
Introduction
When sea-going vessels slow down to 
enter port, their rudder effectiveness and 
manoeuvrability become restricted by the 
loss of water flow or water speed across 
their rudder. The paradox of slowing 
down to enable safe navigation of high-
risk areas, while losing effective steering 
control at the same time is what drives the 
demand for tugs. 
At the zero speed condition a ship’s 
control ability can be boosted with bow 
and stern thrusters, but the effectiveness 
of these drops dramatically if a ship gains 
a little speed and a pilot is not always 
sure how effective a ship’s transverse 
thrusters will be. 
At medium speeds tugs apply steering 
and braking forces supplementary to a 
ship’s own steering system and at higher 
speeds we refer to this type of assist as 
‘escorting’. There is however a sliding 
scale between escorting and ship-
handling and modern tugs are generally 
required to provide assistance over the 
full 10-0 knots speed range, creating an 
overlap in the existing definitions.
This is why modern day terminal tugs are 
required to feature both suitable escort 
capabilities and superior manoeuvrability 
during ship-handling operations. In effect, 
one could state that terminal tugs cover a 
somewhat intermediate position between 
escort tugs and ship-handling tugs as far 
as operating speed (not maximum sailing 
speed) is concerned. This issue focuses 
on the working principles of modern 
terminal tugs and how tugs generate 
maximum towline forces during escort 
duties and rapid vector response when 
ship-handling in confined spaces. 

Escorting duties
Escorting and associated technologies are 
like the extreme sports of towage industries. 
High towline forces are generated by 
manoeuvring the tug under an oblique angle 
to the sailing direction. The hydrodynamic 
hull forces (lift and drag) generated in this 

manner create the high towline and steering 
forces on the assisted ship (see Figure 2). 
Because of the indirect power generation, 
we generally refer to this manoeuvre as 
operating indirect or in an indirect mode.
The same working principle applies at 
lower speeds too and at about 6-4 knots 
tugs generally shift between the so-called 
indirect mode and direct mode wherein 
they pull using direct thruster power only. 
•	 To maximise the indirect steering 

forces, naval architects increase the 
lateral surface area of escort tugs by 
adding skegs

•	 The application of skegs in tug 
designs limits manoeuvrability when 
providing ship-handling services

•	 Generated steering forces deteriorate 
more than 40 percent when the 
assisted vessel reduces speed 
(because the hydrodynamic lift and 
drag forces deteriorate in turn by a 
power of two.)

The tugs’ supplementary steering forces 
deteriorate as the ship slows down, 
while the ship’s own steering system 
becomes less effective too. Where tugs 
should mitigate the navigational risks, 
they actually become less effective due 
to their working principle. This paradox in 
ship design required a new tug concept 
providing steering and braking forces 

over the full range of speeds of ships with 
hydrodynamic forces being part of, but not 
the only power generating force. 
The triple Z-drive or Rotortug® displayed 
in figures 3 and 4 uses a combination of 
the hydrodynamic and direct thruster forces 
to generate effective steering and braking 
forces at the same time. The combination 
of indirect and direct thruster forces 
enables enhanced ship control for the pilot 
over the full 10-0 knots speed range. The 
Rotortug® generates the forces without 
increasing lateral surface area of the hull 
and is therefore easier to manoeuvre during 
the ship-handling phase. 
•	 The combination arrest mode (see 

Figure 4) offers enhanced safety for 
a tugboat’s crew because the tow-
line is lined up with the tug’s hull 
creating only limited heeling angles 
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Figure 2: Tugboat requirements.

Figure 1: Hydrodynamic forces - indirect mode.
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(5-7 degrees heeling).
•	 switching between the indirect and 

direct or combi mode is a simple 
and safe manoeuvre. The Rotortug’s 
doub le -ended  con t ro l  ab i l i t y 
increases vector response to assisted 
ships.

•	 smart application of a ship’s own 
steering systems and pre-deployed 
tugs can further increase a ship’s 
manoeuvrability in restricted waters.

•	 The ability to deploy your tugs in 
mult iple configurations extends 
the pilot’s options to adapt to all 
circumstances. 

so what level of supplementary steering 
forces can we expect f rom these 
Rotortugs when deployed on the stern 
tug position in addition to a ship’s own 
steering systems? The bottom line answer 
to this is displayed in figure 5.
Figure 5 displays the generated steering 
forces over the entire speed range 
for both the triple Z-drive Rotortug® 
and conventional escort tugs relying 
on hydrodynamic forces to generate 
steering forces. Another interesting 
feature is this ‘rotoring’ or indirect 
towing at low speeds. This enables full 
control ability while operating within the 
beam of a ship while transiting bridges 
or entering docks. 

