the paper summarizes the theoretical background related to
the electromagnetic forces and cable dynamics. As a vital part
of numerical calculation, the contact forces involving mutual
interaction of two cables are used. To solve the equations of
motion of the cables in overhead lines, the computer software
named Dynamical  Analyses of  Overhead  Lines (DAOL) was
written.  In  the  second  part  of  the  paper,  some  basic
conclusions based on numerical simulation using short-circuit
electric current in the parallel cables are outlined. The values
and shapes of  electric  short-circuit  current,  related  with the
value of the contact  forces  are also addressed. Even though
that  presented  method  is  explained  using  simple  cable
configurations,  it  is  a  general  method  and  can  be  used  in
similar cable- electric current problems.

II. NUMERICAL PROCEDURE

The cable displacements, induced by electrical currents can
be  used  for  the  controlled  action  of  the  cable  system.
Therefore,  it  is  desirable  to  use  an  effective  approach  to
modelling  and  predicting  the  cable  dynamics  using  a
combined electro-mechanical model.

As  an  example,  let  us  take  an  electro-mechanical  multi-
body system that consists of two cables. As shows Fig. 1, each
cable is carrying Ik =Ik (t) electrical current in a given direction
and t is time. The electric current can be step, ramp or pulse
function or a programmed sequence of electric pulses. Each
cable has a length L, span a, and parallel distance  d between
cables  in  3D space.  According  to  the  ANCF method,  each
cable is divided into Ni finite elements.

Fig. 1 Two parallel cables carrying electric current.
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The solution of the system’s equations of motion gives the
dynamic  response  in  the  time  domain.  For  the  equation  of
motion, the internal elastic forces, the gravitational forces, an
external  cable-load  forces,  the  aerodynamic  forces,  and
damping forces  are included.  Together,  they are referred  as
the external generalised forces Qe. Details can be found in [6].
To  include  the  effect  of  the  electrical  currents  that  flow
through the conductors, the equations of motion are expanded
with  the  generalised  electromagnetic  forces,  referred  to  as
Qem.  As will  be discussed later,  the equation of mechanical
motion must also be expanded with the generalised contact
forces  Qcon.  That  is  the  way  to  introduce  time-dependent
constraints into the motion equation, and by that describe the
contacts  between  the  cables.  The  motion  equations  in  the
ANCF notation are then  

(1)

In (1)  M is the mass matrix,  Ce is the constraint Jacobian
matrix,  is the Lagrange multiplier vector and Qd is a vector
that absorbs the first derivatives in the coordinates [4]. Note
that the motion equations are valid for the whole multi-body
system, so the dimension of equation is equal to the number of
finite  elements  multiplied  with  ANCF  degrees  of  freedom
(DOF). DOF of the cable finite element is 12 [6]. The cables
are  free  of  mutual  constraints  in  space.  At  this  point,  no
spacers  between  cables  are  considered.  The spacers  can  be
introduced into model with significantly higher computational
costs, but there is no merit to this at the current stage.

Cables  do  not  touch  each  other  as  long  the  electrical
currents are small or equal to zero as shows black circles for
left  (LC)  and  right  (RC)  conductor  in  Fig.  2.  When  the
currents in the cables are large enough, the electromagnetic
force can displace the cables up to the point  of mechanical
contact between the cables, as shows magenta circles in Fig.
2. 

Fig. 2 Cross  section  of  the  two  parallel  cables  carrying  electric
current.

The contact force  Fcon is generated at the contact point on
the surfaces of the cables, when cables collide each other with
the velocity v. This force can be used as an electrical de-icing
generator, in similar sense as manual cable de-icing [7]. 

To calculate the contact forces the cable constraints have to
be checked in the equation of motion (1) for every time step of
the  numerical  computation.  To make  decision  if  there  is  a
contact  or  no  between  cables,  the  simplified  sort  moving
boxes (SBM) searching algorithm is used [8] in DAOL. 

