Low noise transformation of acceleration over long
lever arms on large vessels

: : _ KONGSBERG
by Arne Rinnan, Chief Technology Officer, Kongsberg Seatex AS

WORLD CLASS — through people, technology and dedication

Return to Session Directory



http://www.kongsberg.com/�
owner
Text Box
Return to Session Directory


Outline ﬁ

KONGSBERG

e Introduction

e Traditional transformation algorithms
e The M-Trans™ algorithm

e Verification of the M-Trans™ algorithm
e Applications

e Summary

/727 17-Oct-10



Introduction i ]
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e Environmental conditions are available from e.g. oceanographic

buoys, wave radars or meteorological forecasts

e Vessel motion response is not easily and accurately deducted

from environmental data

e Acceleration (force) in different vessel points will not necessarily

be the same

e Measuring actual acceleration in different motion monitoring
points will be more accurate than deducting criteria from

environmental conditions

F=m Xa
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Sensor Points and Motion Monitoring Points
e Many possible motion monitoring points onboard a vessel
e |t is not always feasible to instrument all these points with

motion sensors

e Transforming motion from sensor points to monitoring points

without introducing noise is not trivial
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BOA Deep C — Motion Monitoring Points
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Example of Operational Constraints ﬁ
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Overall operational constraints are often combinations of motion
constraints and associated environmental criteria

Cond. Operation Acceleration limits (Moonpool Centre) Environmental criteria
No. 3 hour duration
Heave Sway Surge Significant Wave
(m/s?) (m/s?) (m/s?) wave height period
(m) (s)
1 Well intervention 0,88 0,39 0,98 4,0 12,0
operation
2 Module 0,69 0,29 0,69 3,0 9,7
deployment
3 Horizontal 1,18 0,49 1,18 5,0 11,0
skidding of
modules
4 Subsea support 0,88 0,39 0,91 4,0 12,0
and construction
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Traditional Transformation Algorithm %
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1. Relative offset coordinates (TipX, TipY, TipZ) from the MRU
location to motion monitoring points

2. Roll angle, angular velocity and angular acceleration.
Pitch angle, angular velocity and angular acceleration

4. Heave motion in the MRU location (position, velocity and
acceleration)

w

TipY | TipX

TipZ.

L ood
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Traditional Transformation Algorithm %
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Angular acceleration is normally achieved by deriving angular rate which
induces noise to the transformed acceleration

Transformation algorithm Result
TipPos =  Heave - cos(Roll)*sin(Pitch)*TipX + sin(Roll)*TipY Okay to
- (1 - cos(Roll)*cos(Pitch))*TipZ calculate
TipVel = HVel + RoVel*(sin(Roll)*sin(Pitch)*TipX + cos(Roll)*TipY Okay to
- sin(Roll)*cos(Pitch)*TipZ) - PiVel*(cos(Roll)*cos(Pitch)*TipX calculate
+ cos(Roll)*sin(Pitch)*TipZ)
TipAcc =  HAcc + RoVel*RoVel*(cos(Roll)*sin(Pitch)*TipX -sin(Roll)*TipY Problematic
- cos(Roll)*cos(Pitch)*TipZ) + PiVel*RoVel*(2*sin(Roll)*cos(Pitch)*TipX due to
+ 2*sin(Roll)*sin(Pitch)*TipZ) + PiVel*PiVel*(cos(Roll)*sin(Pitch)*TipX inaccuracy
- cos(Roll)*cos(Pitch)*TipZ) + RoAcc*(sin(Roll)*sin(Pitch)*TipX in roll and
+ cos(Roll)*TipY - sin(Roll)*cos(Pitch)*TipZ) pitch

- PiAcc*(cos(Roll)*cos(Pitch)*TipX + cos(Roll)*sin(Pitch)*TipZ) angular

acceleration
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MRU Data in Mounting Location

Noise In heave
acceleration is driven
by noise in roll
acceleration

The heave acceleration
for this dataset has a
noise level of approx.
0.03 m/s=4.

In the table shown
earlier the lowest heave
acceleration limit is
0.69 m/s?2 which
exceeds the
measurement noise
with a factor > 20
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Traditional Transformation Over 10 Meters

e 10 meters is not a
long distance
onboard a large
vessel

e Min — max heave
acceleration limits
span between 0,69
m/s2 and 1,18 m/s?
in this example
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Cond. Operation Acceleration limits (Moonpool Centre) Environmental criteria
No. 3 hour duration
Heave Sway Surge Significant Wave
(m/s?) (m/s?) (m/s?) wave height period
(m) (s)
1 Well intervention 0,88 0,39 0,98 4,0 12,0
operation
2 Module 0,69 0,29 0,69 3,0 9,7
deployment
3 Horizontal 1,18 0,49 1,18 5,0 11,0
skidding of
modules
4 Subsea support 0,88 0,39 0,91 4,0 12,0
and construction




Traditional Transformation Over 10 Meters %
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e Heave acceleration noise of 0.5

0,25 m/s? is hiding the real

(
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e Heave acceleration limits of Time [s]
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e The noise level will increase

linearly with increased

transformation distance
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Noise increased from 0,03 m/s? to 0,25 m/sz
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Alternative Methods to Avoid Transformation Noise %
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e Filter angular acceleration prior to the transformation: the signal will
be delayed and do not correspond with the other measurements in

the dataset which introduces inaccuracy

e Mount a network of accelerometers onboard the vessel, like two
accelerometer transversal and two longitudinal, and determine an
angular acceleration signal. Works fine if you have control of the
timing from all the sensors, but makes a costly installation and

Increases maintenance cost

e Use an angular acceleration sensor. Unfortunately, only a few
manufactures exist and the quality of the measurements is not of

the preferred accuracy

e Use MRU data and the M-Trans™ algorithm...
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The M-Trans™ Algorithm %
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The M-Trans™ algorithm is a vessel state estimator that
calculates angular acceleration values by a predictive filter

Advantages:

e No significant delay compared to original MRU measurements

e Works with a standard MRU installation

e No additional angular acceleration sensors needed
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The M-Trans™ Algorithm Verification

Two MRUSs are used to
verify the M-Trans™
algorithm

Surge, sway and heave
measurements are
transformed from the
MRU at the helideck to
the moonpool location
where the other MRU is
mounted and vice versa

Comparing measured
versus transformed data
at the two locations
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Traditional Transformation of Heave Acceleration
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M-Trans™ in VMM 200 i
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e M-Trans™ is developed for a solution for monitoring the motion in
different point on the vessel simultaneously and give warnings/
alarms when pre-defined criteria are excited.
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Typical Applications &
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e Prevent skidding of modules

on the cargo deck
e Offshore crane lifts

e Launch and Recovery of
ROV’s and MOB boats

e HSE aspect related to sending

people out on deck or up in

www.dof.no

the mast
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Summary ﬁ
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e The M-Trans™ algorithm has demonstrated a good match of
transferred heave acceleration with the real motion for the same

location up to 30 meters away for the motion sensor location

e Due to the fact that a ship is not 100% stiff, there will be

limitations on how far away a measurement can be transferred

e With acceleration measurements available through proper
motion transformation, both the environmental data (wave
height and period) and the direct measurements of the vessel

motion can be used to ensure safe and efficient operations.
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