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Influence of floater geometry on snap loads in
mooring systems for wave energy converters

Johannes Palm and Claes Eskilsson

Abstract—Mooring systems for floating wave energy
converters often rely on floaters to allow for minimum
restraints of the body motion in heavy. However, the
inclusion of floaters also introduce possible slack-taut
scenarios induced by the dynamic response of the floater
in relation to the fair-lead point of the mooring. This can
increase the occurrence of snap loads. The present study
outlines the work to include floaters and sinks into a high-
order discontinuous Galerkin model for mooring cable
dynamics. Numerical simulations of a mooring leg adapted
from the Waves4Power full-scale device are performed, and
the results from varying the floater geometry are analysed.
For this case the floater influence on the occurrence of snap
loads was clearly evident. There is a strong correlation
between floater pitch response and cable slack in the
upper mooring cable. For a floater with constant buoyancy,
increasing the floater height and thereby increasing the
pitch inertia of the floater is shown to decrease the range
of frequencies where cable slack occurs. It is illustrated that
for some cases, changing floater geometry can avoid slack
altogether. A careful design of the floater geometry can thus
make a large difference for the dynamic load factor of the
mooring system.

Index Terms—Mooring cables, floaters, snap load, floating
wave energy converters.

I. INTRODUCTION

OORING of wave energy converters (WECs)

is an area that has received increased interest
lately as more devices approach sea-trials in larger
scales, and subsequently also harsher weather con-
ditions. Especially concepts based on wave activated
bodies (such as floating point absorbers) put special
demands on the mooring design and functionality.

In contrast to most traditional fields of mooring
where the floating body is to be kept as stationary
as possible, the mooring system of a floating point
absorber is to allow maximum motion in the energy
extracting modes while restraining the motion in the
remaining modes [1]. An often used way to achieve
this for heaving devices is through the use of floaters. A
floater is a mooring element which provides buoyancy
to the system. The idea is to use the floater to divide
the cable into an almost vertical lower cable leg and
a near-horizontal top cable leg attached to the wave
energy converter (WEC), so that mainly horizontal
forces are applied to the WEC. An example of such
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(b)

Fig. 1. Mooring system of the Waves4Power device. (a) Schematic
layout showing the floaters and the WEC. (b) Photo from Runde full-
scale sea-trial showing the top legs of the mooring cables. From [5]

a mooring solution is the Waves4Power [2] device
deployed at Runde, Norway - see Fig. 1. The use of
floaters and sinks can be expected to increase in the
mooring systems of marine renewable devices if the
approach of inter-moored or shared mooring of wave
energy arrays becomes adopted [3], [4].

Another area that mooring of wave energy con-
verters can be expected to differ from the traditional
marine industries is the occurrence of snap loads in the
cables. A snap load typically occur when the mooring
line is re-tightened after a period of slack. The load
is essentially a discontinuous shock wave and the
amplitude can be significantly higher than the under-
lying dynamic mooring loads. For traditional offshore
structures mooring standards, e.g. DNV-OS-301 [6],
state that mooring systems should be designed to avoid
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snap loads. This seems difficult to realize for wave
energy devices. The combination of large amplitude
motion, small device displacement and limited water
depth makes it hard to design the mooring system so
that snap loads are always avoided.

A. Snap loads

As mentioned above, snap loads are tension shock
waves that propagate along the cable [7]. The most
common cause of a snap load is when a cable goes
back into tension after a period of slack. The snap load
amplitude is in this case dependent on the material
stiffness and the local strain rate of the cable at the
instant it returns to tension [8]. A second cause for
snap load generation is when the touch-down point
velocity of a chain exceeds the transverse wave speed
of the cable [9], [10]. A third cause of snapping is due to
nonlinear material stiffness, where a shock wave forms
from a smooth initial condition [11].