Ship-handling
All ships slow down eventually as they 
make their final approach to their berth. 
These manoeuvres are generally referred 
to as ship-handling (with tugs) and involve 

three basic manoeuvres: to navigate a 
narrow approach (channels, bridges, 
locks or otherwise); turning a ship; and 
berthing the ship. Being in control requires 
an understanding of how ships are 

Figures 3 and 4: Generating steering forces with a Rotortug®.

Figure 5: steering forces by speed.



moved by the assisting tugboats and how 
vectors interact with each other. What 
type of forces are involved and how the 
deployment of the right tug for the right 
application extends a pilot’s options. 

Navigating approaches
navigating confined spaces, such as 
bridge transits and docking operations 
provides additional challenges to port 
operations. Figure 1 indicates that the 
required tugboat assistance is greatest 
in these circumstances, but due to the 
restricted space, twin-drive tugs cannot 
reposition themselves effectively. 
Twin drive tugs (Voith tractor, Z-drive 
tractor, AsD, conventional) always need 
to have their towing point aligned with 
their propulsion units. This requires them 
to reposition before applying a vector 
force, but the large hull appendages and 
lateral underwater surface areas, beneficial 
when working in indirect mode, handicaps 
manoeuvrability during ship-handling.
At the same time slow speed ‘rotoring’ 
(see also Figure 5) enables the triple Z-drive 
Rotortug® to continue providing steering 
forces when navigating a narrow approach 
(see Figure 7). Where twin-drive alternatives 
lose control for a brief window during 
their passage, the Rotortug® provides full 
control along the entire approach.
•	 The ability to remain within a ship’s 

beam while providing transverse 
forces increases a ship’s control ability 
during bridge or lock transits, but also 
when docking large ships like Vlcc, 
capesize bulkers and VlGcs.

•	 The absence of large hull appendages 
further benefits the manoeuvrability 
when operating in close quarters for 
the triple Z-drive Rotortug®;

•	 These Rotortugs were in i t ia l ly 
developed for use in the confined 
port area of Bremerhaven in 1999. 
Over 32 Rotortugs currently operate 
with six operators in Bremerhaven, 
castellon, Hamburg, Rotterdam, Port 
Hedland and Zeebrugge offering a 
proven tug concept.

Berthing
The very same ‘rotoring’ feature can also 
be used when bring ships alongside a 
quay. In order to achieve this, the tugboats 
bring the assisted vessel alongside and 
keep her stationary until a safe shore 
connection is established. Figure 8 
displays a berthing manoeuvre using this 
feature of the Rotortug®. control of the 
assisted vessel’s transverse speed is 
critical when berthing and the Rotortug® 
provides 60 percent bollard pull while 
remaining within the beam of the ship.
Tugs offer a supplementary service 

in addition to a ship’s own steering 
systems and bow thrusters, not as a full 
replacement of those systems. At the 
same time deploying fewer, but stronger 
tugs achieves major savings on operating 
costs and fuel consumptions for local 
towage operators. savings which in 
turn enable a lower cost port operation 
with better safety levels during narrow 
approaches and passageways.

In conclusion
Tugs offer a supplementary service to 
ships mitigating their reduced control 
ability when slowing down near ports and 
terminals. Terminal tugs especially should 
focus on a good overall performance 
across a wide range of speeds. The 
old escort tugs’ methods of providing 
steering forces needs to be reconsidered 
in the mid speed range. In this view 
the triple Z-drive Rotortugs add direct 
thruster forces into the mix, providing a 
100 percent increase in steering forces 
between 4-6 knots ship speed. At the 
same time this new generation of terminal 
tugs increases ship control in confined 
spaces and enables operational cost 
savings in the majority of ship calls.
By continuously reviewing your operations, 

tug deployment and types of tugs, you 
gain a higher degree of efficiency and 
control at your ports and terminals. 
Rotortug happily shares its experience in 
terminal operations with interested parties.
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Figure 8: ship berthing with ‘rotoring’. 

Figure 6: navigating narrow approaches with twin-drive tugs.

Figure 7: navigating approaches with Rotortugs®.
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