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ABSTRACT  
Today Dynamic Positioning (DP) Systems are standard 
on offshore service vessels. In particular the demand for 
larger, more flexible and powerful offshore vessels, will 
require higher station keeping forces during DP-
operations. Larger vessels can also operate in more severe 
weather conditions, meaning that even higher forces are 
needed. 
The most important factor in the design and planning of 
offshore operations is to have the highest possible 
operability after worst single failure. A vessel cannot start 
a planned DP operation if the worst single failure in 
components or systems will lead to loss of vessel 
position. 
As a measure to reduce worst single failure consequences, 
the Wärtsilä Low Loss Concept (LLC) has been 
developed. This diesel electric system has a number of 
advantages compared to conventional concepts. The 
architecture of the switch boards and power distribution 
system gives less single failure consequences, meaning 
more available power giving much better operability and 
safety during DP operations. 
The LLC system also gives reduced electrical losses 
meaning better fuel efficiency. In addition, the system 
provides substantial weight and space saving for the 
installation.  
A comparison of DP-capability, required installed power 
and fuel consumption of the single screw concept against 
a conventional thruster propulsion concept will be 
presented. Also free running performance will be 
compared for these two alternatives 
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1 INTRODUCTION 
Requirements for systems onboard DP classed vessels are 
regulated by the IMO Guidelines for Vessels with 
Dynamic Positioning Systems. Here the DP systems are 
grouped in 3 different equipment classes according to the 
level of redundancy. For equipment class 2 & 3 the 
positioning keeping system must be redundant, meaning 

that a single failure in components or systems must not 
lead to a loss of vessel position.  
For class 2 and 3, IMO also requires an online 
consequence analysis system during DP operation. This 
function must continually perform an analysis of the 
vessel’s ability to maintain its position and heading after a 
predefined single worst case failure during operation. 
Possible consequences are based on the actual weather 
condition, enabled thrusters and power plant status. 
Typically worst case failures are: 

• Failure in the most critical thruster 
• Failure in one thruster group 
• Failure in one switchboard section 

The consequence analysis will warn the operator if the 
weather and systems conditions are such that the single 
worst case failure will cause position drift-off. If such a 
warning occurs, pending on how critical the actual 
operation is, the DP operation may need to be aborted. 
From the above it is obvious that one measure to increase 
a vessel’s DP capability is to seek for arrangements in the 
system design that will reduce the worst single failure 
consequence. 
One of the main challenges when designing DP classed 
vessels is first to determine the optimum machinery and 
switchboard configuration. Afterwards the optimum main 
propulsor arrangement, number and types of thrusters, 
location of thrusters, and their maximum power and 
thrust, as well as generator power to be decided. 
For vessels operating a considerable part of the time in 
free running, the free running performance also needs to 
be taken into account. Some compromises may be 
needed; however in most cases it is possible to get a good 
performing vessel during both DP-operations and free 
running condition. 
 

2 DP CAPABILITY CALCULATION 
The equilibrium between mean environmental forces and 
maximum propeller and thruster forces are calculated as a 
function of vessel heading. 
The ShipX Station Keeping program, developed by Sintef 
- Marintek, is used for these calculations. This program is 



very useful for comparison of different designs and 
arrangements.  
For these comparisons, the capability plots are produced 
with a constant current force corresponding to current 
speed of 1.5 knots, and variable wind and wave drift 
forces.  
Table 1 shows the bollard pull (zero speed thrust) in 
N/kW that has been used for the different thruster types 
used in the calculations. 
 

Type of  Propulsion Continuous 
bollard pull  

[N/kW] 

