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Abstract. Tug assistance in ports for increasing ship maneuverability, mooring and unmooring operations is a
very important issue. New tugs are given increased possibilities; nevertheless, at the same time, work methods for tugs,
including advantages and disadvantages must be carefully studied, evaluated and practically applied.

The article presents the results of the carried out research on the work methods of a new type of tugs, thus offer-
ing recommendations for how to avoid drawbacks of working with new tugs during ship mooring operations.
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1. Introduction

An increase in ship parameters requires more assistance
of tugs to enhance maneuverability as well as mooring
and unmooring operations in ports (Baublys 2003). New
ship sizes such as PANAMAX, POST PANAMAX, POST
PANAMAX Plus and finally Mega ships have been built
during the last decades. However, at the same time, port
channels and water places have not progressed as fast
as the parameters of ships (Paulauskas 2004), which re-
quests more tug assistance, the use of new towing meth-
ods and new types of tugs having wider possibilities of
maneuvering, for example, an azimuth rudder-propeller
system (‘Azipod systenr’) and new more accurate navi-
gational systems in ports, including real time kinematics
(RTK), lasers etc. (Paulauskas, V., Paulauskas, D., 2009;
E-Sea Fix navigation system 2003).

Simultaneously, a number of new powerful tugs
and work methods for tugs face advantages and disad-
vantages that must be carefully studied to make them
more effective in using tugs and increasing their pos-
sibilities. Theoretical investigations into the new types
of work methods for tugs in ports, experimental tests
on real ships and calibrated simulators were the main
research direction to prepare a methodology of calculat-
ing tug towing power under real conditions, which is an
important issue and the need for future investigations
and practical calculations of tug bollard pull.

The article focuses on the situation of work meth-
ods for tugs in ports, discusses a theoretical basis for
calculating tug bollard pull, examines experimental and
testing results and provides conclusions.

2. Using Tugs in Ports

Ports use conventional and new tugs equipped with ‘Azi-
pod systems’ for increasing the maneuverability of ships
entering the port and for ships conducting mooring and
unmooring operations. Old conventional tugs mainly
apply short tug lines for increasing ship maneuverabil-
ity, and therefore are used for pushing ships. This towing
system is not flexible enough as it requests more water
areas near quay walls, more wide channels etc.

New tugs equipped with ‘Azipod systems’ (‘tractor’
type) have a greater number of maneuvering possibili-
ties and can move in any direction with more or less the
same pull or pushing power (Fig. 1).

Fig. 1. A new type of tugs used for ship mooring operations
applying the push/pull method
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Nowadays, tugs equipped with the Azipod system’
and propulsion systems of vertical wings frequently use
the push/pull method to provide assistance in ship ma-
neuvering that requires less water area. This means that to
turn or move to/from the quay wall within limited port ar-
eas is a big advantage to the maneuverability of big ships.

To provide assistance in ship maneuverability, for
tugging, conventional tugs mainly employ the system of
short ropes, which needs more space (water area) and
in many cases, a longer period of time for changing the
moving direction of the ship (Paulauskas 1998). Fig. 2
displays the method of short lines of tug towing that can
be used by any type of tugs.

Fig. 2. The method of tug towing using short ropes can
be used of any type of tugs

At the same time, towing methods include both
advantages and disadvantages, particularly in the case
of towing big draft ships and used tugs having limited
possibilities of push/pull force.

Theoretical and practical investigations into advan-
tages and disadvantages of the new type of work meth-
ods for tugs in ports, especially the method of assistance
in tug pushing/pulling, are very important for the cor-
rect and optimal use of the new types of tugs providing
assistance in ship maneuvering and mooring.

3. The Theoretical Basis for the Method
of Tug Pushing/Pulling

The method of tug pulling/pushing could be used for
a number of ship maneuvering operations in port ar-
eas (Fig. 3), because the technique requires less water
area, and therefore maneuvers could be initiated during
a shorter period of time and take better control from
the ship bridge over the tug working process (BS 6349-
1:2000; BS 6349-4:2000; Criteria for Movements... 1995;
Guidelines for the... 2002; Recommendations of the
Committee... 2006).

