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Abstract 
In the history of maritime navigation, the first civilizations used the auxiliary boats of the ships to perform tasks of assistance in port 
manoeuvres that can be called towing, but nowadays the towing has become a lucrative commercial activity and a relevant key of the 
safety in the shipping industry. However, after several centuries and the huge evolutions of the design, the operation and the performance 
that the tugs have been subjected, there are still no internationally accepted standards to define their characteristics in an objective way. 
This lack of tools to quantify the capabilities of the tugs became even more apparent after the genesis of the escort towing. Therefore, this 
paper provides a general review of the historical evolution of identifying parameters used to assessing the tugs performance. It shows the 
first rudimentary methods as the installed horsepower; the bollard pull (BP), still widely employed, although sometimes wrongly; polar 
diagram of thrust vectors and “butterfly” diagram, which do not take into account the particulars of an assisted vessel; the tons of steering 
pull, mainly for escort tugs and finally, the computer programs. However, despite all computer tools currently available to assess a tug 
performance, most of the classifications societies require the traditional sea trials in order to classify an escort tug with the corresponding 
notation.  
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1. Introduction 

Although there are hardly any written references to the towing operation carried out in ancient times, it is known that in that 
age the rowing boats of the ships were used to assist them in port manoeuvres [1]. In addition, the first civilizations sailed 
through the basins of the great rivers of Mesopotamia and Egypt, and for these cultures, the rivers were a source of wealth 
and a mean of communication. Therefore, the towing of small vessels could also be used as a mean of river transport on the 
Nile, Euphrates and Tigris for at least 4,000 years [2]. 
Before the 19th century, the world maritime traffic was based on sail propulsion, so the port manoeuvres were subject to the 
predominant weather and tides. For this reason, if the wind was not favourable the only possible alternative was to use the 
force of the rowers in calming situations or as a mean of arrival into the mouths of rivers. This made the manoeuvres 
extremely slow or, literally, impossible [3]. At that time, the drift of a ship towards the coast, whatever the reason, could 
trigger a stranding or a grounding with the consequent loss of the ship, the cargo and/or the crewmembers as a result of the 
lack of means to tow and safeguard the ship involved in a dangerous situation. 
The commercial and military needs of the main European powers from the 16th century brought that they competed for the 
dominion of the sea and promoted the construction of ever larger ships with a greater displacement that needed a large 
amount of wind to sail. These wooden masses manoeuvred with great difficulty in restricted port areas, therefore in ports of 
Europe and America the rowing boats were used in order to tow and assist these ships from the anchorages to the areas 
where they were able to use their own means of propulsion and steering [4, 5]. Fortunately, the Industrial Revolution and the 
emergence of the steam boiler gave rise to the genesis of the first tugs, which improved the safety of the navigation 
providing the assistance service close to the port areas.  
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In the 18th century, Great Britain was the main world maritime power and, commissioned by the British Navy, Mr. Jonathan 
Hulls carried out the first known project of a steam tug in 1736. The project used a system of open pulleys that operated a 
series of blades installed in the stern [6], although it was not implemented immediately. The main objective of this project 
was to promote the ship’s construction that, without depending on the winds and the tides conditions, could take advantage 
of the driving force produced by steam boilers to move the large warships from their ports of refuge to open sea in the 
shortest possible time. 
The first known tug in history was the "Charlotte Dundas" built in 1802 and powered by paddle wheels driven by a steam 
engine built by James Watt [7, 8]. The tug, with a length of 17 m and a horsepower of 10 hp, carried out the first and only 
sailing in 1802, which consisted of towing two barges loaded with 70 tons for 19 miles, spending only 6 hours despite 
sailing with a head wind [9]. However, the fear of the farmers about the paddle wheel would erode the banks of the canal 
and cause flooding in the cultivated fields, led to its use being abandoned. 
From this moment, the process of specialization of the towing industry was slow at first, but later it was accelerated as a 
result of increasing of maritime business and technical and economic improvements of its exploitation. Currently, it is a 
lucrative and profitable activity, consolidated and professional worldwide. That is, it can be considered that maritime towing 
is an activity that arises with the application of the steam engine or the boiler to nautical uses [9, 10, 11, 12].  
As mentioned above, the first steam tugs were used to assist the sailing vessels in berthing and unberthing manoeuvres, 
which stopped depending on winds and tides. These adverse weather conditions sometimes caused that the sailing vessels 
had to wait for days, and even weeks, until the conditions were appropriate to access the port area. Therefore, the 
introduction of the towing service represented a considerable time saving for ship owners by reducing the transit time of 
their vessels from open sea to berthing area and vice versa. 
From the appearance of first tugs to the present, due to the evolution of new tug designs and the new operating assistances, it 
became necessary to implement new methods of assessing in order to have a profound knowledge of tug capabilities and 
limitations with the objective of guaranteeing the safety of tugs and assisted vessels. For this reason, the objective of this 
paper is to analyse the historical evolution of the assessing modes of tugs performance.  

