Dynamic

Positioning
" ) Committee

Marine Technology Society

Thrusters

Use of Main Drive Waterjets
as Azimuth Thrusters

Dick Borrett
Andy Birkinshaw

CWF Hamilton

October 9-10, 2007

Return to Session Directory.



Use of I\/Ialn Stive Waterjets
8 Azimuth Thrusters

Dick Borrett and
Andrew Birkinshaw

“HamiltenJe et
Chry stchurcj_j

e l

» { :
- '-I;____:-::.;;._ B l 9
: e {é R

#
S ————_—




@Verview

« Waterjet Basic Principles

 Advantages of Waterjet Propulsion In
Crew Boats

 Thrust characteristics for Transit and
Dynamic Positioning

 How Thrust is Controlled
e Control System and DP interface
e Transverse Thrust Methods.



WateretBasics

Cutlass bearing T Cutwater

« A waterjetis a pump
e Thrust is created by a reaction force

e Thrust controlled by:
— engine RPM
— steering deflector (nozzle) and reverse duct positions.
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Waterer CrewrBioats

Length Overall 53.8m 177 ft
Length BP 48.01m 157.5 ft
Beam 9.14m 30.0 ft
Depth 4.11m 13.5 ft
Light 205 MT 202 LT
Displacement

Loaded sosmt ([ 500LT )
Displacement

Main Engines 4 x Cummins KTA50 M2 Diesels

Power 4 x 1800 BHP @ 1900 RPM

Waterjets ( 4 x Hamilton HM811

Bow Thrusters Tunnel (docking only)
1 rop-down azimuth

Speed at 450 LT 4 18.5 knots

Speed at 210 LT \{31\knots/ ]

Jet Max. Cruise Max. DP Max. DP
Model Power Power Thrust
(sHP) (sHP) (tons)
HM571 1877 664 35
HM651 2414 837 4.5
HM721 2950 1060 5.6
e — —
HM811 ( 3755 1340 7.1
v
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VWateretrAdvantages i Crew Beats

* Higher transit speeds at light loads
e High bollard pull
 Fast and accurate thrust control
e ‘Azimuth thruster' characteristics
e Shallow draft
 Reduced underwater damage
 NoO engine overload

 Gearbox always engaged
e Simple installation and interfacing.
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WateretlransitPerdormance

Fixed Pitch Props

 Prop RPM and
vessel speed
closely related

* Prop ‘pitched’ for
required speed at
full load

 When light, speed
limited by governor

Waterjets

« RPM and vessel
speed not directly
related

 Full engine power
absorbed at all
speeds

 When light, higher
speed achieved.
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Bolliard PulisErust

= ThrUSt||m|t determlned g0k EnginelF'Dwer Raﬁge
by cavitation resistance : | |
. ?D_ ....................................................................
« This depends on NIR and
Intake geometry BOF{- ........... ........... ......... ...................... .....
- Maximum bOIIard pu.” %50_ ........ ........... ......... TR SRR ..... - LnaC\;te:t?;? |
SpeC|f|ed at ‘-3%’ p0|nt E bl .......... .......... ........... ...................... N reEducesthr:ust |
« Engine power matched to o] B ........... Onsstof caaton, _ ... .......... 1
max thrust ol oA
 Intermittent thrust OK at ol i b ]
higher power R
DD 260 4DID EDID BDID 1 DIDD 1 QIDD 1 AIDD 1 EIDD 1800

Power (W)

» Design optimised for performance at all speeds
« Larger jet sizing maximises bollard pull for given engine power.
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FArust Control

Steering

! 1o Fort !

i
! f
-

Reverse Duct Raised "

Stbd Reverse

« Thrust controlled by splitting the flow
 Ahead flow controlled by steering

* Reverse flow components controlled
by steering and reverse

Reverse Duct Lowered
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RSt Envelepes

Maximum
Thrust Envelope

e Sway thrust — steering i
 Surge thrust — reverse o f

Higher RPM
Thrust

» Envelope is scaled with RPM < |~ [ ]

