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A Research on Dynamic Tension Response of Model Mooring Chain by
Forced Oscillation Test
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ABSTRACT: A series of forced oscillation test on model mooring chain was carried out to investigate dynamic tension characteristics. The
model test was conducted at two different water depth to gather basic data for ‘truncated mooring test’ and ‘hybrid mooring test. The
truncated and hybrid mooring test are highly recommended to overcome the limitation of water depth in model test recently. The resultant
tension RAO gives good possibility of approximation of dynamic tension by equivalent weight adjustment for the ratio of water depth in
different water depth. Because the hybrid mooring test is the adequate combination of model test and simulation, accurate simlation model on

mooring system is essential. The simulation results show good agreement with model test results.
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Table 1 Specifications of frequency and stroke in

forced oscillation test

Nominal Real Stroke
Frequency Frequency Amplitude
(Hz) (Hz) (cm)
04 0.3891 6,4, 2.
0.5 0.5035 6, 4, 2.
0.6 0.6113 6, 4, 2
0.7 0.7133 6., 4, 2
0.8 0.7776 4, 2, 1
09 0.9506 4, 2, L
1.0 1.0700 4, 2, L

12 1.2225 2, L

weight

Fig. 1 Schematic diagram of forced oscillation

system for catenary mooring of chain
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Fig. 2 Forced oscillator

Fig. 3 2 components loadcell with a model chain
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AHAA 242 3B0m, 165mel] AP} chain®}  axial
stiffness(EA)= St52] @gkey. EFAYPMQ pretension
MBL( Maximum Break Load )¢} 10, 20, 30%E 71Fo& Al
< FY3HY

Table 2 Measured weight characteristics of a model

chain
weight in air per |weight in water per| ratio between
unit length unit length weight in air and
kg/m kg/m water
0.07466 0.06485 0.8698

Fig. 4 Photograph of model chains

2.3 Truncated Mooring Test
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Fig. 5 Photograph of the model chain in 3.5m water
depth
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Fig. 6 Result of bollard pull test for the model chain
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Fig. 7 Comparison of tension RAQs of the chain due to
horizontal forced oscillation with variation of water depth and
chain weight

Pretension 2.41kg, Vertical
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Fig. 8 Comparison of tension RAOs of the chain due to
vertical forced oscillation with variation of water depth and
chain weight
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Fig. 10 Tension RAOs of the chain at frequency 0.5Hz
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Fig. 11 Tension RAOs of the chain at frequency 0.6Hz
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Fig. 12 Tension RAOs of the chain at frequency 0.7Hz
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Fig. 13 Tension RAOs of the chain at frequency 0.8Hz
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Fig. 14 Tension RAOs of the chain at frequency 0.9Hz

amp » 0
RAO(kgt/cm)
o
®
.

°
8
1

0.04 —

Frequency = 0.9 radss,vertical
o] Depth=7.0m, Stioke=4.0 om

@  Depin-a.sm, Stoke=4.0 cm
A Depth=7.0m, Sroke=2.0 an
A Depihed 5m, Stroke=2.0 om
=} Dapih=7.0m, Stioke=1.0 om
B Depih=3.5m, Stoke=10 om

L 13

-
3

1 2
Pretonsion{kgl)

{b) Vertical

Frequenty = 1.0 rads.Verticat
Dapth=7 Om, Stroke=4 0 om

Q
Frequency = 1.0 rad/s Harizonie! ®  Dopnm3Sm. SrokestOam|  ®
O Oepthe? Om. Swrokes4.0 om A Depha7om, Swokss200m |
@  Depthe35m, SwokexdOom A Depth=35m, Stiokss2.0 om
A Depth=7.0m, Stroke20 om [  Depha70m SwokestOom|
A Depthed.Sm, Soke=20 om @ Dsph=35m, Stokes10cm
a Depthe7.0m, Sroke=1.0 cm L]
= @ Oeptha3.5m, Swoke=10cm
§ o
2 a
g .
0.2
o3
1 Iy
a
01 3
[]
o T - T — ° - T —
[ 1 . 2 3 0 1 2
Pretension(kgt) Pretension(kgf)

{(a) Horizontal

Fig. 15 Tension RAOs of the chain at frequency 1.0Hz
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formulation of mooring dynamics
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Fig. 18 Time history of horizontal forced oscillation
simulation

#473,474,475, Vertical
008 — T=2.57 sec., Stroke=0.06, 0.04, 0.02m

T T T
Z 1 Juuummulmnuz\nm%
3 AWARANANAWANANAWAWAUAAAWANA
S 16 1TAYAYAYATAYAYAYATAVAYATAYATATAY
S MMMMMMMMMMMMMM»{Q
g5 VAR L T
" L L L L A E
0 10 20 40 50

time [sec.}
Fig. 19 Time history of vertical forced oscillation
simulation
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Fig. 21 Tension variation due to vertical forced
oscillation
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