Figure 73 Upper and lower end angels (DEG) time series for case 1.2 (lower red and
upper blue) and case 2.2 (lower black and upper green)

From figure 73 it can be seen that the offset dominate the angles.

11.1.8 Load case comparison between case 1.2 and 3.2
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Figure 74 Riser upper end tension (N) and vertical displacement (M) time series for case
1.2 (displacement scaled by 107 red and tension blue) and case 3.2 (displacement
scaled by 107 black and tension green)

From figure 74 the upper end tensions difference before lock is because of the
different riser weight.



From figure 74 the lock occurs earlier in case 3.2 than in case 1.2.

From figure 74 average level of the tension did not increase but the tension fluctuate
in a very big amplitude.
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Figure 75 Riser upper end tension (N) and vertical displacement (M) with translational
displacement as x-axis for case 1.2 (displacement scaled by 107 green and tension
black) and case 3.2 (displacement scaled by 107red and tension blue)

From figure 75 it can be seen the coupling effects and hydrodynamic forces reach an
equilibrium at a shorter translational distance in case 3.2 than in case 1.2.
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Figure 76 Upper and lower end angels (DEG) with translational displacement as x-axis
for case 1.2 (lower red and upper blue) and case 3.2 (lower black and upper green)

From figure 76 it can be seen the angles are more sensitive to offset in case 3.2 than
in case 1.2.

11.1.9 Locking moment

Table 5 Locking moment
Load 11 (1.2 (21 (22 (31|32 (41 42|51 |52 6.1 |6.2
case
numbe
r
Locking |15 |[Ab |85 |Ab |10 |Ab |58 |Ab |22 [Ab |13 |Ab

momen | 3.5 | out out | 6 out out | 4 out | 8 out

t(s) 15 90 12 66 24 14
5 0 5 0

Locking | 1.5 5 14 8 21 2

time

differen

ce (S)




11.1.10 Comparisons between 1.1 and the corresponding analytical solution
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Figure 77 Sima upper and lower end angels (DEG) with translational displacement as
x-axis for case 1.1 (lower red and upper green) and the corresponding upper end (blue)
analytical angle solution
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Figure 78 Sima upper and lower end angels (DEG) with translational displacement as x-
axis for case 1.1 and the corresponding upper and lower (red) ends analytical angle
solutions

Because tension is constant in the analytical solution so uncoupled analysis is to be
compared with.



The upper end angle by analytical analysis is too small for but the upper end angle
feature which first decrease to zero then increase is captured in figure 77. When four
angles are put in one plot, the lower angle is too big that the rest angles are barely
visible in figure 78. Combing with the equations (10.2.8) and (10.2.9), the
analytical solution difference between upper and lower end is the tension. It can be
seen the importance of tension effects on the end angles.
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Figure 79 Sima upper end tension with translational displacement as x-axis for case 1.1
(blue) and the corresponding upper end analytical tension solution (red)

The analytical tension seems only comparable for small offset. For large offset the
result would be way too conservative. The reason should be that the riser setdown in
analytical solution is based on small angle hypothesis. But for large offset, the riser
stretch would be much lower than riser setdown.

The rest case comparisons are in appendix (uploaded in DAIM zip file).

11.1.11 Results discussion

After locking, tension average level depends on the offset. The larger the offset, the
larger the average tension. The tension fluctuation is caused by waves.

Lower end angle is very sensitive to the current at the upper surface.
Displacement and tension have a great influence on both end angles.

11.1.11.1  Coupling effects influence



For both coupled and uncoupled analysis, the environmental forces influence on the
tension are very small.

After locking the tension increases faster in the uncoupled analysis than coupled one.

In table 5, the locking time for coupled analysis always occurs a bit later than
uncoupled case.

Considering the translational distance where the locking occurs, the uncoupled
analysis always occurs at a shorter distance than coupled analysis. The reason is that
locking criteria for the uncoupled analysis is that locking is kept on after stroke run out.
But locking could be mainly due to the heave motion and there is still some spare
stroke during the floater move downwards.

Before locking, the coupling effects on the floater translational displacement and
velocity is very small but have a noticeable influence on the vertical motions which
increase the vertical amplitude.

11.1.11.2  Current speed influence

Current have a great influence on the floater translational displacement and velocity.
Floater in higher surface current speed moves faster and further. Therefore the locking
occurs earlier and the tension increase faster after locking. On the other hand current
influence on the floater heave motion is very limited.

