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Relevant Research and Results . . Yesterday, Today, and Tomorrow

To support the
movement of
supplies (by vehicle
or crane) between
vessels, at sea, In
the Sea Base
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Evolved to....

Relevant Research and Results . . Yesterday, Today, and Tomorrow

— Original CONOPS .

Combat ready forces employed via organic LCAC

ashore via non-organic LCAC

Vehicles and equipment transferred at-sea

~25 NM Vehicles and equipment delivered /
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STLVAST Team

Relevant Research and Results . . Yesterday, Today, and Tomorrow

An ONR Science & Technology Program led by Oceaneering as
prime contractor, with a multi-national, multi-talented team:

Maprc~. > Research & Engineering Analysis

m » Test Facility, Data Analysis

VZeIkd"1 > Use and Support of Scale VSP Units
» DP Control System Consulting
GLOBAL M ONGSBERG » System Certification Advice
w;;% » Two Ship Simulations Using LAMP
NSWC CD » Technical Support
normrror crummian. 5> RD GPS
SRl Int. > Drogue Development and Testing
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DP Explained
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How Does COTS DP
Work?




Individual Waves are
Ignored

DP Explained

The ship reacts to every wave, in all 6 DOF
e Dbut the DP system does not

e reversing thrusters every 5 seconds burns fuel and
wears out equipment

 These so called ‘first order’ motions don’t displace the
vessel!

e /W/V\/W
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. Wave Groups Move
DP Explained the Vessel

The ship reacts to every wave group, in all 6 DOF
 And now the DP system goes to work

 These so called ‘second order’ motions do displace
the vessel!

e These ‘drifts’ in surge, sway and yaw are what DP Is
attempting to control
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Relevant Research and Results . . Yesterday, Today, and Tomorrow
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STLVAST DP - Challenges

Relevant Research and Results . . Yesterday, Today, and Tomorrow

Why can't we just do this with existing DP systems?
There are some things your mother never told you about DP...

1) Forward Speed (DP ship can’t |
keep up, and loses position)

2) Big Waves (forces swamp
thrusters)

3) Two Ships (diffraction effects etc,
force vessels apart/together)

4) Sensing Relative Position (faster,
more accurate)
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STLVAST DP - Forward Speed

Relevant Research and Results . . Yesterday, Today, and Tomorrow

Most containerships have no way of controlling their heading other than the rudder -
the rudder only effective when the ship is moving

Containerships are mostly equipped with low speed diesels which will not allow
them to go slower than 5 to 8 knots. So, If you are going to use the rudder to control
the heading of the containership you will need to do relative DP at 5 to 8 knots.
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STLVAST DP — Waves Between the Hulls

Relevant Research and Results . . Yesterday, Today, and Tomorrow

Relative DP at 5 to 8 knots is hard because of bank effect and diffracted
wave hydrodynamic loads, sway-yaw dynamic coupling, and diminishing
effectiveness of COTS DP thrusters.
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STLVAST DP — Sensing Relative Position

Relevant Research and Results . . Yesterday, Today, and Tomorrow

Accurate relative DP requires sensor accuracy and robustness which push the state
of the art

Fan Beam
laser




STLVAST DP-Technology Solutions

Relevant Research and Results . . Yesterday, Today, and Tomorrow

STLVAST looked at the following technologies to close the gap between COTS and required
performance, in large seas:

. CYCLOIDALS - Let the containership drive along at its 5 to 8 knot minimum speed and
use powerful non-COTS DP system actuators on the MLP to maintain position.

. Wave Drift Compensation System (WDCS or WFF) - Let the containership drive along at
its 5 to 8 knots minimum speed and use real-time wave load estimation to improve
COTS DP system performance.

. FAST - Slow the containership down while preserving heading control by towing a
drogue and make modest modifications to COTS DP control algorithms to maintain
position. The second part was demonstrated at VTAST.

. DP Pushing - Stop the containership altogether but maintain heading control by pushing
on it with the MLP.

. RD GPS - An innovative way to use GPS to improve relative position sensing.
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/| STLVAST CIP DP - VSP
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Relevant Research and Results . . Yesterday, Today, and Tomorrow

Voith Schneider Cycloidal Propellers

Cycloidal propellers have the
ability to act as high bandwidth
thrusters:

« they produce ample transverse
thrust at high speeds

« they can completely reverse
direction in 3 seconds, full scale

» additional benefit — can also be
used for motion control

Photo No.: 78108
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VSP DP at MARIN

Relevant Research and Results . . Yesterday, Today, and Tomorrow

This tank test shows the MS3 (using cycloidal props) maintaining a 25’ separation
from the LMSR while drlvmg ahead at 8 knots, in SS4

m:rli-‘lﬂ"'“ '
.umltlu‘l"ﬂ’
|r

Run 45, 8 knots, 25’ apart, SS4 bow quartering sea, Cycloidals
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2)INJPd|  STLVAST CIP DP - WDCS
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STLVAST Phase Two Cont.
Wave Loads

Relevant Research and Results . . Yesterday, Today, and Tomorrow

* First order wave loads.
* Proportional to wave amplitude
e Zero mean
» Wave incidence frequency
« Cannot be controlled by DP
systems

