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CHAPTER 1
INTRODUCTION

		Dynamic positioning (DP) is a rapidly maturing technology, having been born of necessity as a result of the increasing demands of the rapidly expanding oil and gas exploration industry in the 1960s and early 1970s. Even now, when there exist over 1,000 DP-capable vessels, the majority of them are operationally related to the exploration or exploitation of oil and gas reserves.
		The demands of the offshore oil and gas industry have brought about a whole new set of requirements. Further to this, the more recent moves into deeper waters and harsh-environment locations, together with the requirement to consider more environmental-friendly methods, has brought about the great development in the area of Dynamic Positioning techniques and technology.
1.1  HISTORY
		The first vessel to fulfil the accepted definition of DP was the "Eureka", of 1961, designed and engineered by Howard Shatto. This vessel was fitted with an analogue control system of very basic type, interfaced with a taut wire reference. Equipped with steerable thrusters fore and aft in addition to her main propulsion, this vessel was of about 450 tons displacement and length 130 feet.
		By the late 1970s, DP had become a well established technique. In 1980 the number of DP capable vessels totalled about 65, while by 1985 the number had increased to about 150. Currently (2002) it stands at over 1,000 and is still expanding. It is interesting to note the diversity of vessel types and functions using DP, and the way that, during the past twenty years, this has encompassed many functions unrelated to the offshore oil and gas industries


1.2 APPLICATIONS
	· coring
· exploration drilling (core sampling)
· production drilling
· diver support
· pipelay (rigid and flexible pipe)
· cable lay and repair
· multi-role
· accommodation or 'flotel' services
· hydrographic survey
· pre- or post-operational survey
· wreck survey, salvage and removal
· dredging
	· rockdumping (pipeline protection)
· subsea installation
· lifting (topsides and subsea)
· well stimulation and workover
· platform supply
· shuttle tanker offtake
· Floating production (with or without storage)
· heavy lift cargo transport
· passenger cruises
· mine countermeasures
· oceanographical research
· seabed mining


DP is also used in
· rocket launch platform positioning
· repair/maintenance support to military vessels
· ship-to-ship transfer and
· manoeuvring conventional vessels







CHAPTER 2
BASIC PRINCIPLES OF DP

		Dynamic Positioning can be described as an integration of a number of shipboard systems to obtain the ability of accurate manoeuvrability. DP can be defined as:
“A system which automatically controls a vessel's position and heading exclusively by means of active thrust.”
		A convenient way of visualizing the inter-relation of the various elements of a DP system is to divide the system into six parts, as the following sketch shows.
[image: Figure]
Sketch 1 - Schematic Diagram of a DP system
The prime function of a DP system is to allow a vessel to maintain position and heading. A variety of further sub-functions may be available, such as track-follow, or weathervane modes, but the control of position and heading is fundamental.
2.1 DEGREES OF FREEDOM
		Any vessel (or other object) has six freedoms of movement; three rotations and three translations. In a vessel they can be illustrated as roll, pitch, yaw, surge, sway and heave.
[image: Figure]
Sketch 2 - The Six Freedoms of Movement
		Dynamic positioning is concerned with the automatic control of surge, sway and yaw. Surge and sway, of course, comprise the position of the vessel, while yaw is defined by the vessel heading. Both of these are controlled about desired or "setpoint" values input by the operator, i.e. position setpoint, and heading setpoint. Position and heading must be measured in order to obtain the error from the required value. Position is measured by one or more of a range of position references, while heading information is provided from one or more gyrocompasses. The difference between the setpoint and the feedback is the error or offset, and the DP system operates to minimise these errors.
		The vessel must be able to control position and heading within acceptable limits in the face of a variety of external forces. If these forces are measured directly, the control computers can apply immediate compensation. A good example of this is compensation for wind forces, where a continuous measurement is available from windsensors.. Sensors connected to the cable tensioners, and the fire monitors allow direct feedback of these "external" forces to the DP control system and allow compensation to be ordered from the thruster before an excursion develops.
		In addition to maintaining station and heading, DP may be used to achieve automatic change of position or heading, or both. The DP operator (DPO) may choose a new position using the control console facilities. The DPO may also choose the speed at which he wants the vessel to move. Similarly, the operator may input a new heading. The vessel will rotate to the new heading at the selected rate-of-turn, while maintaining station. Automatic changes of position and heading simultaneously are possible.