Open propeller Azimuth 130 

Contra rotating azimuth 140 

Azimuth with nozzle 170 

Tunnel thrusters 123 

Table 1. Bollard Pull for different thruster types 
 

2.1 Worst case failure – Wartsila LLC 
In the DP capability calculations, the worst case failure 
has been defined as loss of one switchboard section.  
In a conventional diesel electric system the switchboard is 
separated in two independent sections with power supply 
to the different thrusters distributed between these two 
sections. Hence if there is a failure in one of the 
switchboard sections, typically about 50% of the thruster 
capacity will be lost. 
In the Wartsila LLC, the switchboard is divided in four 
independent sections. Power supply to each individual 
thruster is also provided from two different switchboard 
sections. Hence, it there is a switchboard failure in the 
LLC, only 25% of the power generation is lost. And 
thrusters connected to the faulty switchboard section will 
still have 50% power available from another section. 
Typically more than about 75% of full thruster power will 
therefore still remain after the worst case failure. 
A typical LLC arrangement is shown in Figure 1.  
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
Figure 1. Typical arrangement of Wartsila LLC 
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3 EVALUATION OF DP CAPABILITY AFTER WORST 
SINGLE FAILURE 
The DP capability has been calculated for two different 
configurations for the main propulsion, a single screw  
and a thruster concept. 
For both alternatives the installed total power of the 
thrusters are relative low. However, during planning of 
new vessels and offshore operations, the operability 
limits at future locations have to be considered. It must 
always be assured that DP-capability is not a limitation 
for the vessel operation. 
In many DP-operations considered today, higher 
current speeds than 1.5 knots have to be considered, 

e.g. Gulf of Mexico loop current conditions with 
current velocities up to 3-4 knots.  
 

3.1 Single Screw Concept 
Figure 2 shows the arrangement with a main single 
propeller. For DP operation the vessel is fitted with 
four tunnel thrusters (two fore and two aft) and two 
retractable azimuth thrusters, one fore and one aft. The 
power and corresponding maximum thrust figures are 
given in Table 2 and the results from the DP capability 
calculations are given in table 3. 

 
Figure 2. Single screw concept on a VS495PSV 
 
 

Prop/ 
Thruster 

No. 

Propeller/ 
Thruster 

Name 

Power 
(kW) 

Max. Thrust 
(kN) 

1 Main propeller  5100 700–875 *) 
2 Aft tunnel 1 830 102 
3 Aft tunnel 2 830 102 
4 Aft Azimuth 880 150 
5 Fwd Azimuth 880 150 
6 Fwd tunnel  1 880 108 
7 Fwd tunnel  2 880 108 

Table 2. Summary of propeller and thruster forces 
 
*) Nozzle propellers give 25-30% higher bollard pull than open propellers 
 
 
 



 
 
 
 

System 
 

Units in operation 
(*) = 50% power 

Calc. max. wind speed/ 
Hs  

Capability 

Comment 

All incl. main prop. 37.6 kn/ Hs= 7.0m  All thrusters incl. prop. in operation  
All without prop. 37.2 kn/ Hs= 6.9m Main propeller not in operation 

LLC 1*,2*,3*,4 ,5 ,6*,7* 27.9kn/ Hs= 4.8m Worst single failure/ Loss of Swb 

Conv. 1, 4, 5 15.6 kn/ Hs= 2.6m Worst single failure/ Loss of Swb 

LLC 2*,3*,4 ,5 ,6*,7* 23.1kn/ Hs= 3.9m Worst single failure without prop 

Conv. 4, 5 8.0kn/ Hs= 1.6m Worst single failure without prop 

Table 3. Calculated maximum DP capability with Single screw concept 
Swb: Most important Switchboard 
Hs: Significant wave height 
 
The results from the calculations indicate that the 
vessel can stay in position up to wind speeds of 37 - 38 
knots, i.e. fresh gale, with all propulsors in operation. 
For the worst single failure case, that limits the 
operability of the vessel, the maximum capability is 
about 28 knots, i.e. close to moderate gale, with the 
Wärtsilä LLC system. With a conventional electric 
system the capability is about 12 knots less wind 
speed, i.e. only moderate to fresh breeze. 
With loss of a switchboard section, the DP capability is 
considerably better, when the main propeller and 
rudder is also used to produce turning moment and side 
force. 
In general relative large flap rudders produce both side 
forces and drag of about 50% of the propeller thrust. 
Then even for a single-screw vessel, considerable 
rudder forces can be generated. The aft azimuth can be 
directed to give some astern thrust that is counteracted 
by the main propeller. The rudder can then generate a 
considerable side force and turning moment. 
Retractable thrusters give 35-40% higher thrust than 
tunnel thrusters, and are not so exposed to interaction 
losses. Such “Drop down” thrusters are also 
recommended for fuel saving. 
In good weather conditions it is only necessary to use 
the azimuth thrusters. In bad weather, or with a system 
failure, the propeller and rudder can be used to 
increase the capability. 
The aft azimuth thruster can be located only 15 - 20m 
aft of midship, and then it also helps to increase 