2. Identifying parameters 

Although, at present, many people in the shipping industry still consider that all tugs in the market can be useful and safe 
when acting in all assistance modes, it is not correct. In many cases, one can found a harbour tug is being employed as 
escort tug at high speeds, without considering that the safety of the tug itself would be compromised, and as a consequence, 
the safety of the assisted vessel. A vice versa, a specially built tug for escorting may not be efficient for harbour assistance 
due to its large displacement and draft. Therefore, in order to answer what is it the best tug to carry out an assistance and 
then, to assess their capabilities in an objective way, it is necessary to differentiate the main assistance modes, i.e. ship-
handling and escort towing. These differences are reflected in the requirements for operational safety, the reliability from 
the tug and the suitability for rendering assistance [13]. 
The port manoeuvre, called "ship-handling", is the operation by which relatively small but very powerful tugs push or pull 
to the assisted vessel to/from the berth within the port protected areas, at speeds less than 6 knots and according to the 
Pilots' orders. However, the escort towing, as it is currently known, was implemented after the accident of m/v "Exxon 
Valdez" in 1989 and the consequent promulgation of the Oil Pollution Act in 1990 (OPA 90) [14, 15, 16, 17, 18]. This law 
specifies the circumstance in which a tug, specifically designed to carry out its mission, must escort a tanker vessel to 
control the speed and/or the course in the event of a failure in the propulsion and/or the steering system, especially sailing at 
high speeds (above 6 knots) [19]. Therefore, the main difference between "ship-handling" and "escorting" is the speed at 
which the assistance is performed. Hence, the methods used by the tug to carry out one or another task imply that the 
parameters for assessing its efficiency in ship-handling cannot be used for escort assistance and vice versa.  
During the indirect escorting methods, the underwater hull lines and appendices of the tug are mainly used to generate 
forces on the towing line that can be up to 150-200% higher than the bollard pull (BP) in static [20, 21]. Therefore, taking 
into account that the BP is a fundamental parameter when analysing the capabilities of a ship-handling tug, the performance 
of an escort tug should be defined, at least, by the following parameters, which can be used for comparison purposes: 

1. Minimum BP. 
2. Capability to generate escort forces using the indirect method (steering and braking) up to 10 knots, whereas it 
can be seen in Figure 1, the hydrodynamic lift from the tug’s hull will be used to develop a large force for 

54 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 09 Issue 07, July 2022  

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com  

transmitting through the rope into the tow [22]. Actually, these are the most important parameters in the escort 
tugs, indicating the efficiency of the hull and its appendages to generate the necessary hydrodynamic forces, which 
are proportional to the tug's hull underwater area and the square of transit speed [23]. In these assistances, the 
propeller thrust keeps the transverse forces and the longitudinal forces, resulting from the hydrodynamic force on 
the hull and skeg and from the towline force, in balance (CLP is the Centre of Lateral Pressure). 
3. Specifications of the winches and the towing lines to be able to work with the aforementioned forces. 
4. The speed/length ratio, which provides the typical efficiency of the hull speed, dividing the speed by the square 
root of the length in the waterline [24]. 
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Fig. 1. Forces generated by an ASD escort tug assisting a tanker by the indirect mode at high speeds.  

 
In 1975, long before the introduction of OPA 90 and the obligation to carry the escort towing to the tankers vessels in the 
USA, the State of Washington enacted the Washington Tanker Law. That law imposed the obligation to use an escort tug in 
the arrival of oil tankers to Puget Sound with a deadweight greater than 40,000 tons. The aim of this law was to reduce the 
accidents produced as a result of the breakdowns in the propulsion and/or steering systems that had originated large oil 
spills in that area. For this purpose, the horsepower of the tug, expressed in hp, should be at least 5% of the deadweight of 
the assisted vessel. The American company Foss Maritime was the first to escort the first oil tankers by express mandate of 
the State of Washington [25]. 
With the genesis of the escort towing and its assistance methods at high speeds, the installed horsepower and the limited 
underwater shapes would seriously jeopardize the safety of the conventional tugs. In response to this situation, during the 
1990s the towing industry reacted by designing and building larger, more powerful and safer tugs, which also brought with 
it a new way of defining their capabilities [9]. 
In the following sub-sections the present paper include the different solutions implemented by the towing industry over the 
years to the present time in order to identify the best parameters which define the tugs capabilities.  
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2.1 Solution 1: Horsepower  