Snap loads in mooring cables for marine renewable
energy devices have been identified to cause damage
to the mooring systems in both tank and field tests
of WECs. Thies et al. [12] performed tank experiments
of a WEC moored with fibre-ropes and floaters. The
experiments showed the occurrence of snap loads and
in a subsequent estimation of fatigue life, the snap
loads were stated to significantly contribute to the fa-
tigue damage. Experimental tests of the Uppsala WEC
[13] showed snap loads in the taut steel-wire moor-
ing. The snapping was generated by slack conditions
caused by the translator moving down slower than the
buoy (the Uppsala WEC has a bottom-mounted linear
generator). The same behaviour was also identified in
sea-trials [13]. Hann et al. [14] performed tank tests
of a taut-moored WEC subjected to NewYear wave
groups. It was shown that a series of consecutive snap
loads were associated with the passing of the peak
wave. Harnois [15] analyzed mooring data from a slack
moored WEC deployed at the South West Mooring Test
Facility, UK. Harnois identified possible snap events
but highlights the difficulties involved in formally
categorizing a peak mooring load as a snapping event.

B. Floaters

In this work we will consistently use the term floater
to label a mooring element which: (i) has a net buoy-
ancy when submerged; and (ii) can be regarded as
a small rigid body for which the Morison equation
of motion applies [16]. Additionally, a sinker can in
this context be described as a floater with a negative
buoyancy, i.e. a clump-weight on the mooring system.
The use and effect of this type of mooring elements has
been extensively studied in the literature for oil and
gas applications, both experimentally and numerically,
e.g. [17], [18]

Focusing on wave energy applications the mooring
leg consisting of two segments with a floater has
been utilized for e.g. the Pelamis attunator [19] and
the Waves4Power point absorber [20]. Fitzgerald and
Bergdahl [21] analysed the performance of a sub-
merged buoy and a clump-weight for a moored WEC

via static and dynamic simulations, concluding that
the loads are significantly reduced from the simple
catenary chain in slack-snap conditions. However, they
also point out the weakness in sustaining a static side
load, as the studied system was very compliant and
had a low horizontal stiffness. Paredes et al. [22] com-
pared the two floater-sinker mooring configurations
with the catenary mooring chain. They showed similar
performance overall but several differences between
the response of the mooring types were highlighted.
Vicente et al. [23] investigated the influence of floater
location for a slack moored WEC. It was shown that
a floater close to the surface and horisontally close
to the anchor point yielded higher power absorption
and smaller horizontal displacement of the WEC. Or-
tiz et al. [24] developed a surrogate model in order
to optimize the mooring system for a heaving point
absorber with regard to power production. The size of
the floaters was one of the optimized parameters.

C. Paper contribution

Previous studies on mooring system with attached
floaters have optimized the floater size and location
with regard to maximising the power production [23],
[24], but there has been less focus on the possibility
of snapping events. The aim of the present paper is to
focus on the slack-snap conditions of a typical WEC
mooring systems with attached floaters. The study
presents to some details the implementation of floaters
and sinks in the the high-order discontinuous Galerkin
mooring model Moody [25], [26]. In commercial moor-
ing packages, floater elements are typically handled
via lumped parameter Morison bodies, see e.g. [27].
In this work we implement the floater as a rigid body
motion framework for submerged cylinders, where the
rotational response is shown to have a large impact
on the mooring response. The floater implementation
is then utilized in order to evaluate the influence of
floater geometry on the possibility of snapping events.
By numerical simulations of a mooring leg with dimen-
sions inspired by the Waves4Power mooring system
utilized at the Runde trials, we perform a screening
using harmonic motion of the fair-lead. The influence
of floater size, amplitude and frequency of the fair-lead
motion are investigated.

II. GOVERNING EQUATIONS
D. Cable dynamics

For a cable of length L, we use the unstretched cable
coordinate s € [0, L] to express the global coordinate
position vector of the cable as 7= [ri(s),r2(s), rg(s)]T.
Under the assumption of negligible bending stiffness,
the equation of motion becomes

9?7 0 A -
70@=$(Tt)+f, 1)
. orloF|
t= 95|38 )

where 7o is the cable mass per unit length, T is
the cable tension force magnitude, ¢ is the tangential
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unit vector of the cable. The variable f represents all
external forces made up of (i) added mass and Froude-
Krylov forces, (ii) net force of gravity and buoyancy,
(iii) contact forces, typically from sea-floor interaction
and (iv) drag forces (see [25] for details).