Higher surface current effects on riser configuration are only obvious at the very
beginning, including lower upper end vertical position, larger end angles. Those effects
will diminish because the as floater speed increase as the relative speed between riser
and floater will decrease.

For higher surface current speed, the locking time difference between coupled and
uncoupled are smaller. This means the less translational coupling effects in higher
surface current speed.

11.1.11.3  Water depth influence

Locking occurs earlier and tension increase faster in shallower water.

Angles changes faster and more sensitive in shallower water.

Tension fluctuation amplitude depends on the water depth. Shallower water have
larger fluctuation amplitude.



11.1.11.4  Simple modelling discussion

The current analysis scope is to simulate the floater motion in the program Simo, then
the generated times series of the riser upper end is input into the program Riflex. In
Riflex a simple riser model is modelled without using pipe-in-pipe model. Then the
riser will follow the time series of the upper end till the moment stroke reaches
maximum. The corresponding modelling will be that the riser follows the horizontal
motions but the vertical motions till the stroke lock. Then riser follows the complete
motions of the floater. Thus the stroke reactivation is ignored.

As the floater motions are oscillating, tensioners may reach the lock position (piston
bottom& no stroke) firstly. Then stoke restored because of the oscillating motions in
which floater heave motions have the most significance for example if the heave
motion is at the crest by the time when tensioners lock firstly. Finally as the offset
increasing, the tensioners lock status will not change.

The riser tension difference between the pipe-in-pipe situation and simple-model
situation can be illustrated by the figure 77 below.
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Figure 80 Simple locking modeling

The difference can be figured by riser tension variation. If the tensioner is functioning
with spare stroke, the riser tension will stay almost constant varying in a smaller range.
After the first lock, the two models will increase identically with larger tension
variation until the first stroke reactivation happens. This is where the difference resides
that stroke reactivation (pipe-in-pipe model) will make riser tension restore to the
former constant state whereas lock (simple model) will increase the tension slowly
with larger variation. Then lock and stroke reactivation will alternate even several
times before the eventual lock. Thereafter, the two models will behave identically.



The detailed modelling difference can be seen as below. (The modelling below
assumes no “yaw” motions of the risers)

The pipe-in-pipe model (realistic modelling) is illustrated in the figure 78. The upper
end of the tensioner is pinned to the floater such that it will follow the floater
translational motions. The pipe-in-pipe model will be effective until the stroke lock as
phase 1.

Phase 2 is the moment just before the stroke lock. With the stroke lock and
reactivation alternating, tensioner will finally reach the phase 3 when stroke is locked
eventually.

<]

Phase 1 Phase 2 Phase 3
Figure 81 Riser realistic modelling

11.1.11.5  Further scope of study
For further improve the accuracy, some aspects can be improved regarding modelling

in the future. First the connection between tensioners and floater should be modelled,
it can smooth the sudden tension change after locking. Second the pipe-in-pipe



modelling should be adopted for tensioners as it account for the realistic mechanisms.
Thirdly to see the critical local stress that motions from the pipe-in-pipe model should
be input to Abaqus.

When Sima have some modification regarding the boundary condition change in
coupled analysis in the future, the current analysis in the thesis should result in better
comparisons.

For post processing, the thesis have used the post processing function in the Sima
which turns out to be rather efficient when processing multiple comparisons. But the
Sima post processing function is very convenient for the clarifying the relationships
and testing results for improvement. Therefore multiple data processing should be
done in Matlab in the future.

The equations and figures numbering and the corresponding references in the text
needs to be changed with the thesis processing. The field function in the text editing
software should be taken care of in the future.

The horizontal component of the riser upper end tension should be adopted as a
comparison parameter in the future. This came into notice when discussing the results
and not too much time for including this.

The sea component distribution over time seems to depend on time of analysis. The
theories regarding the sea state realization in the program and hydrodynamic forces
effects on the floater should be studied in the future.

For simple modelling in Riflex, the tensioner is omitted which is drawn in dash line to
enlighten the differences between the two modelling in figure 79.

The upper end of simple modeling is located a little below the tensioner at the upper
end of the outer barrier of the telescopic joint. This assumes that connection between
upper end the tensioner and upper end of the outer barrier is rigid. Since the distance
is not long this is a good approximation is assumed. The upper end of the out barrier
of the telescopic joint follows the motions parallel to the sea surface (x-y plane) and
the direction perpendicular to the sea surface (z direction) is assumed to be free with
constant tension.
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Figure 82 Riser simple modelling
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