Historically, the performance of the tugs was defined by scalar measures such as horsepower and/or the static BP. However, 
the installed horsepower is a magnitude that does not allow differentiating the type of tug and the BP only differentiates its 
capabilities at zero speed. Therefore, a diagram like the one shown in Figure 2 depicting the pull on the towline with respect 
to the speed is only useful to assess their capabilities when the tug works in one direction, which is usually straight ahead 
[26]. However, from this diagram some data such as the BP ahead, the free sailing speed and the towing speed could be 
obtained. 
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Fig. 2. Towing line pull vs. towing speed [26]. 

2.2 Solution 2: Bollard pull 

One of the functions of port authorities is to guarantee the safety and efficiency of port traffic, which includes the towing 
assistance to large vessels during the transit and the berthing and unberthing operations. To carry out this task, they 
sometimes use the most powerful tugs available on the market despite the costs of future maintenance and fuel consumption, 
that is, regardless of the economic costs of their operation [23]. Usually, in these cases the main design parameter required 
of the ship-handling tugs is the tons of BP, defined as the maximum static force (thrust) exerted by the tug on a fixed towline 
[27, 28]. However, due to the different tugs types available on the market, there are different horsepower margins when 
regulating the operation of the main engine. Therefore, depending on the operation and the type of propulsion, an estimated 
BP different can be achieved with the same power rating. Hence, more attention should be paid when publishing data 
referring to BP, making sure, for example, if it refers to a continuous power of the engine or a specific peak value. In any 
case, the certificates issued by the classification society should be studied in detail and verified with truthful information. 
If the ship-handling tugs are also intended to escort large vessels through restricted areas and at high speeds, the 
hydrodynamic lateral force of the tug hull in its displacement with an angle of attack with respect to the water flow is more 
important than the BP. This hydrodynamic force is proportional to the underwater area and to the square of the speed, far 
exceeding the only action of the thrusters. Therefore, escort tugs are classified and certified by the classification societies in 
a different way. In this process, BP is just one more parameter used to determine the effective pull that a tug can generate 
with different angles of attack with the direction of water flow and at different speeds through the water. 
Despite the above, for many past decades and even nowadays, an important portion of the towing industry considered the 
BP as the most important parameter that defines the characteristics of all types of tugs [13]. However, universally accepted 
rules were never used for its measurement, mainly due to the lack of a common regulation, which made it impossible to 
make an objective comparison between tugs [28].  
On one hand, going back to its beginnings, from the first steam-powered tugs until the 1960s, the tugs were defined 
according to their horsepower (hp), but the increase in size of the assisted vessels, which did not correspond to the growth of 
size of the ports, meant that the operations were carried out in increasingly restricted areas. This led to an increase in the 
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capabilities demanded of the tugs and gave rise to the genesis of omnidirectional propulsion tugs, which went from having a 
BP of just 50 tons in the middle of the last century, to widely exceed 100 tons at the present time. 
On the other hand, initially the single screw open propellers provided sufficient thrust to tow the sailing vessels and the 
steamboats to and from port. Following the advent of Kort nozzles, and the increased thrust capability that this entailed, the 
towing industry suddenly began to speak in terms of "propeller thrust" rather than the horsepower of the installed main 
engine. Therefore, it was from the end of the 1960s when the ship owners began to use terms such as BP obtained 
theoretically or through rudimentary tests [29]. The first registration of bollard pull test was made in Australia in 1981 by an 
independent third party; a few years’ earlier tests were registered in the UK and there is no record of the first tests registered 
in the USA. As the tugs increased in horsepower, the classification societies began to include in their guidelines on how to 
calculate the BP. This task was led by Det Norske Veritas (DNV), which promulgated its guidelines in the late 1970s, and 
by American Bureau of Shipping (ABS). Originally, in the absence of consolidated guidelines, the towing industry followed 
the Code of Procedure for Bollard Pull Trials of Tugs of 1961 issued by the BSRA (British Ship Research Association).  
With the genesis of the omnidirectional tugs and a very high installed horsepower, BP became even more relevant, mainly 
because many operators mistakenly use this parameter as the only comparative tool between tugs and, in spite of this, there 
is no common standard for testing. Therefore, although the tugs have been in use for many decades, there is no suitable 
standard for BP measurement. Despite this, the value of the BP must be documented in a Bollard Pull Certificate because it 
plays an important role in the sale and commercial performance at the time of signing the towing contracts, despite the fact 
that it is not always reliable information [30]. 
As BP measurement is influenced by the interaction between the propulsion and the forces acting on the tug underwater 
hull, its value can only be determined in full-scale test and, even so, its measurement is not an exact science [31]. Its reading 
can be affected by the weather conditions (current, tide, wind and waves), the tug conditions (trim and draft), the water flow 
around the tug hull and the water flow through/under the jetty, the bollard position in port basins, the seaworthy conditions, 
the inaccuracy in the measurement of shaft power, the load line, the towline length, etc. All these circumstances give rise to 
different classes of BP, some of them are the following: sustained BP, maximum static BP, marketing BP or Brazilian BP 
[28]. As a result, the BP certificate issued, which is the key to many towing contracts obligations, is not always accurate. 
Although the classification societies issue these certificates, their classification and notation processes are often guided 
mainly to the safety of the equipment and not to the towing performance of tugs. This aspect entails that towing industry 
needs reliable and transparent guidelines for testing that will serve as a standard in the future. 
Despite BP was the only parameter used for many decades in order to assess the performance of the tugs, there is no 
internationally accepted regulation that includes common criteria on the method of carrying out the tests. Therefore, we can 
find different procedures depending on the classification society [29]. However, several attempts were made to legislate 
these tests, as it was demonstrated in the trial proposed by Steerprop in ITS 2002 [28], for which it issued a code of 
procedure that is used quite regularly, although without being binding. In 2016, MARIN launched a Joint Industry Project 
followed by more than 30 companies trying to set up clearly the objective conditions and scientific proof of the tests which 
enable to ensure that the performance of a tug in service conditions [13].  
Sometimes, to know the minimum BP that a tug must have, a simple graphical representation is enough. In this graph the BP 
of the tug is shown in relation to the size of the assisted vessel (displacement), and curves represent the different loading 
conditions. In the past, these graphs were made based on the historical empirical experience of tugs of different size that 
previously were able to tow successfully [32]. Nowadays, there are different formulas depending on the classification 
society [33]. 
As previously mentioned, and with the genesis of the escorting operations, it was soon shown that BP is not the only 
parameter that allows us analysing the full characteristics of tugs, nor can it be used for comparative purposes between 
different tugs [32]. BP is determined at zero speed, therefore it is understood that if the tug has a certain speed over the 
water, the result will be different, mainly because at each speed the hydrodynamic resistance consumes different energy. 
Therefore, at zero speed over the water, the 100% BP is obtained, and at a maximum speed over the water, the 0% BP, as it 
can be shown in Figure 3. 
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Fig. 3. Bollard pull vs. speed [31]. 