E. Floater dynamics

Floaters and sinkers are common mooring compo-
nents in offshore engineering. They are used to intro-
duce a hydrodynamic spring stiffness to the mooring
system. As such they are commonly designed to be
submerged at all times to avoid the structural forces in
the splash zone, and they are typically small in relation
to changes in the fluid velocity due to wave motion or
ocean currents.

The equation of motion of a submerged rigid body
(floater/sinker) connected to N cables reads

N
d o ap ap = .
E(Mfu):Fg—l—Fg-ﬁ-F({-i-ZFm 3)

i=0

where M/ is the 6x6 mass matrix, @* = [¢T&T] is

the 6-degrees of freedom velocity vector representing
linear (v) and rotational & velocity. Further, ﬁa{c are the
added mass forces, ﬁg are the buoyancy forces and
F are the drag forces. We now introduce the body-
fixed Lagrangian coordinate system Z = (i, 7 I%), and
let b = [bg by by bs) be the quaternion relating 7 to the
inertial frame (X) orientation. Then the rotation matrix
R is the transform of vector components from X" to Z,
and it is expressed from b as

oy + B11 Bia+ Bos DBiz — Bo2
R=| Bau—Bozs op+DBa Bos+Boi |[. (4)
B31 +Boz B3z —Bor  op + B33

in which B = 2 (5@5), and o, = b2 — b2 — b3 — b2.
The position of the center of gravity Oy and the

quaternion of rotations b are updated from the linear
velocity ¥ and the angular velocity & as

=R"7, )

B by —bi —by —bs
O 1| b by —by by [

ot

ot 2| b bs bp —bi
bs —ba b1 b

Please note that Oy is the position expressed in the
inertial frame X, while all other state vectors are in the
7 frame of reference. Expressing (3) in Z and separating
the translational and rotational modes of motion results
in

v N
ma . W X mv o f F—;f F;f F—;
0 | T 7| axie | T TE T d+Z
I— =0
ot
7)
= _ | (m—=Vp)Rg
b — ¥’ — ) (8)
—0OB x VpiRg
_ RT:
Fi = - j — 5 9

where m is the floater mass, I is the inertia matrix
of the floater (3x3), V is the volume of the floater
and OB and 07\/[,» are the vectors from the centre of
mass to the centre of buoyancy and to the attachment
point of mooring cable i respectively. The expressions
for added mass and drag damping are a bit more
complicated. The following expressions are derived for
a cylindrical floater, with Lagrangian frame Z located
in the geometrical center and k along the symmetry
axis. Assuming that the size of the body is small
in comparison with changes in the surrounding flow
field, we set U = o and 9¥;/0t = do to be constant
over the entire body domain, evaluated at the origin of
T. Then for added mass Fz , we can compute the forces
as

@o1 (14 Cw1) — Cann?1
2 2 .
(1 -+ hCM22 aop — ECMQU]%
h*
12

Fl =V (10)
Cvid 1
0

Here the index L denotes vector projection onto the
i, 7 plane and & is the cylinder height. Coefficients Cy;
and Cyi2 are the in-plane and out of plane added mass
coefficients of a circle respectively. The factor h?/12
comes from pre-integrating the moment equation for
each cross-section along the cylinder. In the case of
drag forces however, their quadratic nature makes the
pre-integrated expressions exceedingly complex and a
simple quadrature routine will perform equally well.
So, we leave the expression in integral form as

CouD ['17, /5 - 0% dr
(CDQWTDz + CD3Dh)

2| oD M5, /T (kxat)ar |
CD3DhDT2 ‘wk‘ w,;

* *
vE vk
k| k

(11)

where Cp1, and Cpy are the in-plane and out of plane
drag coefficients of a circle respectively, and Cps is the
shear coefficient of tangential drag. D is the cylinder
diameter and 7* = To — ¥ — & x rk.