[bookmark: _Toc288514657]CHAPTER 3
DP MODEL

		Every vessel is subjected to forces from wind, waves and tidal movements as well as forces generated from the propulsion system and other external elements (fire monitors, pipelay tension, etc). The response to these forces is vessel movement, resulting in changes of position and heading. These are measured by the position reference systems and gyro compasses. The DP control system calculates the offsets between the measured values of position and heading, and the required (or setpoint) values, and calculates the forces that the thrusters must generate in order to reduce the errors to zero. In addition the DP control system calculates the wind force acting upon the vessel, and the thrust required to counteract it based on the model of the vessel held in the computer.
		Modeling and filtering enable a 'dead reckoning' or 'DR' mode (often called 'memory') to operate if all position references are lost. The vessel will continue to maintain position automatically, although the position-keeping will deteriorate with the increasing length of time since the last position data received. In practical terms, this means that the DPO does not need to immediately select "manual" control upon the loss of all position reference. 
		The difference between the thrust calculated from the model and the wind speed and direction is the force taken as the current. The current force or 'sea force' is therefore a summation of all the unknown forces and errors in the DP model and displayed in the model as the speed and direction of the current.


CHAPTER 4 
ELEMENTS OF A DP SYSTEM


	
	[bookmark: _Toc288514659][bookmark: _Toc288522173]4.1 - COMPUTERS
		The processors operating the DP control software are generally known as the DP computers. The main distinction of concern to the DPO is the number of computers, their methods of operation, and the level of redundancy they provide. 
		The computers may be installed in single, dual or triple configurations, depending upon the level of redundancy required. Modern systems communicate via an ethernet, or local area network (LAN), which may incorporate many other vessel control functions in addition to the DP. 
[bookmark: _Toc288514362][bookmark: _Toc288514660][bookmark: _Toc288522174]		In all DP vessels, the DP control computers are dedicated specifically for the DP function, with no other tasks. A single-computer system, or 'simplex' DP control system provides no redundancy. A dual or two-computer system provides redundancy and auto-changeover if the online system fails. A triple or 'triplex' system provides an extra element of security and an opportunity for 2-out-of-3 voting. The level of redundancy depends on the equipment class selected by the vessel
[bookmark: _Toc288514661][bookmark: _Toc288522175]4.2 - CONTROL CONSOLE
		The bridge console is the facility for the DPO to send and receive data. It is the location of all control input, buttons, switches, indicators, alarms and screens. In a well-designed vessel, position reference system control panels, thruster panels and communications are located close to the DP control consoles.
[image: Figure]
Sketch 3- Control Console
4.3 - POSITION REFERENCE SYSTEMS
		A variety of position reference systems is used by DP systems. The most common are: differential global positioning (DGPS), taut wires, hydro acoustics (HPR), and line-of-sight laser systems.
[image: Figure]
Sketch 4 - Position Reference System