An important aspect is the BP prediction at the design stage of the hull and the thruster, since naval architects have to ensure 
that a certain BP is achieved during the sea trials. For this reason, nowadays CFD (Computational Fluid Dynamics) 
programs are used in order to evaluate, during the tug project stage, all relevant parameters: main engines, horsepower, BP, 
stability, thrust at different speeds over the water and angles of attack of the water flow. This assessment makes it possible 
to predict the behaviour and efficiency of tugs to perform effectively the tasks required by the owner as per the contract 
specifications [13, 30]. However, the interaction with the hull is usually estimated by a thrust deduction factor based on 
model tests or empirical data. In general, comparing BP test results with data obtained from CFD and model tests shows that 
there are significant scale effects in model tests.  

2.3 Solution 3: Polar diagram of thrust vectors 

Regarding of performance of tugs during ship-handling operations, throughout the 1970s and 1980s, in addition to the 
concept of the BP, a major breakthrough occurred. The state-of-the-art began to describe the tug capabilities based on the 
polar diagrams of thrust vectors, described by W. Baer [34] as a very useful tool for comparing the different types of tugs. 
Figure 4 shows the polar diagrams of thrust vectors of different types of tugs. This Figure shows that both Voith tractor and 
Azimuth Stern Drive (ASD) tugs generate an omnidirectional thrust, and their magnitudes depend on the direction in 
relation to its centreline. However, the conventional tug is only able of generating forward and stern thrust, and these 
magnitudes depend on the installation or not of a nozzle. The percentages of thrust shown in these diagrams are not 
representative for all tugs, but differences in design and/or equipment can involve small variations. In any case, for the 
purposes of this paper, the shapes of the diagram are very similar to those depicted. 
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Fig. 4. Polar diagrams of thrust vectors of tugs with different propulsion [14, 35]. 

