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ABSTRACT

The effects on the dynamic behaviour of the geometric nonlinearity and large dynamic tensile
forces occurring in hostile sea environments must be investigated for assessing extreme tensions
and fatigue life expectancy of cable.

In this paper, the combined effects on the cable dynamic responses are shown through
comparisons between numerical solutions to the cable dynamic equations with geometric
nonlinearity and large tensile force terms as well as nonlinear drag term and those to the
cable equations with only nonlinear drag term.

It is found that, in steady state, the cambined effects increase the maximum dynamic tension
and reduce the magnitude of the minimum of the dynamic tension at the middle of the cable.
This decrease together with the increase of the maximum dynamic tension, cause the average

tension to become higher and, therefore, it may deteriorate the cable fatigue life.
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1. Introduction

Two typical offshore applications, deeper water
moorings and open sea towing, suffer from very
large cable dynamic tension amplification in rough
seas, necessitating a detailed analysis.(1] This in
turn requires a complete understanding of the effect
of the nonlinearities involved.(2]

Author has studied the combined effects of the
geometric nonlinearity, large dynamic tension and
nonlinear drag forces on the cable dynamic response,
with the limitation that the total tension remains
positive at all times.(5) For the analysis of nonlinear
effects on cable dynamics, great attention is paid to
the time domain simulation methods. The time
domain simulation method employed here is based
on the collocation method spatially and Newmark’s
method for time integration.(4] and (5]

The numerical applications are made and through
comparison between the dynamic response of the
cable with only nonlinear drag forces and that of
the cable with the combined effects of geometric
nonlinearity and large tensile forces, author find
that, in steady state, the combined effects increase
the maximum dynamic tension and reduce the

magnitude of the minimum of the dynamic tension.

2. Simplified Nonlinear Governing
Equations

The 2-dimensional, simplified nonlinear equations
of motion of a cable with coplanar static configura-
tion, expressed along the local tangential and normal

directions are,[13, (2], (5]
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ai d¢0 = -+
EA 3s +EAp ds EA(1-+-e)¢y (1a,b,e,d)

where
Ty . static effective tension

T, :dynamic effective tension

p : tangential displacement based on the static
configuration

¢ :normal displacement based on the static
configuration

. Lagrangian coordinate
do © static angle

¢1 :dynamic angle

eo . static strain

er . dynamic strain (e=eo-e1)

m . mass per unit length

m, : added mass per unit length (M=m+m,)

E : Young's modulus

A cable sectional area

F(Fy) : tangential component of the fluid drag
force based on the moving (static)
configuration of the cable.

Fa(F,o) : normal component of the fluid drag
force based on the moving (static)
configuration of the cable.

The first two equations express the force equili-
brium in the tangential and normal directions based
on the static configuration respectively: the mnext
two equations express compatibility of motion.

From equations (la,b,c,d), we identify the follo-

wing nonlinear terms.
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Nonlinear drag terms (2a,b,c,d,e)
Boundary conditions and Initial conditions are as
follows (Fig. 1).

- Boundary conditions

»(0,6)=0

q(0,8)=0

(1, )= h(t)cos(owop—8)

(1, 1) =—h()sin(poiop—0) 3
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Fig. 1 Excitation and Lagrangian Coordinates

Where
h(#) : arbitrary excitation function of time ¢
imposed at the top of the cable.
dowop - Static angle at the top of the cable
0 : angle of direction of the excitation

- Initial conditions
2(s,00=£1(s)
q(s, 0)=r2(s)

vgtiu, 0 =F5(s)

29 (5. 0= @
where £i(s), fo(s), fals) and fi(s) are arbitrary

functions of the Lagrangian coordinates.

For the numerical scheme, we employ an expansion
of the response in terms of Chebyshev polynomials
[4]; a collocation method spatially and Newmark’s
method for time integration.(3)

Approximate solutions of the governing equations
of the inclined cable with buoys are sought in the

form of a truncated series.
N
FN(S»t):glfn(t)b,.(s)

where
Fy(s,t) © approximate solution
£
b.(s)
For this cxpansion, Chebyshev polynomials T,.(s)

: expansion coefficients of F(s,t)
: time independent orthogonal functions

are used and they are orthogonal to each other in
—1<<s<1,

method for a spatial integration scheme. Due to

the interval based on the collocation

nonconstant terms in the governing equations of

the cable, the collocation method is superior to
Galerkin’s method (4],
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3. Numerical Applications

The inclined cable GUYSTA is used in order to
determine the effects on the dynamic response the
principal parameters of the inclined cable are found in
Table 1.

Fig. 2 shows the static configuration ofthe ine-
lined cable. The natural frequencies of this cable are

First Natural Frequency=0.900 rad/sec
Second Natural Frequency=1.193 rad/sec

T,=1332000N L=1036m |‘

m=48.7kg/m Do=0.0889m |
‘ m,—6.3kg/m depth=426.7m '

Weater=414.98N/m Cdn=1.2

EA=1.3x10°N Cdt=0.05

No current

Table 1 Principal parameters of the inclined cable

The exciation is applied at the top point of the
inclined cable, in the form of an imposed motion,
whose amplitude is equal to 10 cable diameters and
its frequency is equal to the first natural frequency
of the cable.