The force for tug pulling/pushing could be calcu-
lated as follows:

Fp =K, -p-n?-D}(1-t') =Ry, (1)

where: K; - the propeller coefficient for practical cal-
culators can be accepted as 0.20+0.22; p — water densi-
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ty, kg/m3; n - propeller revolutions, s71; D, - the diam-
eter of the propeller, m; t - the coefficient of propel-
ler propulsion for practical calculations can be agreed
as 0.15+0.20; Ry - tug resistance when speed is very
low (ship mooring or unmooring conditions), Ry is
close to 0.

When applying the push/pull method, a tug and
a ship are linked close to each other. In the case when
the tug is pushing the ship, the force of pushing is equal
to the calculated formula (1). In case of ship pulling,
two very important elements must be taken in account
(Cakmak, Ers6z 2007; Paulauskas et al. 2008, 2009; Pau-
lauskas 2010):

« the vertical angle of the tug line;

o the effect of the water flow produced by the screw

propeller on the ship board.

The vertical angle of the tug line decreases horizon-
tal tug power as shown in Fig. 4 and can be calculated
as follows:

E, =E;sina, )
where: a - the vertical angle of the tug line.

It is also necessary to consider an increase in the
length of the tug line.

Fig. 3. The method of tug pushing/pulling used for ship
mooring operations
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Fig. 4. Vertical angle o and changes of the tug rope.
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An increase in the length of the tug line when us-
ing synthetic ropes could reach up to 20%; in such case,
changes in the vertical angle could be calculated as fol-
lows:

o, =arcsin 21 3)
where: i - height between tug winch and ship tug line
fixed on the cross point of the board; I - the original
length of the tug line.

In some ports, during pulling operation when us-
ing the method of tug pulling/pushing the distance be-
tween the ship and tug increases up to 10+15 m (using
tug winch). In such case, angle o; can be calculated as
follows:

h

o, =arctg s (4)

Changes in the distance between the tug and effect
of ship board are used frequently on tugs to increase the
force of tug pulling.

The flow produced by the screw propeller and
caused by the effect of the stern screw of the propeller
usually is not taken into account in many cases; howev-
er, this effect could have a considerable influence on the
force of tug pulling. Jet velocity caused by the rotating
screw, the so called induced jet speed, can be calculated
in the following way (Recommendations of the Com-
mittee... 2006):

vo=16-n-D,, kr s (5)

where: k1 — the thrust coeflicient of the screw that could
be taken for study case 0.30+0.40.

The distance of the induced jet speed for tugs can
be calculated as follows:

v(') =k, vy, (6)

where: k, — the coefficient of the induced jet speed de-
pends on the diameter of the tug propeller and the dis-
tance between the propeller and checking point (ship
hull) and was received conducting theoretical investiga-
tions and experimental tests on real tugs presented in
Fig. 5.

The induced jet speed produced by screw propellers
used in tugs directly influences ship hull (create resist-
ance depending on the hull shape of the pulled ship)
square affected by the induced jet (Fig. 6), which is equal
to the square of the crew propeller and can be calculated
as follows:

2
A= n(%j . (7)

Additional force created by the screw propeller can
be calculated as follows:

F'=Cy'§'A'(v('))2~np, (8)

where: C, - the hydrodynamic coefficient taken from 0.5
to 2.0 (2.0 is used in case if the screw propeller acts in a
perpendicular manner to the ship hull as to the vertical
wall, which conforms to the pulled ship having high-
draft); n, - the number of tug propellers.
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Fig. 5. The coeflicient of the induced jet speed depends on
the diameter of the tug propeller and the distance between
the propeller and checking point (ship hull)

Fig. 6. Ship pulling by tugs applying the push/pull method

Finally, the total force of tug pulling employing the
pull/push method when the tug is located close to the
ship can be calculated as follows:

ZFT:FT~c050L—Cy-%~A~(v('))2-np. 9)

The last formula shows that if the vertical angle of
the tug rope is very big (close to 90°), pulling force could
be very low or in some cases could make a negative ef-
fect, which means that the pressure force created by the
screw propeller on the hull shape of the pulled ship can
be greater than that used for towing a tug boat).