The shape and the area of the polar diagrams of thrust vectors provide a realistic prediction of tug efficiency in relation to 
two relevant aspects. On the one hand, the shape gives an idea of the time required by the tug to move from one position to 
another and, on the other hand, the size of the area allows predicting the amount of thrust that can be transmitted to the 
towing line. Therefore, if the diagram has a relevant area and, more or less, a circular shape, it is possible to establish that 
the tug’s manoeuvrability allows it to incur very small losses of time changing from one position to another and, at the same 
time, it is able of transmitting large forces to the assisted vessel in any direction. However, the polar diagram has two 
important handicaps to make an accurate description and a real comparison among the most modern tugs: 

1. It represents only the tug capability at zero speed and; 
2. Thrust capabilities are represented in a coordinate system referenced to the tug itself, instead of being 

referenced to the assisted vessel [25]. 
For this reason, although these diagrams can be valid to analyse the abilities of tugs in ship-handling at very low speeds, 
they are not useful when the assistance is carried out with an important forward speed and, much less, in escorting 
operations. Therefore, the diagrams provide an idea of tugs manoeuvrability, but they are not useful for the ship owner of 
the assisted vessel, because what they need is real information on the forces that the tug can generate and transmit through 
the towing line at any directional and speed. In this way, knowledge of the forces generated on the assisted vessel, 
represented in a coordinate system referenced to the vessel itself, instead of the tug coordinate system, is essential in escort 
towing at high speeds. 
It is useful to bear in mind the form that the polar diagrams of thrust vector would have if it was transformed to represent the 
forces capability in assisted vessel coordinates. In an early stage, we could consider that it would take a very simple form, 
specifically a circle with a radius equivalent to BP. Therefore, considering this diagram and at zero speed, one could think 
that the tug could be placed in a position respect to the assisted vessel where it could apply its bollard pull in any desired 
direction. However, in a Cartesian coordinate system of the assisted vessel having a defined forward speed, the force 
generated by the tug acting in an emergency and transmitted through the towing line, is decomposed into two components. A 
longitudinal component, which corresponds to a braking or retarding force, will tend to reduce the ship's speed and; a 
transverse component when the tension on the towing line makes an angle with the centre line of the assisted ship. This one 
corresponds to a steering force used to alter the vessel course heading it to a safe area, to help it reduce the forward speed 
or, to counteract the effects of its rudder blocked into a side, as it is shown in Figure 1 [36, 37, 38, 39]. 
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2.4 Solution 4: “Butterfly” diagram 

The introduction of escort towing at the beginning of the 90s of the last century triggered new requirements for tugs 
dedicated to carry out these operations with dynamic methods at very high speeds (up to 10-12 knots). Specifically, naval 
architects had to redefine, during the design and the building stages, how to assess the tug capabilities, satisfying these new 
demands of towing industry. This triggered the need to know the assistance forces that a tug can transmit to the escorted 
ship throughout the speed range, from zero to 10-12 knots, since at high speeds the tug can transmit steering forces of up to 
2 or 2.5 times the static BP [40]. However, in the early years these needs could not be satisfied so easily due to the lack of 
sufficient technical knowledge, which required a scale model testing. For this reason, in 2001 the company of naval 
architects The Glosten Associates, Inc. published a research where, for the first time, it was represented the forces generated 
by a real escort tug referred to the assisted vessel's coordinate system, thus overcoming one of the drawbacks of the polar 
diagram of thrust vectors [41]. This new diagram, which nowadays is quite usual, is known as “butterfly” diagram because 
of the shape it takes. Introducing the speed and the “appearance” of the tug in the diagram, it is easy to read, on the abscissa 
axis, the magnitude of transverse forces (steering) and, on the ordinate axis, the longitudinal forces (braking), generated on 
the assisted vessel at 360º and throughout the range of escort speeds.  
As a background of this diagram to assess the capabilities and the limitations of escort tugs, the following two items must be 
highlighted: 