III. NUMERICAL MODEL

The numerical model used in this paper is the high-
order discontinuous Galerkin (DG) model, denoted
Moody. For completeness the numerical techniques are
briefly outlined below, for details see [25], [26], [28].
Moody has been coupled to the CFD code OpenFOAM
[29], [30] and to the linear code WEC-Sim [31], [32],
enabling coupled mooring dynamics via the motion
and the tension force at the fair-lead point of the
mooring. In this study, however, Moody will be run as
stand-alone module using circular motion of the fair-
lead point with varying amplitude a,, and period time
T,.

F. Discontinuous Galerkin method

Moody solves (1) using an hp-adaptive discontin-
uous Galerkin (DG) method, where h denotes the
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Fig. 2. Layout of the mooring system at equilibrium, showing the
location of points A, B, C and F in the mooring leg.

mesh size and p the polynomial order within each
element. The hallmark of the DG methods is that the
solutions are discontinuous across element boundaries
and the elements are coupled together by numerical
fluxes as in the finite volume method. This makes the
DG method locally conservative and a good candidate
for problems involving shocks, such as snap loads. In
Moody the basis functions are made up of Legendre
polynomials and the local Lax-Friedrich flux is used as
numerical flux. For smooth solutions, Moody exhibits
convergence rates of (p + 1/2) [25]. This allows high-
resolution solutions using few degrees-of-freedom. So-
lutions of shock waves can be made monotone by
locally lowering the polynomial order to linear and
apply standard slope limiters. In this work, we focus
on snap load identification rather than quantification,
which is why a constant p = 4 mesh order was
used throughout the simulation campaign. The model
advances in time using the explicit third-order strong-
stability-preserving Runge-Kutta scheme.

G. Floater and sinker discretization

The discontinuous nature of the finite element space
makes the coupling to submerged rigid bodies easily
achieved. All cable ends connected to a rigid body
are treated as Dirichlet boundary conditions, where
the boundary condition values of velocity are taken
from the point velocity of the rigid body. At the same
time, the rigid body dynamics model collect the tension
forces and moments from all connected cables, and use
them to compute the effective total force and moment.

The equations of motion for the floater have been
presented in Section II-E. The state vector of the rigid
floater /sinker is described by 13 degrees of freedom,

01" = [OE, BT, ﬁT}T , (12)

where Oy is the floater position (centre of gravity)
in the inertial frame and the other vectors are in
the Lagrangian body frame Z. In the implementation
of (3) we assume that the body is submerged at all
times, which enables a constant and diagonal mass
matrix describing inertial effects of the body and the
surrounding fluid as

TABLE I
CHARACTERISTICS OF THE POLYESTER ROPE USED IN THE
SIMULATIONS.
Symbol  Unit Value Description

Yo kg/m 49 Mass per meter

Pe kg/m3 1362 Material density

de m 0.08 Diameter for drag force
CMn - 1.0 Added mass coefficient
Cpy - 0.1 Tangential drag coeff.
Cbn - 1.0 Normal drag coeff.

T (e) N S c!ei Strain-force relation?

2 The coefficients of the strain-force relation are C’em =
[5.8238,66.701,1006.6,1294.2,13367] MN, fori =1 to i = 5
respectively.

m ~+ VpeCha
m ~+ VprCni
' ; -+ 2V psCriz
diag (Me) = e g , (13)

7 rCM1
I; + apCin

I

with a;, = h?/12, derived from (10). The constant
inverse of M/ is then trivially computed. The inte-
grals in (11) are integrated using a 7 point Gauss-
Lobatto-Legendre quadrature, see e.g. [33], on a 5%
order Legendre polynomial. Forces and moments from
each mooring cable are computed in Z based on the
attachment point location OM;, see (9). The position
and velocity of point M; in X are then

M = Oy + RTOMM;, (14)
M) .
ath — RT (mw x OMZ-) : (15)

which are used as boundary conditions for any cable
connected to attachment point M;.