4. Test Results and Analysis

For practical study, real ships that make mooring and
unmooring operations in Klaipeda port applying “Trac-
tor’ tugs on the basis of real experimental results and
using SimFlex Navigator Simulator (SimFlex Navigator
Simulator 2009) were calibrated. The quay walls located
perpendicularly to the current direction were used for
conducting a test applying SimFlex Navigator Simula-
tor and a container vessel the overall length of which
was — 215 m, width - 32.2 m, draft - 9.5 m and dis-
placement - 39740 m>. For mooring operations, 2 “Trac-
tor’ tugs, having 300 kN pull force each were employed.
During unmooring operations, tugs used the push/pull
method and short ropes. The current speed towards the
quay wall was 0.5 knots when tugs referred to the push/
pull method (Fig. 1) and 0.8 knots when tugs used short
ropes for tug towing (Fig. 2).
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Figs 7-9 present testing results when tugs use the
push/pull method depending on time (vertical line in
Fig. 8 shows actual ship position in Fig. 7). Vertical an-
gles of the tug ropes made 65 degrees in the fore and 60
degrees in the aft of the ship.

Under similar environmental conditions (current
flows with a speed of 0.8 knots to the quay wall), the
same tugs and short ropes were applied for pulling the
container vessel from the quay wall. The obtained results
are presented in Figs 10 and 11.

Fig. 7. A container vessel unmoored by two tugs using
the pull/push method
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tug_force[1] - Wector Tug 1: -20.3t
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tug_force[2] - Wector Tug 2: -25.8t
Drift, fore: -0.0 mfs
Drift, aft: 0.1 mis

current_speed: 0.3 m/s

Fig. 8. The movement of a container vessel from the quay
wall (drift), tug pulling force and data on the current speed.
Up to 6.00 minutes, the current speed was 0.8 knots, later -

decreased up to 0.6 knots. The vertical line in Fig. 8
(time: 12 minutes) shows the position of the container
vessel presented in Fig. 7
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Fig. 9. The tug pulling force (Fy) of 300 kN (red line) de-
pending on propeller revolutions and the total tug pull-
ing force ) F, (yellow line) using the pull/push method
when the vertical angle of the tug line - 60°, the diameter
of the tug propeller — 2.0 m, the number of propellers - 2,
the distance between tug propellers and ship hull - 25 m

Fig. 10. A container vessel unmooring operation employing two
tugs and using the method of applying short ropes for tug towing

00:05:00

—— tug_force[1] - Vector Tug 1: 304t
—— tug_force[2] - Vector Tug 2: 305t
——— Durift, fore: 0.2 mfs

Drift, aft: 0.0 mfs

—— current_speed: 0.4 mis

Fig. 11. The movement of a container vessel from the quay
wall (drift), tug pulling force and data on the current speed.
The current speed was 0.8 knots. The vertical line in Fig. 11
shows the position of a container vessel presented in Fig. 10
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The carried out tests fixed time, the speed and ac-
celeration of a container vessel and provided a compar-
ison with calculation results. As shown in Figs 8 and
11, in case of using the method of applying short ropes
for tug towing, within 3 minutes, the container vessel
reached a higher drift speed rather than when employ-
ing the pull/push method within the period longer than
10 minutes under the same environmental conditions.

5. Conclusions

1. New tugs can work more flexibly with ships to in-
crease their maneuverability in mooring and unmoor-
ing operations; however, simultaneously, disadvantag-
es caused by work methods should be deeply studied
taking into account the obtained results.

2. In case of pushing a ship to the quay wall or con-
sidering other conditions, the method of tug push-
ing/pulling can be very effective and the force of tug
pushing is equal to the maximum force of tug pulling
calculated using formula (1).

3. The coeflicient of the induced jet speed depends on
the diameter of the tug propeller and the distance be-
tween the propeller and ship hull when a big draft of
the towing ship received in this study could be accept-
ed as the basis for calculating the forces of tug pulling.

4. When a ship is pulled from the quay wall against the
current and wind in case of limited tug pulling pos-
sibilities, depending on the vertical angle of the tug
line and the distance between the tug propeller and
ship, the pulling force of the tug could be very weak
and in some cases have a negative influence on the
ship, as explained in Fig. 9. The pulling forces of the
tug depend on the draft of the pulled ship and hull
shape in the place where the tug to the pulled ship
appears. In case of the low effectiveness of the tug,
to pull a ship, it is necessary to use other methods of
work, for example, short ropes could be more useful
and effective.

5. Depending on the pulled ship and tug working meth-
ods, the received dependences and methodology for
an accurate calculation of tug pulling forces are new
in the ship handling theory and practical experience.

6. The methodology presented in the article could be
used for investigating work methods of tugs and for
preparing special recommendations that depend on
the geometrical parameters of ships (draft, the fixed
points of tugs etc.), and therefore help with avoiding
disadvantages experienced when applying new work-
ing methods for tugs.
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