- In an attempt to improve the state-of-the-art and thus, the safety of navigation, in Washington State the companies 
ARCO Marine and Foss commissioned in 1990 a research from The Glosten Associates to analyse the capabilities 
of different tugs based on actual information obtained from models. Very soon raised the need to calculate the 
forces generated by the tugs located in different positions with respect to the assisted vessel ("aspect") while it had 
forward speed [25]. These simulations were carried out at the Marine Research Institute Netherlands (MARIN). 
The initial shape of the “butterfly” diagram obtained at highest speeds was rather erratic, among other reasons, 
because these preliminary studies did not take into account the interference of the forces created between the tug 
and the assisted vessel, or the water flow around both the underwater hull and the tug propellers. This “butterfly” 
diagram was made for the first time for the tractor Voith “Lindsey Foss”, the first tug in the world built specifically 
for escort operations in 1994 [19]. 

- In 1997, the dynamic performance (steering and braking forces) for a Voith tractor tug was also expressed in a 
shape of “butterfly” diagram, obtained by computer simulation, although only at speeds of zero, 5 and 10 knots 
[40]. 

Figure 5 shows the “butterfly” diagram of the Voith tractor escort tug “Ajax”, where the symmetry of the transverse forces 
generated to port and starboard side can be appreciated. Obviously, in static condition (zero speed), it provides identical 
capabilities in an omnidirectional way with a shape of circumference. 
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Fig. 5. “Butterfly” diagram of the escort tug Voith “Ajax” [42]. 
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The same as the BP, the results obtained in “butterfly” diagram can be different depending on multiple variables since, for 
example, other more recent sources, even of manufacturer Voith [43], attribute to the same tug “Ajax” considerably better 
characteristics (e.g. the maximum steering force at 10 knots changes from being less than 120 tons to 160 tons). This shows 
that it is a method that, depending on the applied procedure and the imposed limitations (as, for example, the stability), the 
obtained results can be significantly different. This is a circumstance that can decisively affect the viability of using or 
discarding a specific tug in an operation based on safety criteria. 
The results obtained with model tests and extrapolated to real scale (using, for example, the Froude method) show that they 
are not always the same exactly. The “butterfly” diagram of Figure 6 refers to the pure indirect method of escort towing for 
a yaw angle (angle of attack with respect to the centre line of the assisted vessel) of up to 50º. There, it is shown a good 
match between both up to a yaw angle of 40º, from which the stall takes place in the scale model. In the real scale 
simulations, the stall occurs at a yaw angle between 45º and 50º, which means that the steering forces in the model 
simulations are 11.6% lower than in the real-scale simulations [44]. 
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Fig. 6. “Butterfly” diagram of the escort tug ASD “Irshad” employing the indirect pure method with model scale and full-scale simulations [45].   

2.5. Solution 5: Tons of Steering Pull (TSP) 

The “butterfly” diagram is a system of Cartesian axes referenced to the assisted vessel, but without specifying, for example, 
its size, its displacement and its manoeuvrability. Therefore, the assistance forces generated by an escort tug can be 
sufficient to assist a particular vessel, but not to another, which would seriously jeopardize the overall operation safety. As it 
can be observed in Table 1, each vessel has particular steering characteristics that depend on the speed and the rudder angle. 

Table 1. Steering rudder in tons for different oil tankers [13]. 
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For this reason, the IMO promulgated the guidelines “Standards for Ship Manoeuvrability” [24, 46], and published some 
graphs showing “Tons of Steering Pull” (TSP) that are necessary to counteract the forces generated by the rudder of 
different vessels and sizes (oil tankers and LNG carriers) sailing at 10 knots [47], which are shown in Figure 7. These TSPs 
indicate the maximum steering force (expressed in tons) exerted by the towing line of an escort tug acting on the stern of the 
assisted vessel in order to control its transit. These graphs are very useful since they can be used to predict, even in an 
estimated way, what is the maximum size of vessels that escort tugs can assist, taking into account that the TSP generated by 
a tug is known according to the criteria and the sea trials of the classification society. In the same way, if the size of the 
assisted vessel is known, the minimum TSP that a tug must be able to develop in order to assist the steering forces of that 
vessel defined by the IMO resolution [46], can be read on the ordinate axis. 
 

0

50

100

150

200

0 25 50 75 100 125 150 175 200 225 250
0

50

100

150

200

0 50 100 150 200 250 300 350 400

Size of Gas Carrier (m³ x 1000)

TS
P 

re
qu

ire
m

en
t (

to
ne

s)

Tanker size (tdw x 1000)

TS
P 

re
qu

ire
m

en
t (

to
ne

s)

Required tug TSP to escort LNG carriers at 10 knots Required tug TSP to escort oil tankers at 10 knots

 
Fig. 7. TSP required an escort tug in order to assist with an indirect method to LNG (left) and oil tankers (right) sailing at 10 knots [46].  