 

III. CONTACT ANALYSES WITH NUMERICAL EXAMPLES

A. Example layout
The outlined initial questions regarding electro-mechanical

de-icing  are:  (1)  What  is  the  required  minimal  value  of
electrical  current,  to  achieve  mechanical  contact  between
cables, (2) what is the influence of the shape of the electrical
current  to  cable  response  and  (3)  what  is  the  optimal  time
sequence  between  electrical  pulse  using  for  excitation  of
cables.  The  numerical  examples  that  follows,  gives  basic
answers  to  the  posing  questions  and  at  the  same  time,
demonstrate the capabilities of developed numerical  method
and software.

In  the  numerical  examples,  with  the  layout  presented  in
Fig.1, the bare conductor ACSR 240/40 is used. It has the m
mass per unit length 0.98 kg/m and diameter dc equal to 21.8
mm. The span length a between anchored cables ends is 200
m and mutual distance  d between conductors is 0.4 m. Both
cables are initially strung with the horizontal H tension equal
to 12 kN. The Rayleigh damping coefficients for the cable are
=0.235 and =1.3 10-3  [9].

The  cable  dynamic  response  depends  on  external
excitations, that is the electric current value  I and its shape.
Three  current  shapes  described  as  time functions  are  used.
The  ramp  shape  current,  the  pulse  current  and  at  last  the
multiple  pulses currents  are  used,  as  illustrate  Fig.3.  The
current shapes should be understood as envelopes of the actual
AC current (RMS value).  In the electrical 50 Hz system  the
current  period  is  20  ms.  On  the  other  side  the  cable  self
motion period goes into the seconds,  so using envelopes in
numerical simulations is justified. The ts is starting stationary
part of the simulation and it is in all cases 0.1 s. The td is time
duration of the ramp or impulse. The  tr is taken as 0.1s for
advanced integration properties of (1).

Fig. 3 Shape of the electric current.

B. Electric current as ramp function
The first  numerical  example  present  in  Fig.3,  shows the

movement of the conductor  horizontally at right angle to the
line  direction,  as  a  dynamical  response  to  the  ramp  shape
electric  current  Fig.3a.  The  five  different  front  rise  time  td

from 0.1 s to 3 s are taken into analyses. As it is intuitively
expected, the shorter the time td is, the more emphasised is the
dynamical  response.  But  there  is  highly  non-linear  relation
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between  cable  displacement  and  electrical  current.   The
distance  d between  cables  is  known.  By  that  the  cable
displacement in x direction is known constraint equal to (d-
dc)/2. Note that, from curve that is presented in the case td=3 s,
the  contact  between  cables  can  be  observed  before  current
reaches its final value. Also, mitigation around cable contact
point is the lowest. This fact can be used to determine minimal
electrical  current  to  reach  contact  between  cables  for  any
particular cable configuration.

Fig. 4 Dynamical  response  to  ramp  electrical  current  with  the
different front angles.

The best way to determine the minimal electrical  current
that  is  needed  to  achieve  contact  between  conductors,  is
through numerical  calculation,  using ramp function.  Due to
inertial cable forces the time td in simulation should not be too
short. It is recommended that rising of the ramp time td is near
or greater than natural period of the conductor. At that point it
must be noted, that the out of plane cable motion should be
taken into account. In given coordinate frame that is in the x
direction.  The  first  out  of  plane  mode  is  given  with  the
equation [8]:

ω1=
π
a √ Hm . (2)

In numerical example, the calculated natural period is 3.6 s.
Note that in the results presented Fig. 5 the cables are without
accreted load. The next question is, at what rate does the ice,
accreted on the cable, increases the required minimum value
of  the  electric  current  that  is  needed  to  achieve  contact
between  cables.  For  this  purpose,  the  second  numerical
example is  shown in Fig.5.  The graph compares  dynamical
response of the cables in midspan, and presents three different
additional ice masses on the cable; reference 0 kg/m, 1 kg/m,
and 2 kg/m. As before the ramp current function is used in
calculation, with the time td equal to 4 s and I equal to 1 kA. 