[bookmark: _Toc288514667][bookmark: _Toc288522176]4.3.1 – GENERAL
		Accurate, reliable and continuous position information is essential for dynamic positioning. Some DP operations require better than 3m relative accuracy. A DP control system requires data at a rate of once per second to achieve high accuracy. Reliability is, of course, of vital importance, to operations where life and property may be put at extreme risk through incorrect position dat.
		All DP vessels have position reference systems (PRS), (sometimes referred to as position monitoring equipment or PME), independent of the vessel's normal navigation suite. Five types of PRS are in common use in DP vessels; Hydroacoustic Position Reference (HPR), Taut Wire, DGPS, Laser-based systems (Fanbeam and CyScan) and Artemis.
		For any operations requiring DP redundancy it is necessary to utilise three position references. Two PRSs are not adequate, because if one has failed, contradictory reference data provides an impasse, whereas three systems provide two-out-of-three voting to identify a rogue sensor.
[bookmark: _Toc288514668][bookmark: _Toc288522177]4.3.2 - HYDROACOUSTIC POSITION REFERENCE (HPR)
		Underwater acoustics have many applications, one of which is the provision of position reference for DP purposes.
		There are three types of acoustic position reference systems in common use - ultra- or super-short baseline systems (USBL or SSBL), short baseline systems (SBL) and long baseline systems (LBL). Each has advantages and disadvantages which determine when and how each is used.
[bookmark: _Toc288514669][bookmark: _Toc288522178]4.3.2.1 - ULTRA- OR SUPER-SHORT BASELINE ACOUSTIC SYSTEM
		The principle of position measurement involves communication at hydro acoustic frequencies between a hull-mounted transducer and one or more seabed-located transponders. The ultra- or super-short baseline (SSBL) principle means that the measurement of the solid angle at the transducer is over a very short baseline (the transducer head).
[image: Figure]
Sketch 5 -  SSBL principles
		An interrogating pulse is transmitted from the transducer. This pulse is received by the transponder on the seabed, which is triggered to reply. The transmitted reply is received at the transducer. The transmit/receive time delay is proportional to the slant and range. So range and direction are determined. The angles and range define the position of the ship relative to that of the transponder. The measured angles must be compensated for values of roll and pitch.
.
[bookmark: _Toc288514670][bookmark: _Toc288522179]4.3.2.2 - LONG BASELINE SYSTEM
		In deepwater locations, where the accuracy of the other types degrades, the long baseline (LBL) becomes more appropriate. LBL systems are in extensive use in drilling operations in deep water areas (>1,000m).
[image: Figure]
Sketch 6 - LBL system
		The long baseline system uses an array of three or more transponders laid on the seabed in the vicinity of the worksite. Typically the array will form a pentagon (5 transponders) on the seabed, with the drillship at the centre above. One transducer upon the vessel interrogates the transponder array, but instead of measuring range and angular information, ranges only are measured, because the baseline distances have already been calibrated (distances between transponders). Position reference is obtained from range-range geometry from the transponder locations. Calibration is done by allowing each transponder to interrogate all the others in the array, in turn. If, at the same time, the vessel has a DGPS or other geographically-referenced system, then the transponder array may also be geographically calibrated. Accuracy is of the order of a few metres, but the update rate can be slow in deep water because the speed of sound in sea water is about 1,500 m/sec.
[bookmark: _Toc288514671][bookmark: _Toc288522180]4.3.2.3 - SHORT BASELINE SYSTEM
		A short baseline is like a long baseline system, except that there is an array of transducers (hydrophones), spread along the underside of the DP vessel and the baseline(s) are the distances between them. Thus the accuracy can be better than the ultra- or super-short baseline type of system and work with one transponder or beacon, but it still relies on vessel motion corrections. Some vessels have as many as eight hull penetrations for tubes or poles on which the hydrophones are deployed.
[bookmark: _Toc288514672][bookmark: _Toc288522181]4.3.3 - TAUT WIRE POSITION REFERENCE
		A taut wire is a useful position reference, particularly when the vessel may spend long periods in a static location and the water depth is limited. The commonest consists of a crane assembly on deck, usually mounted at the side of the vessel and a depressor weight on a wire lowered by a constant-tension winch. At the end of the crane boom angle sensors detect the angle of the wire. The weight is lowered to the seabed and the winch switched to constant tension, or 'mooring' mode. From then on, the winch operates to maintain a constant tension on the wire and hence to detect the movements of the vessel. The length of wire deployed, together with the angle of the wire, defines the position of the sensor head with reference to the depressor weight once the vertical distance from the sheave of the crane boom to the seabed is known. This is measured on deployment.
[image: Figure]
Sketch 7 - Taut Wire Principles
[bookmark: _Toc288514673][bookmark: _Toc288522182]4.3.4 - THE DGPS POSITION REFERENCE SYSTEM
		DGPS has become the most commonly-used position reference for DP operations. The US Department of Defense (DoD) Global Positioning System (GPS) is in widespread general use, with typical accuracies available from the GPS Standard Positioning Service (SPS) of 20m . 
		In order to improve GPS accuracy to levels useful for DP, differential corrections are applied to GPS data. This is done by establishing reference stations at known points on the WGS 84 spheroid (the working spheroid of the GPS system). The pseudo ranges derived by the receiver are compared with those computed from the known locations of the satellites and reference station, and a Pseudo-Range Correction (PRC) derived for each satellite. These corrections are then included in a telemetry message sent to the ship's receiver by a data link. The receiver then applies the PRCs to the observed pseudo ranges to compute a differentially corrected position.
		Differential GPS systems are provided on-board by a service provider. The provider maintains and operates a network of reference stations worldwide and will install receiving equipment on-board to access the services.
[bookmark: _Toc288514674][bookmark: _Toc288522183]4.3.4.1 - NETWORK DGPS
		Most DGPS services accept multiple differential inputs obtained from an array of reference stations widely separated. Generally, network DGPS systems provide greater stability and accuracy, and remove more of the ionospheric error than obtainable from a single reference station. Network systems are more comprehensively monitored at the Hub, or control stations, where user information or warning data may be generated and sent out.
[image: Figure]
Sketch 8 - Network DGPS configuration