IV. TEST CASE

We consider the typical setup of a mooring system
using polyester rope mooring lines in a moderate water
depth of 90 m. The mooring leg consists of one floater
and two ropes of polyester type (see Table III-G for
material data). As is depicted in Fig. 2, Line 1 (L) ex-
tends from the anchor point A to the floater connection
point B, and Line 2 (L) connects point B to the fair-
lead point C. Point F represents the centre of gravity
(cog) of the floater. The mooring force at point A is
taken from the end-point (s = 0) of Line 1, and the
force at point B is sampled at s = 0 of Line 2, i.e. in
the top mooring line. The force at point C is sampled
at s = L of Line 2, being the fair-lead position.

To highlight the importance of the dynamic effects
of the floater on the resulting mooring tension, we
will look at the mooring response using periods T, €
[1, 10] s and amplitudes a,, = 0.5m and a,, = 1 m,
representing a prescribed sinusoidal fair-lead motion.
The lines L; and L, were discretised in Moody using
5 and 10 elements respectively. A polynomial order 4
was used and a CFL-condition of 0.9 was applied to
control time step size.
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Fig. 3. Two-dimensional view of the floater dimensions. Solid lines
are actual cross section, dashed lines represent equivalent cylinder.
See Table II for details.

H. Floater characteristics

The baseline floater design is the one used in the
work of Yang and co-workers [20], [34], [35]. The floater
geometry was in those studies in the generic form
of a cylinder with a diameter of 2.1 m with cones
mounted on each lid. Based on that geometry a series
of four cylindrical floaters are generated. The cylinders
have varying slenderness but constant volume. Fig. 3
illustrates the different geometries investigated in this
study while the data for the floaters are found in
table II. We will refer to the cylinder with D = 2.1m as
the baseline floater (Dy). The different floater geome-
tries are for each floater computed from the diameter,
D, and the constant volume Vj, as

Vo —2Ve
htot - m + 2kD, (16)
Vo
et = 0.25n D2 47
V. = 0.257D?*kD, (18)
2B = —0.5h¢0t (19)

where hyo is the height of the floater with the cones,
heg is the height of the equivalent cylinder, zg is the
coordinate of the mooring attachment to the cylinder,
V. is the volume of the cone and k = (0.937/2.1) is the
cone slope, which is also assumed constant over the
different floater diameters. Please note that the moor-
ing attachment of the baseline test is zg = —1.837m
compared with the original value of zg = —1.8 m pre-
sented in [34]. This is a consequence of the conical lid
assumption. From the perspective of this generic study,
the difference is acceptable. Further, note that the cog
(point F) will be translated in the vertical direction at
the initial position, but due to the preserved buoyancy
the moorings and point B will remain at the same initial
equilibrium location as shown in Fig. 2 for all floater
variations.

V. RESULTS

The results are divided into two parts. First we
analyse the physical dependence on floater dynamics.

TABLE II
DATA FOR THE FOUR FLOATER GEOMETRIES. Dy DENOTES THE
BASELINE FLOATER.

Symbol DO D1 D2 D3

D (m) 2.1 1.8 14 12
heg (M) 25696  3.4975 57815  10.2783
zB (m) -1.8373  -2.2842  -3.3072 -5.4515
Ize (kgm?) 22207 3220.58  7551.1 13592
L. (kgm2?) 15986 11745 7105 5220

We then continue with the difference between floater
designs in a second part.

L. Baseline floater

Fig. 4 shows the results of a (amplitude, period)=
(aw, Twy) = (1m, 5s) test case for the last 20 s of
simulation. This represents the idealised motion of the
fair-lead given by a regular wave with wavelength (\)
40 m of 5% steepness (2a/)). From Fig. 4 (a) and (c) we
note some features of the dynamic mooring response:

o The minimum tension goes to zero in L, which in-
dicates risk of slack-snap behaviour. On the other
hand, the snap loads generated by the re-entry
into the taught regime are very small. This can
be deduced from the minor differences between
point B and C forces in Fig. 4a. The tension force
is in this case more or less homogeneous along
the cable. Therefore the mooring forces at the fair-
lead are still clearly dominated by the first order
frequency response.

o The lower cable is (as expected) always under
tension. However, its force response has a much
stronger coupling to the floater motion shown in
Fig. 4c, with a clear higher frequency response.

