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Background

• Observed large pitch and 
roll motions on (some) new 
6. generation drilling rigs

• Natural pitch and roll 
periods significantly longer 
than for previous 
generation semis

• Resonance between hull 
and mooring in shallow 
waters

• Thrusters may amplify 
natural pitching and rolling

• Can problems be mitigated 
by using the thrusters? 

• Is pitch and roll rate 
feedback control feasible?

Presenter
Presentation Notes
Physical size, rotational inertia, small-waterplane-area, low metacentric height (measurement for stability), hydrostatic stability
Mooring can cause surge & sway movements, coupling surge-pitch and sway-roll, indirect mooring will also cause roll & pitch 
If DP control loop is to “tight”, the DP excitations can “hit” the resonance area
Result is more pitch & roll than expected , less comfort onboard and reduced (maybe even no) margins for drilling equipment relative to moonpool 
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Recorded pitch motion
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Presenter
Presentation Notes
Pitch measured by MRU
Pitch rate derived through ideal mathematics, not Real Time
LF pitch rate derived through ideal mathematics, not Real Time
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Recorded pitch motion
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Pitch rate control

• Observations:
• Wave period ≈ 10 sec
• Natural oscillation period ≈ 50 sec
• Wave motion dominant

• Pitch rate signal can not be used 
for control directly

• Need to filter out wave frequency 
components

• Dual oscillator filter
• Natural oscillation period
• Wave period
• Adaptive to changing wave 

characteristics

Pitch rate
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Adaptive wave filtering
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Presenter
Presentation Notes
As documented in the paper presented the wave frequency robustness is very high
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Vessel dynamics

• Pitch – surge motions are dynamically coupled

where
u surge velocity
q pitch rate
θ pitch angle
m inertia parameters
d damping parameters
τ Thrust

ax

x

rgqdqmum
udqmum

τθ
τ

=+++
=++

55555551

111511





Hydro dynamical coupling

Mechanical coupling

Presenter
Presentation Notes
Geometrical coupling , thruster arms relative to roll/pitch centre
Vessels with small waterplane area
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Vessel Standard DP 
Kalman filter
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Control
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Residual force

Thruster commands

Control

Thrust command x̂

b̂
û
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Vessel

Standard DP 
Kalman filter

Wave frequency 
pitch & roll rate 

filter
Pitch, roll rate

Control

Low frequency pitch, roll rate

Thruster commands

Control

Thrust command

q̂ Low frequency pitch rate
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Simulation example

• Vessel and DP system is simulated

where    is a disturbance
• slowly varying random value
• pulse 50 tonnes for 100 sec
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Normal DP control
- Almost persistent pitching
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DP with pitch rate feedback
- Well damped pitching
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Thruster command details

• Pitch rate control does not require significant additional 
thrust
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Conclusions

• The overall pitching and rolling can be reduced
• A significant damping of the low frequency pitch and roll 

motions may be expected
• For sudden external excitation the pitch rate control can 

not significantly improve the immediate transient 
pitching but will dampen the effect over time

• No improvements can be expected for the wave 
frequency components
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Thank you for your attention

Questions?

www.kongsberg.com
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