Low Idle

e Reverse thrust ~ 58% ol | .......... e
» Side thrust ~ 32% | |

o Any thrust vector can be | T— \ ___________ ___________
defined within the outer P O S N I S
envelope N

e Steering, reverse and RPM ol
mUSt be determlned - - S\;\jaDYThrus:?%) ” ¥

Surge Thrust (%)
]
=
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Systemrinteracing

Jet 4
DR Jet 3
Mode i
Switch Jet2
Jet1
‘Ready' Signal

Azimuth Feedback

Thrust Feedback
¥y + |
Azimuth Demand - ]
L] DF System Thrust Dernand - 1 CAM bus interface
(Primary) COF_Enabled - (Bl=] <:::> Electranic
Interface gnntml
Azimuth Demand ~ il Steering Dmd &F/B | ERE
» DF Systemn Thrust Demand o 3 Reverse Dmd & F/B
(Secondary) DP Enabled : RPM Dmd & F/8
A A T |
Thrust Feedback

Azimuth Feedback

Mote: Interconnections shown are
‘Ready' Signal repeated for each jet unit

 DP system sends thrust and azimuth demands to DPI Module
 DPI calculates steering, reverse and RPM demands

* DPI returns thrust and azimuth feedback

* Dual interfaces for DP2 capability

* Quick and easy setup

» High level of redundancy.
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ransyverselinrustviethods

* Crew boats limited in side thrust ability
3 different thrust methods analysed

o Assumptions:-
— Not a full DP capability analysis
— Calculations based on ‘Joyce McCall’
— Current and wave forces act at COR
— Wind forces centred 3m ahead of COR
— Wind speed 10 knots.
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fransversefirustvViethod 1

La

(a)

Lf

o
‘

Jet resultant Centre of ¥
vector (Ta) Fotation
Bow thruster

p— o
i} |

f Wind force

TTntaI side

vectar (Tf)

thrust

o Jets thrust sideways with bow thruster

« All jets thrust the same

e Jet thrust ~ 15% of available side thrust

 Low power levels
 ‘Bow thruster limited’.
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FransversefirustvViethod 2

\-. La Lf (b)

Both port jets - -l -
ahead thrust
f Wind farce
B —‘/-\ ------ "f} S S
Both sthd jets !

astern thrust : | B thru st

ow thruster

/ vector (T1)
Total side

Jet resultant
vector (Ta) ¥ thrust

Jet longitudinal thrust reflected sideways

Optimum when:-
— Lf. Tf=La. Ta + wind moment
— Ta maximised

Thrust increase ~ 35% over method 1
High power levels.
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ransversefinrustviethod 3

Fort auter jet

ahead thrust
La Lf
Fortinner jet _
side thrust f Wind force

_lﬂ___l/,&\_‘ NN N

et

¥

aaaa

4——”'/ v Bow thruster
Both sthd jets vectar (Tf)
astern thrust Jet resultant Total side

vector (Ta) thrust

One jet thrusts sideways

Remaining jets reflect side force at COR
Thrust increase ~ 37% over method 1
High power levels.
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« Waterjets are a good solution for vessels that
operate in widely different modes

 Allow higher speeds when running light
« High bollard-pull thrust

« Effectively emulate azimuth thrusters

* Quick and accurate thrust response

e DP interfacing

* Improved capability may be achieved by using
different transverse thrust strategies.
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HeWwANateretrs: DiifierterProps
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Fransit Perormance

 Crew boat resistance
varies widely with
displacement

o Waterjets use full
engine power at all
loading conditions

(k)

Thrust and Resistance
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DIferences tor AZimuth S Earusters

» Non uniform thrust envelope STy

° ReStFICt to CerUIar reglon ED .......... .......... ........... ......... i

» Restricted azimuth zones largely | | — |
avoided

* Rapid response for thrust reversal

* Push-pull thruster pairing not L
needed s T

 Virtually infinite thrust resolution

e No unwanted vectors while
changing azimuth
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