« Point F on the floater only shows first order re-
sponse. The excitation of the pendulum system
of the floater (suspended from point B) clearly
also triggers an overtone in pitch response, which
primarily affects the horizontal motion of point B.
However, due to the geometric constraints of the
mooring, the connection with L, also triggers a
vertical oscillation in the higher frequency.

Looking at a more severe case of (a,, = 1m, T, = 4s),
which represents the idealised response of a wave with
8 % steepness, the tension force of L; goes into a bi-
harmonic state where the second harmonic is extremely
clear in the response. Now, also the snap loads on L,
are more clearly seen, where the return frequency of
the snap load is observed in the high-frequency peaks
at point B and C. This claim is further supported by
observing the time offset between the red and the blue
curves of Fig. 4b. Worth to note is that although the
higher-order content of the floater motion is clearly
higher in Fig. 4d than in Fig. 4c, the surge motion of
the center of gravity is still fairly smooth due to its
large inertial properties.

In Figs. 5a and 5b we consider the response over
a wider range of frequencies. The amplitude is here
smaller with a,, = 0.5 m excitation, and we can

1375-5



PALM AND ESKILSSON: INFLUENCE OF FLOATER GEOMETRY ON SNAP LOADS IN MOORING SYSTEMS FOR WAVE ENERGY CONVERTERS

T —=Ta—Ts—Tcf T

100 -

80 -

\ J/\ u//\ JA
0 82 84 86 88 9 92 94 96

60

Tension (kN)

40

20

T|—Ta—Ts—Tc[ T

Tension (kN)

% 0
(@) aw = 1m, T, = 55, Tension

T
—m; P

Displacement (m)

90 92 94

(¢) aw = 1m, T, = 5s, Motion

88 90 92

(b) aw = 1m,T,, = 4s, Tension

94

Displacement (m)

90 92 94
(d) aw = 1m, T, = 4s, Motion

Fig. 4. Mooring response for test case a,, = 1m at T, = 55 (a),(c) and To, = 4s (b),(d) respectively. (a),(b) Tension at points A, B and C (see
Fig. 2). (c),(d): Displacements of points B and F, including floater pitch angle

more clearly see the connection between frequencies
amplifying the dynamic tension (represented by the
minimum, 7, and maximum 77 tension) and the
motion response of the floater.

J. Impact of floater design

Results from the four different floaters geometries
are presented in Fig. 5 for excitation amplitude a,, =
0.5m. All floaters exhibit a region of resonance where
the floater surge motion is more amplified. The main
differences in floater design are related to that for a
decreasing diameter, both the moment of inertia I,
and the distance zp from floater centre to attachment
point B increase, see Table II. This is confirmed by
the decreasing pitch response with increasing floater
diameter, see Fig. 5. The largest difference in system
response is changing from D; to D; where the slack
region is avoided completely for D, and Ds, hence
more effectively avoiding many of the dangers of slack-
snapping mooring response.

In the baseline (Do) case, depicted in Fig. 5b, the
surge peak is at T, = 6 s with a value three times
higher than the excitation amplitude. However, the
maximum tension force in Line 2 is in Fig. 5a found
at T, = 5.5s. This trend is evident throughout the
floater diameters. The surge amplitude of the floater
peaks at a lower frequency than the force response in
Line 2. Instead, the trends in the motion spectrum of
floater pitch response matches very well with the fair-
lead tension force (at point C) for all floater designs
studied, especially regarding the resonance peak.