 
Other references point out that, in certain cases, the IMO guidelines of minimum TSPs can be somewhat excessive. 
Therefore, the final decision regarding BP and general design of the tug will be the responsibility of the naval architects, 
who in turn will be guided by the size, the speed, the loading condition, the geographical area and the operating conditions 
of the escorted vessels, although always complying with the current legislation. Thus, once again it becomes clear that BP is 
not very relevant when the assisted vessel has a certain forward speed, since tugs with a BP of 68 tons can develop up to 
170 TSP sailing at 15 knots (“Boxer”), or simulations where tugs with 125 tons of BP developed 230 tons of TSP. 
 

2.6. Solution 6. Computer prediction programs 

As it has been shown, nowadays in the early design stage and even before starting the initial project it is necessary to make 
predictions of tugs capabilities (especially in the escort fleet). For this task, it is essential to use CFD prediction programs in 
order to know if a design will meet the established criteria previously [48]. 
In the past, design strategies were largely based on model tests. In the mid-1990s, the main method of validating a ship's 
capabilities was through model testing in towing tanks. However, the genesis of CFD programs has provided naval 
architects with a tool to carry out more advanced pre-building tug performance studies, with more frequency and extent than 
before. Although the model tests are still carried out as the definitive method to accept the capabilities of ships, since the 
early 20th century this role has also started to change towards validation through CFD methods [44, 49].   
CFD, used to assessing potential flow calculations, has many advantages over model testing, such as the ability to perform 
scale and strength studies at full scale, eliminating the errors associated with scaling effects; the ability to calculate the 
pressure and the shear forces separately; as well as the flexibility to test different hull configurations and conditions without 
the expenses of building different models [44]. From 2010 onward, CFD allows also to make viscous flow calculations to 
investigate the complex turbulent flows generated during a tug performance along the hull’s length. This tool, although it 
involves greater complexity to the simulations, is very useful especially to calculate the flow distribution around the tug 
underwater body and appendages in indirect modes of escorting.    
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It is very important for tug owners to consider all aspects (operational and economic) at the design stage in order to achieve 
tugs that meet the characteristics required in the contract specifications, which are essential to profitable economic 
operations. For this task, it is important to be able to predict the achievable escort forces and to have the necessary tools to 
study the influence of different tug configurations. In particular, shipyards such as Damen (Damen Research) developed 
computer programs such as "TugSim Visualiser" in cooperation with the Delft University of Technology and MARIN, 
which make it possible to calculate the escort forces on the towline and the behaviour of the tugs [13]. It is a fundamental 
tool to optimize the tugs design in such a way that it is fully defined before the start of building. These programs use basic 
hydrodynamic theory regarding the hull shape, the keels, the bilge keels, and the thruster forces. In combination with the 
information of the propulsion and the towing point position, it provides the maximum steering and the braking force in each 
direction, thus being able to draw a graph for each escort speed, in which the steering and braking forces are represented in 
a Cartesian axis system. 
As one more example of the trend in the towing industry towards this new technology, in 2013 the classification society BV 
approved a CFD software for predicting the steering and the braking forces, as well as the stability of the escort tug (in 
accordance with the requirements demanded by the classification society). It was developed by Robert Allan Ltd. as a basis 
to formally guarantee the notation of the “Escort Tug” Class in a computerized way [50]. The development of this first CFD 
program authorized by the classification society was a complex work. The difficulty was that the results of the model or full-
scale tests were not available for each type of tug analysed, since in the prediction process the forces generated by the hull, 
the propellers, the towline, the balance angle of attack and the heel of the tug in all operations must be known. However, 
once developed it is a very useful prediction tool to the tug owner in the early design stages, without the delays, the 
complexity and the high costs of testing models and real scale. Another particular case is Lloyd’s Register, which through 
the ShipsRight. Design and Construction (May 2016) provided guidelines for CFD escort performance. However, there are 
already some tug performance prediction tools approved by the main classification societies on the market which allow 
replacing the model tests or full-scale tests needed to obtain the escort notation [13].   