forward forces. The aft azimuth then generates a 
smaller turning moment than the fore azimuth. 
However, the propeller and rudder is located about 
40m aft of mid-ship, which means that only a small 
power is needed to counteract the turning moment 
from the thrusters in the fore ship. 
Usually there is a lack of thruster power and side force 
in the fore ship. However for this case, if not using the 
propeller, there is a lack of turning moment in the aft 
ship. 
On the other hand, if only a small power, i.e. maximum 
1500KW can be used on the propeller, all the installed 
thruster power in fore ship can be utilized to produce 
side force. 

 
3.2 Thrusters for Main Propulsion 
Fig 3 shows the arrangement with two contra rotating 
(CRP) thrusters for main propulsion. For DP operation 
the vessel has additionally two tunnel thrusters and one 
retractable azimuth thruster in the bow. The power and 
corresponding maximum thrust figures are given in 
Table 4 and the results from the DP capability 
calculations are given in table 5.  
For the worst single failure case, the maximum 
capability is about 24 knots, i.e. strong breeze, with the 
Wärtsilä LLC system. With a conventional electric 
system the capability is less than 10 knots wind speed, 
i.e. only up to gentle breeze. 
 
 

 
 
 



 

Fig 3: CRP contra-rotating thruster propulsion on a VS495PSV 
 

Prop/ 
Thruster 

No. 

Propeller/Thruster 
Name 

Power 
(kW) 

Max. Thrust 
(kN) 

1 Main CRP thruster SB  2200 *) 310 
2 Main CRP thruster PS  2200 *) 310 
3 Fwd Azimuth 880 150 
4 Fwd tunnel  1 880 108 
5 Fwd tunnel  2 880 108 

Table 4. Summary of thruster forces 
*) MCR power is 3000 KW, but because of fixed pitch propellers only maximum 75% power, i.e. 2200KW 
can be absorbed in bollard condition 
 

System 
 

Units in operation 
(*) = 50% power 

Calc. max. wind speed/ 
Hs  

Capability 

Comment 

 All thrusters 32.7 kn/ Hs= 5.8m  Power limitation in fore ship 

LLC 1, 2*, 3, 4*, 5* 23.9kn/ Hs= 4.0m Worst single failure/ Loss of Swb 

Conv. 1, 3 9.7 kn/ Hs= 1.8m Worst single failure/ Loss of Swb 

Table 5: Calculated maximum DP capability with CRP thrusters 
 

 

 
 
Fig. 4: Capability plot after worst single failure   Fig. 5: Capability plot after worst single failure 
with Wärtsilä LLC system      with conventional electric system 



3.3 Comparison of LLC and Conventional Diesel-
Electric System 
The switchboard configuration has to be decided 
before selecting the total installed generator power, 
arrangement and power of the thrusters. 
With a conventional system all thrusters connected to a 
failing switchboard will be lost, i.e. in the above case 
all tunnel thrusters and one of the main thrusters. With 
the LLC all propulsors will still be in operation, 
however the thrusters connected to the failing 
switchboard will operate at 50% of maximum power. 
Available power after worst case failure with LLC is 
therefore about 70-75% of maximum power, while 
only 45-50% of the maximum power will remain for a 
conventional system. 
By using the LLC configuration both a lower total 
engine and thruster power can be installed to get the 
same DP-operability. The total thruster power can be 
reduced by about 20%. With a conventional electric 
system the power of each retractable thruster have to 
be increased by about 60% to about 1400KW to get the 
same capability as for the Wärtsilä LLC system. This 
means also much more expensive thrusters units. 
When vessel sizes are increasing, it is even more 
important to use the Wärtsilä LLC system, because 
larger vessels can continue offshore operations in more 
severe weather conditions.  
 