The results presented in Fig. 5 also show that the
response in Line 1 is more clearly coupled to the floater
motion, albeit it does not become slack in any scenario
tested here. The maximum force at the anchor 7'} has
additional peaks at T\, = 4s, and at T,, = 2s. These
peaks can also be found in the motion spectra of heave
and pitch in the right column of Fig. 5. With increasing
floater diameter, the peaks are abated and are of minor
importance for the behaviour in Dy and Ds.

Fig. 6 provides a deeper insight into the floater
geometry difference at 7, = 4 s and compares the
forces and floater response at amplitudes a,, = 0.5 m
and a,, = 1 m for the T, = 4 s load case. There are
substantial differences. First, the peak force amplitudes
are substantially higher in Dy compared with D,. In
Line 2, this is attributed to the slack-snap behaviour
seen in Dy but avoided in D,. In Line 1 however,
we can clearly see a much larger second harmonic
response in D than in Dy, which is connected to
the difference in the rotational mode response of the
floaters. This is further supported by the differences in
motion of point B in Figs. 6b and 6d.

VI. DISCUSSION

The results have shown a distinct connection be-
tween mooring force response and the dynamic proper-
ties of the floater. Consequently, the results are sensitive
to the magnitudes of the inertia, added mass and
the viscous damping properties of the floaters. We
used values from the literature for the sectional drag
and added mass coefficients, and neglected end-point
effects in the calculation of the global floater coefficient.
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Also, the moment of inertia of the stretched floaters
was calculated from the baseline value under the
assumption of a uniform density. Arguably we have
some uncertainty in the absolute values of the results,
and the actual thresholds of slack/snap behaviour or
maximum forces should therefore be viewed as indica-
tive. A more elaborate sensitivity analysis of the system
parameters is judged to be out of scope of this paper.
Although this is a limitation of the current work, the re-
sults show coherent trends between floater rotation and
mooring response that are important to understand
when designing mooring legs with floaters. We further
argue that the proposed method is a step towards a
more complete analysis, as the rotational dynamics the
floater are either neglected [18] or linearised [17], [27]
in well-adopted approaches.

VII. CONCLUSION

We have presented a numerical study on the impor-
tance of floater dynamics for mooring system response.
We have provided an extensive analysis of a common
mooring leg consisting of two lines and an interme-
diate floater, with varying floater geometry (keeping
the net buoyancy constant). Tension forces and floater
displacement have been presented based on circular
excitation of the fair-lead point.

Under the assumptions of the method and with some
uncertainty in the hydrodynamic coefficients of the
floaters, the results show that the dynamic properties
of the floater can have a substantial impact on the

mooring design, in particular when it comes to avoid-
ing slack-snap behaviour. For the cases shown in this
paper, a floater with a higher moment of inertia is
preferable over one with a more high-frequent pitch
response. Therefore, making the baseline cylindrical
floater of D = 2.1 m diameter longer and thinner,
significantly reduced the region of slack for the upper
cable (Line 2), see Fig. 6. For an excitation amplitude
of a, = 0.5m, the Dy = 1.4 m diameter floater was
enough to avoid any slack in the system over the
frequencies studied, see Fig. 5. The mooring force re-
sponse resonance period coincides with the maximum
pitch response, and occurs at a higher frequency than
the maximum surge amplification of the floater. Fur-
ther studies using experimental data or CFD analysis
to quantify the hydrodynamic properties of the floaters
in greater detail would be very beneficial for the
continued development of this topic. This would also
enable a validation suite for numerical tools simulating
this type of mooring leg, designed for large amplitude
motion.

We recommend that more studies focusing on the in-
tricate dynamic interaction between floater and moor-
ing cables are made, and emphasize that the rotational
modes of motion should be considered in optimal
floater selection, where traditionally only net buoyancy
and mass have been taken into account.

ACKNOWLEDGEMENT

The authors want to thank Dr. Shun Han Yang at
Chalmers University of Technology for providing the

1375-8



PALM AND ESKILSSON: INFLUENCE OF FLOATER GEOMETRY ON SNAP LOADS IN MOORING SYSTEMS FOR WAVE ENERGY CONVERTERS

information about the baseline mooring design.
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