3. Classification societies’ role 

In USA the federal, the state and the local regulations impose the assistances and the characteristics that the tugs charge of 
escort towing must meet [13], while in European ports there is no government regulation that regulates these operations, so 
it is regulated by the port authorities or the terminals. This is the case of the Scottish Sullom Voe terminal, one of the 
terminals with the longest historical tradition of escorting operations and which has an advanced response plan for possible 
spills [21]. In view of this, the classification of societies’ role is fundamental.  
Escort tugs, like all other vessels, to be classified by a classification society must meet certain minimum requirements. At 
the same time, they have to satisfy the international maritime regulations and the country’s legislation where they provide 
the services or are flagged. Therefore, one can find that, depending on the place of building, the type or the place of 
operation, and the classification society, they can be built following one or another regulation, which causes that sometimes 
the minimum safety conditions are not reached [51]. 
In 1996 the classification society Det Norske Veritas DNV (currently known as DNV·GL, as a result of its merger with 
Germanischer Lloyd, GL) published a series of specific standards for the escort tugs with the notation "Escort Vessel" or 
“Escort Tug”. Until then, there was no regulation that established a specific notation referring to these tugs, which would 
determine their ability to carry out this type of manoeuver [13]. These Rules refer to the safety and the stability conditions 
of the tug, and define the maximum steering force that a tug is able of transmitting to the assisted vessel at speeds of 8 and 
10 knots. 
Nowadays, the Class notation as escort tug is provided by different classification societies such as BV, Lloyds Register 
(LR), American Bureau of Shipping (ABS), Italian Navale Registry (RINA) and DNV·GL. The notation usually reaches 
three aspects; (1) the strength and the suitability of towing equipment (winch, lines, staple, etc.); (2) the performance of the 
escort assistance (maximum steering and braking force) and; (3) the limits of the escort operation (speed, maximum tension 
in the towline and maximum angle of heel). 
Fortunately, and unlike what happens with the BP, in the last decade the classification societies have made an important 
advance in the sense of harmonizing the different stability requirements to reach the escort class. In this way, currently any 
escort tug, regardless of the society in charge of classifying it, it is measured with the same stability criteria. This allowed 
companies such as Robert Allan Ltd. to develop and refine CFD programs to determine hydrodynamic performance in 
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generating the steering and braking forces of tugs at different speeds. These results are usually shown in a “butterfly 
diagram”. 
In the same sense, and trying to harmonise a common evaluation of escort tugs, The Glosten Associates, Inc. in cooperation 
with several representatives of towing industry developed and published in 2015 an American Society for Testing and 
Materials (ASTM) standard for escort tugs, entitled “Standard Guide for Escort Vessel Evaluation and Selection”. This 
guide is very useful for the evaluation and selection of this type of tugs [13]. 

4. Conclusions 

In the paper, the historical evolution of tug capabilities assessment has been analysed from the first tugs in history to the 
present. Over the years, and with the emergence of new tug designs and the new operating modes (escort towing), it became 
evident the need of new tools to quantify the efficiency and performance of tugs in order to guarantee the safety of 
assistance operations. Consequently, different solutions were proposed by the towing industry.  
The firsts analysed solutions were the installed horsepower of the engine and the BP, but relating the horsepower of the 
engine and/or the static BP developed versus the deadweight of the assisted vessel is too simple and, what is worse, has a 
relatively high probability of being incorrect; since the horsepower does not allow to distinguish the type of tug, and the BP 
refers to a single condition, i.e. towing in one direction (usually straight ahead) and at zero speed.  
The next stage in the state-of-the-art was the polar diagrams of thrust vectors, but are only useful to show the capabilities of 
the tug with respect to its own Cartesian coordinate system and in static condition. Therefore, the comprehensive analysis of 
the performance characteristics of a tug in all its modes of operation and conditions, as well as its influence on the assisted 
vessel, become critical.  
Therefore, in order to link together the generated forces by the tug with respect to a Cartesian system of the assisted vessel, 
it was published the “butterfly” diagram. However, as this diagram does not differentiate between the different ship’s 
particulars of the assisted vessels, the graphs of Tons of Steering Pull published by IMO become essential in order to ensure 
the safety in escort assistance. Furthermore, these TSP graphs can be valid even to determine, in the design stage, the 
minimum characteristics that a tug must meet (minimum TSPs) in order to provide safe assistance to the maximum size of 
ship that pretends to operate in a certain terminal. Nowadays, fortunately all this information would be supported and 
validated by computer programs before starting the tug building but still, in many cases, a full-scale trial is required by the 
classification societies in order to reach a certain notation.  
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