3.4 Comparison of single screw concept against 
thrusters for main propulsion: 

The fuel consumptions have been compared for typical 
Norwegian Sea conditions, assuming a probability 
distribution of 40% for Wind Beaufort 4 and less, 50 – 
55% of Wind Beaufort 4 – 7, and 5 – 10% of Wind 
Beaufort 7 and above. 
 

WIND CONDITION 

AVERAGE WIND  

FORCE 

BN 

DESCRIPTION 

Wind  

(kn) 

Sign. Wave  

height Hs/T1 

4 Moderate breeze 13.5 2.1m/ 7.2s 

5 Fresh breeze 19.0 3.0m/ 7.8s 

6 Strong breeze 24.5 4.0m/ 8.3s 

7 Moderate gale 30.5 5.2m/ 9.0s 

8 Fresh gale 37.0 6.7m/ 10.0s 

9 Strong gale 44.0 8.5m/ 11.7s 

10 Whole gale 51.5 10.7m/ 13.6s 

Table 6. Beaufort Scale 
The power demand is based on ShipX calculations, 
taking the average power for all headings. 

In DP there is no significant difference in fuel 
consumption between the single screw concept and 
twin thrusters propulsion. 
Usually there is lack of power and side force/moment 
in the fore ship, in particular with the superstructure 
forward. Because the aft retractable thruster also help 
to counteract forward external forces, the DP-
capability is even better, i.e. about 4 knots higher in 
wind speed, for the single screw concept. 
With main thruster propulsion there is also less 
redundancy. If one main thruster fails there is only one 
aft thruster left, but for the single screw concept there 
is still three aft propulsors in operation. 
For conventional twin-screw vessels, rudder side 
forces have to be generated by running one propeller 
astern, which is waste of  power.  
However, if two “drop down” azimuth thrusters  are 
located aft, forward of the main propellers, both 
azimuth’s can be directed to give astern thrust that is 
counteracted by both propellers in ahead mode. Then 
both rudders are able to generate considerable side 
force.  
 

4 OPTIMISING SPEED-POWER PERFORMANCE 
Table 7. shows a typical operation profile for a 
Platform Supply Vessel (PSV) 

Condition VS KW HPY 
% 

MCR  15 – 17.5 5000 – 6000 5 

Service 1  12 – 13 1500 – 2000 55 

Service 2.  13.5 – 15 3000 – 3500 15 

DP  Good weather 0 0 – 1500 20 

DP  Bad weather 0 0 – 5000 5 

Table 7: Operation profile of typical PSV’s 
VS: Ship speed (knots) 
KW: Engine power propeller    
HPY: Hours per year in this condition (%) 
 
The most important issue is to minimise fuel 
consumption for the actual operation profile and 
service speeds. 
 

4.1 Free Running 
It is often too much compromise on free running 
performance, in particular when selecting single 
propeller thrusters for main propulsion. 
PSV’s of Vik-Sandvik design have been model tested 
and/or compared in full scale with several different aft 
bodies and/or propulsion configurations. Both the 
single screw concept, conventional twin-screw,  
 



thrusters with nozzles, pulling thrusters and thrusters 
with contra-rotating propellers have been compared. 
Propulsion efficiency above 70% has been achieved 
with the single screw concept. 
With twin CRP thrusters, i.e. with contra-rotating 
propellers, the power consumption is estimated to be 
up to 10% higher. With pulling single propeller 
thrusters the power consumption has been more than 
10% higher than for CRP thrusters.     

5 CONCLUSION 
Diesel electric propulsion systems are widely used in 
DP classed Offshore Support Vessels. This is primarily 
caused by the need for high flexibility and reliability 
during operation. As a further development in this 
field, the Wärtsilä Low Loss Concept (LLC) for diesel 
electric propulsion has been introduced. This system 
gives even higher overall reliability in the electric 
power distribution, with less single failure 
consequences compared with conventional systems. 
Thus DP vessels fitted with the LLC will be able to 
increase the DP capability. This has been demonstrated 

by calculations and comparisons of the results towards 
conventional diesel electric systems. It has also been 
shown that a single screw concept will have better 
propulsion efficiency compared with use of thrusters in 
free running condition. The single screw concept can 
also be utilized without sacrificing DP capability for 
the vessel. 
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