		If a vessel is expected to be working near fixed platforms, a local HF connection can be best. For floating production, storage and offloading (FPSO) vessels, a local UHF link and relative GPS solution can be the best arrangement.The accuracy obtainable from DGPS systems is in the area of 1-3m dependent upon the distances to the reference stations.
[bookmark: _Toc288514675][bookmark: _Toc288522184]4.3.4.2 - RELATIVE GPS
		Some DP operations require the positioning of a vessel relative to a moving structure. An example of this is the operation of a DP shuttle tanker loading via a bow loading hose from the stern of an FPSO. The FPSO may be turret-moored, so it can weathervane. The stern of the FPSO describes the arc of a circle, as well as surge sway and yaw motions, providing a complex positioning problem for the shuttle tanker.
[image: Figure]
Sketch 9 - Relative GPS
		For the measurement of relative position by GPS, differential corrections are not needed, as the errors induced are the same for the shuttle tanker as they are for the FPSO. A DARPS transmitter on the FPSO sends the received GPS data to the UHF receiver aboard the shuttle tanker. A computer aboard the shuttle tanker then calculates a range/bearing from the FPSO's stern, which is put in to the DP control system as position reference in the same way as Artemis.
[bookmark: _Toc288514676][bookmark: _Toc288522185]4.3.5 - LASER-BASED POSITION REFERENCE
		Two laser DP position references are in use -Fanbeam and CyScan.
		Fanbeam and CyScan. These are laser based position reference systems. They are very straightforward system, as only a small prism needs to be installed on a nearby structure or ship. Risks are the system locking on other reflecting objects and blocking of the signal. Range depends on the weather, but is typically more than 500 meters
[bookmark: _Toc288514662][bookmark: _Toc288522186]4.4 - HEADING REFERENCE
		The DP vessel's heading is provided by one or more gyro compasses, which transmit data to the DP control system. In vessels where redundancy is necessary, then two or three gyros are fitted.
		If three gyros are fitted, then the DP system may use two-out-of-three voting to detect a gyro failure, and give an appropriate warning to the DPO.  A heading reference may also be available from multiple GPS receivers .
[bookmark: _Toc288514663][bookmark: _Toc288522187]4.5 - ENVIRONMENT REFERENCE
		There are three main environmental forces which cause the vessel to move away from her setpoint position and/or heading. They are the forces created by wind, waves and current. Current meters to provide feed forward to the DP control system are hardly ever used by DP control systems, because they are expensive, especially if high reliability is required, and generally the current forces change slowly, so that integral term of the controller is adequate.
		The DP control system provides no direct active compensation for waves. In practice, the frequency of the waves is such that it is not feasible to provide compensation for individual waves and the forces are too high. Wave drift forces build slowly and appear in the DP control system as current or sea force.
		A recent development is the provision of a system which utilises two or more DGPS receivers with antennae mounted some distance apart. The GPS fixes and motion-sensors provide data on vessel position, heading, roll, pitch and heave values. This is able to provide a reference for position and heading as well as motion in and about each axis.
		All DP systems have wind sensors. This data is used to calculate wind-induced forces acting upon the vessel's hull and structure, allowing these forces to be compensated before they cause a position or heading change. Typically, a wind sensor consists of a simple transmitting anemometer, usually of the rotating-cup type. The wind sensors are important because large changes in wind speed or direction can cause major disturbances in the positioning if they are not selected or shielded. The wind feed-forward allows an immediate compensatory thrust to be applied in direct proportion to the change detected in the wind speed and/or direction.
		Many DP control systems also have a wind compensation facility within the manual (joystick) control function, providing the operator with an environmentally-compensated joystick control option. 
[bookmark: _Toc288514664][bookmark: _Toc288522188]4.6 - POWER SYSTEMS
		Central to the operation of any DP vessel are the power generation, supply and distribution systems. Power needs to be supplied to the thrusters and all auxiliary systems, as well as to the DP control elements and reference systems.
		The thrusters on a DP vessel are often the highest power consumers on board. The DP control system may demand large changes of power due to rapid changes in the weather conditions. The power generation system must be flexible in order provide power rapidly on demand while avoiding unnecessary fuel consumption. Many DP vessels are fitted with a diesel-electric power plant with all thrusters and consumers electrically powered from diesel engines driving alternators. A diesel engine and alternator is known as a diesel generator set.
		A vessel may have twin screws as main propulsion driven direct by diesel engines and bow and stern thrusters electrically driven, taking power from shaft alternators coupled to the main diesels or from separate diesel generator sets.
		The DP control system is protected against a mains power failure by the inclusion of an uninterruptible power supply (UPS). This system provides a stabilised power supply that is not affected by short-term interruptions or fluctuations of the ship's AC power supply. It supplies the computers, control consoles, displays, alarms and reference systems. In the event of an interruption to the ship's main AC supply, batteries will supply power to all of these systems for a minimum of 30 minutes.
[bookmark: _Toc288514665]
[bookmark: _Toc288522189]4.7 - PROPULSION SYSTEMS
		The DP capability  of the vessel is provided by their thrusters. In general, three main types of thruster are fitted in DP vessels; main propellers, tunnel thrusters and azimuth thrusters. Main propellers, either single or twin screw are provided in a similar fashion to conventional vessels. In DP vessels where such main propulsion forms part of the DP system, propellers may be controllable pitch (cp) running at constant rpm or variable speed. Main propellers are usually accompanied by conventional rudders and steering gear. Normally, the DP installation will include control and feedback of the rudder(s). 
[image: Figure]
Sketch 10- Propulsion Systems                     		
		In addition to main propellers, a DP must have well-positioned thrusters to control position. Typically, a conventional monohull-type DP vessel will have six thrusters; three at the bow and three aft. Azimuth thrusters project beneath the bottom of the vessel and can be rotated to provide thrust in any direction. Azimuth thrusters have the advantage that they can provide thrust in any direction and are often used as main propulsion in lieu of conventional propellers.
CHAPTER 5
ADVANTAGES AND DISADVANTEGES