« Second order wave loads
* Proportional to wave amplitude
squared
* Nonzero mean = v I . . = & =
- Components below wave incidence B e
frequency S e SN B
» Can be controlled by DP systems

Key to successful wave feed forward DP is accurate estimation of low
frequency and steady second order wave loads — “wave drift”.
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WDCS, 0 Knots w. Azi Thrusters

Relevant Research and Results . . Yesterday, Today, and Tomorrow

WFF
Off

WFF
On

Comparison of tests illustrate the performance of a standard COTS approach to two ship DP

* This test shows the MS3 with 5 x 200KN Azimuthing Thrusters (app 1.5MW each) in a
bow quartering (150°) SS4, with WFF On and Off

Tank Test One Shig WFEF video
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WDCS Single Ship Results

SINGLE SHIP, 4 KMOTS

SWWAY ERROR [m]

A
320 340 360 330 400 420
TIME [=ec]

Single Ship SS4 test results show radical watch circle
improvement in all conditions with Wave Drift

Compensation System

Single Ship, 4 knots, SS4, 150 wave direction
[
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ZINFR| wocs, 4 knots w. Azi Thrusters

Relevant Research and Results . . Yesterday, Today, and Tomorrow

WFF
On

Comparison of tests illustrate the performance of a standard COTS approach to two ship DP

« This test shows the MS3 with 5 x 200KN Azimuthing Thrusters (app 1.5MW each)
holding station alongside the LMSR which is sailing at 4 knots, in a bow quartering
(150°) SS4

« The MS3 attempts to maintain a 30m skin-to skin, parallel, separation

Tank Test Two Shig WEE video
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I Wave Drift Compensation works, but...

Relevant Research and Results . . Yesterday, Today, and Tomorrow
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Comparison of Single Ship and Two Ships Results
On the Left, single ship Sway performance radically improved!

On the Right, two ship tracking performance only improved at a few headings
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STLVAST CIP DP - FAST

Relevant Research and Results . . Yesterday, Today, and Tomorrow
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Full Scale At Sea Trial

Relevant Research and Results . . Yesterday, Today, and Tomorrow

Centerlne of
LMER Side Part

LMSR Soderman (lower vessel) and Mighty Servant 3 in STLVAST configuration
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VTAST FENDER EFFORT

Relevant Research and Results . . Yesterday, Today, and Tomorrow

VTAST Fender Modifications and Instrumentation

* 30T load cell

= Pressure Sensor
" (piped to fender
| fill port)

e 4.5mx 9m
Yokohama fender

High Strength Tow
Ring (Oll Design)

i

80T load cell
b

P
N

Load tested to 55t and 44t, ABS witnessed
Design to delivery in 4 weeks
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Full Scale At Sea Trial

Relevant Research and Results . . Yesterday, Today, and Tomorrow

P
b
' )

!

Helo video from At-Sea Test (STLVAST ONR brief 04212010 PowerPoint_Lg.wmv)
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Relevant Research and Results . . Yesterday, Today, and Tomorrow

Sea Trial SS3 — 0 Knots

Lateral and Longitudinal offset combined to form a “Watch Circle”
Green Circle is 2.5m operational limit

VTAST 14 February 2010 - 0 knots
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Sea Trial Data:

* 1.5 hour test

* 15.5 MT max fender load
« 33 MT operational

max

* 12% max compression
» 12% operational max
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Relevant Research and Results . . Yesterday, Today, and Tomorrow

Sea Trial SS3 — 3 Knots

Lateral and Longitudinal offset combined to form a “Watch Circle”
Green Circle is 2.5m operational limit

VTAST 14 February 2010 - 3 knots
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Sea Trial Data:

e 2.25 hour test

» 23.5 MT max fender load
« 33 MT operational

max

» 13% max compression
» 12% operational max
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)| STLVAST FAST - DROGUE
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MARIN VIDEO CONOPS
STERN DROGUE

Www.oceaneering.CcQm, ,
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MARIN Drogue CONOPS video
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Relevant Research and Results . . Yesterday, Today, and Tomorrow

STLVAST CIP DP — DP Pushing
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@NR| MARIN VIDEO CONOPS
o o ) DP Pushing

MARIN DP Pushing CONOPS video
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CONCLUSION

Relevant Research and Results . . Yesterday, Today, and Tomorrow

STLVAST technology developments are available for commercial use:

. CYCLOIDALS - Let the containership drive along at its 5 to 8 knot minimum speed and
use powerful non-COTS DP system actuators on the MLP to maintain position.

. WDCS - Let the containership drive along at its 5 to 8 knots minimum speed and use
real-time wave load estimation to improve COTS DP system performance.

. FAST - Slow the containership down while preserving heading control by towing a
drogue and make modest modifications to COTS DP control algorithms to maintain
position. The second part was demonstrated at VTAST.

. DP Pushing - Stop the containership altogether but maintain heading control by pushing
on it with the MLP.

. RD GPS - An innovative way to use GPS to improve relative position sensing.
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