Fig. 5 Dynamical  response  to  ramp  electrical  current  with  the
different mass of the accreted ice.

From known time  td =4 s of the ramp, time  ts=0.1  s  and the
time of cables first contact extracted from Fig.5, the values of
the minimal electric current,  that is needed to achieve cable
contact are calculated. Results are presented in Table 1.

TABLE 1. INFLUENCE OF ICE LOAD ON THE ELECTRIC CURRENT

Ice on conductor Calculated time Electric current

[kg/m] [s] [A]
0 3.18 770

1 kg/m 3.57 868 
2 kg/m 3.94 960 

The Table  1 shows that  the  relation  mass  of  the  ice  on
conductors  and  electric  current  is  highly  non-linear.  In  the
case of self-conductor mass of 0.98 kg/m with an added ice
load  1  kg/m require  13% higher  electric  current  compared
with the bare cable. The bare cables, with 2 kg/m of load ice
require 25% higher current to achieve contact between cables
compared to bare cables without any load. 

C. Electric current as pulse function
The next  step  in  presented  analyses  takes  into  focus  the

cable  dynamic  response,  when  the  impulse  electric  current
shape  is  applied,  as  shows Fig.3b.  In  this  case,  we  expect
transient  dynamical  cable  response.  Firstly,  to  optimize
electric  energy  in  the  sense  of  duration  of  electric  current
pulse the length of impulse on the cable response is analysed.
As was noted in previous numerical example, the dynamical
response is delayed because of the inertial cable forces. The
cable movement can’t instantly follow the steep inclined front
side of electric current pulse. There exists a minimal width of
the electric pulse and on the other side, there is no benefit to
cable response if the electric pulse is too wide. To get insight
of the transient response in dependency of the pulse width, the
Fig.6 shows the numerical results for the three different pulse
widths. All pulses has equal current value 1 kA per cable. The
cases are calculated with the pulse time duration  td,  equal to
0,5  s,  1  s  and  2  s.  From  previous  results  analysing  ramp
excitation electric current, the cable response delay regarding
the inertia forces is estimated to be 0.8 s. 

3 of 5



Fig. 6 Dynamical  response  to  different  width  of  the  electrical
current pulse.

On Fig.6 the black curve present case when electric pulse is
shorter than inertial delay. It can be seen, that due to inertia,
even in that  case the cable contact  is achieved,  but slightly
delayed compared to the 1 s or 2 s electric current pulses. At
wider pulses, a shape of the cable response after first contact
shows, that the cable bouncing around contact point. That is
because  the electro-magnetic  attractive  force  is  still  present
after first contact. For de-icing, the most interesting is the first
impact  between  cables  and  corresponding  contact  forces  at
that time. That leads us to conclusion, that the optimal pulse
width is around time window near inertia cable delay. In all
cases after  the single electric  current  impulse,  there was no
further  contact  between  cables.  Therefore,  for  efficient  de-
icing, multiple pulses should be used.

D. Electric current as multiple pulse function
 In this paper, for illustrative purpose the three consecutive

electric  pulses  are  used,  as  illustrates  Fig.3c.  Before
proceeding  with  the  analyses  of  finding  the  optimal  time
sequence  between  pulses,  the  different  values  of  electric
current  to  the  cable  response  is  analysed.  For  this,  the
excitation using the three electric current pulses is simulated.
The time values are  tr=0.1s, pulse length  td=0.8 m and time
gap between pulses  tz=2.8. Two values of electric current in
each cable are taken, 1 kA and 2 kA respectively. The results
of the simulation are shown in Fig.7. From the point of cable
displacement  from its  initial  position,  it  seems,  that  higher
values of the electric current do not give any notable benefit,
but  we  will  return  to  this  point  later,  during  analysing  the
contact forces. 

Fig. 7 Dynamical  response  to  different  values  of  the  electrical
current pulses.