DP ADVANTAGES:
· Vessel is fully self-propelled; no tugs are required at any stage of the operation
· Setting-up on location is quick and easy
· Vessel is very manoeuvrable
· Rapid response to weather changes is possible (weather vane)
· Rapid response to changes in the requirements of the operation
· Versatility within system (i.e. track-follow, ROV-follow and other specialist functions)
· Ability to work in any water depth
· Can complete short tasks more quickly, thus more economically
· Avoidance of risk of damaging seabed hardware from mooring lines and anchors
· Avoidance of cross-mooring with other vessels or fixed platforms
· Can move to new location rapidly (also avoid bad weather)
DP DISADVANTAGES:
· High capital and operational expenditure
· Can fail to keep position due to equipment failure
· Higher day rates than comparable moored systems
· Higher fuel consumption
· Thrusters are hazards for divers and ROVs
· Can lose position in extreme weather or in shallow waters and strong tides
· Position control is active and relies on human operator (as well as equipment)
· Requires more personnel to operate and maintain equipment.


CHAPTER 6
CONCLUSION

		Dynamic Positioning is an onboard system used to maintain a predetermined position or track. In calculating a vessels heading and position and comparing these to the desired position, the dynamic positioning system can determine if a positioning error has occurred and apply the required thruster action necessary to re-position the vessel. Historically this was achieved through analogue systems  however fully integrated computer and electronic systems are now common.

		Used extensively in the offshore industry, dynamic positioning equipment can be found onboard vessels requiring precise positioning such as drilling, cable and pipe laying, dive and ROV support and FPSO vessels and Jack-up Barges. Dynamic positioning equipment is also used extensively on vessels and units operating in deep water and areas of environmental sensitivity where traditional anchoring techniques are not possible.