Fig. (3),(4) and (5) show the dynamic response
of the cable subjected to only the nonlinear drag
forces and, in a few periods, the dynamic responses
reach steady state. In Fig. (5), the high frequency
fluctuations result from ihe strong singularity of
the initial velocity.

Fig. (6),(7) and (8) show the dynamic response
of the cable with geometric nonlinearity and large
tensile forces, as well as nonlinear drag forces. The

T Y T T T T A o Ty ey ety

BT T T I Y B T BT SO MU T7 S

t lante (i)

Fig. 2 Static configuration of GUYSTA
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Fig. 3 Dynamic tension at the middle of GUYSTA,
subjected to only nonlinear drag forces (10
diameters, 0.9rad/sec]
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Fig. 4 Normal displacement at the middle of GUY-

STA, subjected to only nonlinear drag forces
(10 diameters, 0.9rad/sec)
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Fig. 5 Dynamic tension at the top of GUYSTA,
subjected to only nonlinear drag forces [10

diameters, 0.9rad/sec]

combined effects of both geometric nonlinearity and
large tensile forces on the dynamic tension are obser-

ved making small peaks between large peaks of the
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Fig. 6 Dynamic tension at the middle of GUYSTA,
subjected to geometric nonlinearity and large
tensile forces as well as nonlinear drag forces

{10 diameters, 0.9rad/sec]
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Fig. 7 Normal displacement at the middle of GUY-
STA, subjected to geometric nonlinearity and
large tensile forces as well as nonlinear drag
forces (10 diameters, 0.9rad/sec]
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Fig. 8 Dynamic tension at the top of GUYSTA,
subjected to geometric nonlinecarity and large
tensile forces as well as nonlinear drag forces
(10 diameters, 0.9rad/sec]

dynamic tension in Fig. (6) and (8).
Through comparison between the dynamic response

of the cable with only nonlinear drag forces and
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Fig. 9 Comparison between dynamic tensions at the
middle of GUYSTA subjected to nonlinear
drag forces and GUYSTA subjected to geom-
etric nonlinearity and large tensile forces as
well as nonlinear drag forces [10 diameters,
0.9 rad/sec]—from Figs. 3 and 6
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Fig. 10 Comparison between normal displacements

at the middle of GUYSTA subjected to non-
linear drag forces and GUYSTA subjected
to geometric nonlinearity and large tensile
forces, as well as nonlincar drag forces {10
diameters, 0.9rad/sec)

Table 2 Comparison of the maximum dynamic response of GUYSTA with only nonlinear drag forces,
with respect to the case of including both geometric nonlinearity and large tensile forces, as

well as nonlinear drag forces

Ttem Combined effects

Nonlinear drag forces

only Difference(%)

Maximum
dynamic 14138. 6N
tension

in the middle

9744.02N +45%

Maximum
normal 4.282(m/dia)
displacement

in the middle

4.10(m/dia) +4.44%

Maximum
dynamic 12499. 5N
tension

at the top

that of the cable with the combined effects of geo-
metric nonlinearity and large tensile forces in Fig.
(9),(10) and (11), author found that, in stcady
state, the combined effects increase the maximum
dynamic tension (Fig. 9 and 11) and reduce the
magnitude of the minimum of the dynamic tension
at the middle of the cable (Fig. 9). In table 2, the
increase in the maximum dynamic tension at the
middle of the cable was 45% and, the increase at

the top 51%.

KWENBEE H2B LS 1990 A

8266.13N +51.21%

The decrease in the magnitude of the minimum
dynamic tension in the middle of the cable is found
to be equal to 36% (Table 3). This decrease, toge-
ther with the increase of the maximum dynamic
tension, cause the average tension to become higher.

The same phenomena-increase of the maximum
and reduction of the magnitude of the minimum—
are obtained for both the tangential and normal
displacements (Fig. 10 and Table 2 and 3).
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Table 3 Comparison of minimum dynamic responses of GUYSTA with only nonlinear drag forces with
respect to the case of both geometric nonlinearity and large tensile forces, as well as nonlinear

drag forces

Ttem

Combined effects

1" Nonlincar drag forces . )
g fo Difference(%)

only

Minimum
dynz.lmlc —6260.96N
tension

in the middle

—9779.85N

Minimum
normal —3.917(m/dia)
displacement

in the middle

—4.095(m/dia) —4.3%

Minimum !
dynamic —8820. 14N
tension

at the top

—8262. 12N
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Fig. 11 Comparison between dynamic tensions at the
top of GUYSTA subjected to nonlinear drag
forces and GUYSTA subjected to geometric
nonlincarity and large tensile forces, as well
as nonlinear drag forces [10 diameters, 0.9
rad/sec]—from Figs. 5 and 8

4. Conclusions

Comparisons in Tables (2) and (3) means that,
for this particular excitation, we should include the
geometric nonlincarity and large tensile forces in
order to estimate accurately extreme tensions, For
higher frequencies and larger amplitudes of excita-

tion, the contribution to the dynamic tension from

farge tensile forces,

and the geometric nonlinearity is expected to
increase. This has serious effects on the fatigue
life of the cable, necessitating the use of the present

approach if reliable results are to be obtained.
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