To  demonstrate  the  importance  of  the  time  sequence
between pulses, two cases are compared. In first case the time
sequence  tz correspond  with  the  cable  out  of  plane  natural
period,  and it  is  taken to be 2.8 s.  In the second case  tz is
shorter and it is half of previous, that is 1.4 s. Fig.8 presents
calculated cable responses to these two time sequences of the
three consecutive pulses, at the electric current 1 kA per cable.
In both cases there are contacts, but in the case where time
sequence  more  corresponds  with  the  cable  system  natural
frequency, the time of cables collision are emphasized.

Fig. 8  Dynamical  response  to  different  time  sequence  between
three electric current pulses. 

It is time to look at the de-icing mechanism from the point
of the contact forces, that occur when cables clash with each
other.  To  simplify  analyses,  only  part  of  vector  forces
perpendicular  to  the  cables  are  calculated,  that  it  is  in
direction horizontally at the right angle to the line direction in
used coordinate frame. That direction is mainly the cause of
efficient de-icing mechanism. In Fig.9 the contact forces that
appear in the midspan are shown. The electric current is 1 kA.
It can be observed that contact forces are emphasized when
time sequence is near natural period. As such, it is wise to use
the right time gap between pulses.

Fig. 9 Force in the perpendicular x direction at the cable midspan. 

The  response  of  the  cable  inside  span  has  the  wave
character. That means, that the disturbance wave travels along
the  span  of  the  cable.  Therefore,  contacts  between  cables
occur  not  only  in  midspan,  but  also  along  the  entire  cable
span.  To  compare  those  forces  at  particular  position  along
span,  in  Fig.10 the  calculation  results  for  the  forces  in
perpendicular  to  the  line direction  are  shown.  Three
characteristic positions along span are taken in consideration.
First  one  corresponds  to  the  cable’s  left  attachment  point,
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second one in at the quarter of the span and third one is in the
middle  of  the  span.  The  Fig.10 reveals  that  the  dynamic
movement of the cable inside span, has forces that are high
enough that they can contribute to de-icing.

 Fig. 10 Force in x direction in left attachment, quarter and half of
the span.

In the final numerical example, the influence of the current
pulse height to the value of the contact forces between cables
are analysed. As before, the three consecutive electric current
pulses are used, but with the different peak current values 1
kA and 2 kA. The time tz is set as optimal time gap and it is
equal to 2.8 s.  The simulation results of the cable response
presents Fig.11. From results it follows that the double electric
current  approximately  doubles  the  contact  force.  So,  if  the
required contact force to remove ice deposit from the cable is
known,  using  presented  method,  the  required  value  of  the
electric  current  can  be  determined  for  any  arbitrary  cable
configuration. The next step is then similar as given in [7] or
[10].

Fig. 11 Dynamical  response  to  different  values  of  the  electrical
current pulses.

Once  the  minimal  required  electric  current,  width  of  the
electric pulses and time sequence between them are known,
the necessary electric energy, which electric grid must provide
for de-icing, can be determined. From that, the global stability
and transient studies of electrical grid can be performed.

IV. CONCLUSIONS

This paper presents the method and numerical results from
a developed software tool to study dynamic response of the
parallel  cables  excited  with  the  high  electric  currents.  The
approach based on finite element ANFC method. The use of
derived  motion  equations,  including  the  electromagnetic

forces and the contact forces, together with an efficient search
algorithm  to  detect  possible  contact  events,  results  in  a
streamlined  tool  for  studying  interconnected  electro-
mechanical multi-body systems. 

The focus is given to the problem of electromagnetic de-
icing  from  the  overhead  transmission  lines.  The  general
conclusions are: The minimal current needed that cables clash
together  are  non-linear  regarding  to  the  additional  mass  on
cable, the inertial cable time delay should be considered at the
determination phase of time width of excitation current pulse
and  the  time  distance  between  current  pulses  should
corresponds to the out of plane natural period of cable.

The future work on presented topic will be on upgrading
numerical  algorithm,  which  will  allow  studying  dynamical
response  of  cables,  considering  partially  shedding  ice  from
cable,  at  locations  where  contact  force  is  high  enough  to
remove ice from cable.
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