CHAPTER 7
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CHAPTER 8
APPENDIX

	ACRONYMS  
	                     DEFENITION



DGPS				Differential GPS 
DP					Dynamic positioning
DPO					Dynamic positioning system operator
FPSO				Floating production, storage and offloading
GLONASS			Global Navigation Satellite System (Russian)
GPS	Global Positioning System 
HF					High frequency
HPR				Hydroacoustic position reference
IMCA				International Marine Contractors Association
LBL				Long base Line transducer –
PRC				Pseudo range correction
PRS				Position reference system
SBL				Short baseline 
SSBL				Super-short baseline - as USBL
UHF				Ultra high frequency (300mhz-3000mhz)

Dept.ICE	22	SNMIMT Maliankara
image3.gif
DP CONTROL
SYSTEMS

Avove: Alstom
Fign:  Kongsberg Simrad




image4.gif
©2003 MCA

“

DGPS DIFFERENTIAL
CORRECTIONS R

ey
ARTES
MICROWAVE LNk

TAUTWIRE \ HYoRoAcoUSTIC
SYsTRM ', POSITION REFERENCE

§ reavsronoen




image5.gif
©2003 MCA

QRN

TRANSDUCER
.

ACOUSTIC
RANCIG THE ULTRA- OR
SUPER-SHORT
BASELINE

ACOUSTIC SYSTEM
/
[| mranseonoEr





image6.gif
THE LONG BASELINE
ACOUSTIC SYSTEM

©2003 MCA

DP DRILLING RIG

A

TRANSDUCER

i 0

AcousTe
RANGING.

1 1

TRANSFONDER
ARRAY

WELLHEAD.





image7.gif
©2003 IMCA.

TAUTWIRE |

GIVBAL HEAD ﬁ:
SENSORS

DEPRESSOR
WEIGHT





image8.gif
©2003 MCA

NETWORK DGPS

DIFFERENTIAL CORRECTIONS
RECEIVED FROM ALL STATIONS
INTHE NETWORK.

= nerworkor
REFERENCE
STATIONS




image9.gif
©2003 MCA

RELATIVE GPS

~ G5 FOSITION REFERENCE

TURREFMOORED FPSO

Ut
ure
KX rRanscever

SHUTTLE TANKER

FP50 USING THRUSTER:
ASSISTEDMOORIG ONA

THE SHUTTLE TANKER RECEVES GPs
WEATHERVANE HEADING [ 7a DIRECTLY, ALSO TELEMETERED

FROM THE FP30, THUS RELATIVE
POSITION S CETERMINED.

MOORING LINES




image10.gif
©2003 MCA

TYPICAL PROPULSION SYSTEN LAYOUTS

@ @

@
e 9

OFFSHORE SUPPORTVESSEL  CABLE LAVREPARR VESSEL  SEMISUBMERSIELE DRILL SHIP

& @ =T |

Tt thrusters forward Trple tunnel husters foruard - S At thrusters
Retractabe Acimah thuser Tunel thruster af- Allpropelors Tced
forea T Screw man propelors

T it thustrs 3t i DF actve midere

proving both ma popusion - A roplers ied pieh

S sestng

A propeters cp




image1.gif
or
loperator,
EnvizonEnT
REFERENCE
SveTeus pr—
WD SEnsoRs ECEuENTs
VERTICAL REFERENCS
MOTION REFERENCE T
consoLe
™Al |1
CouPUTERS

POWER GENERATION

DiEsELs
AlTERnaToRs
SWITCHRDARDS
POWER MANAGEMENT
POWER DISTRIEUTION
Ges

©2003 McA

POSITION REFERENCE
SVTENS.

Dies
LRseR
HYDROAZOUSTIC.
TAUTWIRE
MCROWAVE

HEADING REFERENCE

GYROCOMPASS,
COMBINED SENSOR
e

THRUSTERS AND
FROPDLSION
SVsTems

MAIN PROPULSION
RUDDERS

TUNNEL THRUSTERS
LT THRUSTERS
THRUSTER CONTROL

THE ELEMENTS OF A DP SYSTEM





image2.gif
©2003 MCA

=
=
w
=
jm}
>
o
=
=
m
7
17
w
>
W
<}
%}
=
o
a
m
jm}
4
L
=
7
w
T
=

HeaE

i

wo e

RoLL





