Scientific Journals
of the Maritime University of Szczecin

. AKag

{

2

=
*pese®

£

Zeszyty Naukowe
Akademii Morskiej w Szczecinie

2016, 48 (120), 43-50
ISSN 1733-8670 (Printed)
ISSN 2392-0378 (Online)
DOI: 10.17402/174

Received: 29.04.2016
Accepted: 15.11.2016
Published: 15.12.2016

Ship service speeds and sea margins

Tadeusz Szelangiewicz, Katarzyna Zelazny~

Maritime University of Szczecin, Faculty of Navigation
1-2 Waty Chrobrego St., 70-500 Szczecin, Poland
e-mail: {tadeusz.szelangiewicz; k.zelazny}@am.szczecin.pl

< corresponding author

Key words: design of transport vessels, contractual and service speed, sea margin, seasonal weather condi-

tions, design parameters, decision-making

Abstract

When designing a transport vessel, one of the most important parameters assumed by the owner is the service
speed of the ship. Service speed and motor power are calculated as an approximation of the ship’s speed in
calm water (i.e., the contract speed) with the addition of the sea margin (SM). In current design practice, the
addition of SM is not dependent on weather parameters occurring in liner shipping. This paper proposes a new
method for establishing the value of SM depending on the type and size of the vessel and the average statistical
weather parameters occurring on various shipping lines. The results presented in this paper clearly demonstrate
that further research is needed to determine the precise relationship between the shipping and vessel type and

the weather parameters on a shipping line.

Preliminary design of the ship

Designing vessels is reduced in the first instance
to determining the basic dimensions (length, beam,
draft, side depth), displacement, and block coeffi-
cient, and on the basis of fixed dimensions, the the-
oretical lines of the ship’s hull. Then the propulsion
power, the volume and surface of the hull, stability,
freeboard, damage stability, sea keeping, range and
autonomy, and the cost of the ship’s construction
are determined. All subsequent parameters of the
designed ship and its properties depend on the main
dimensions, which are determined in the preliminary
design phase. The design process is performed iter-
atively, and thus it is divided into respective stages.
Of'the all of the design stages, the preliminary design
phase (which includes analysis of the assumptions
of the owner, development of the basic dimensions
of the main development of the concept and pre-
liminary design) is the most important initial stage,
because at this stage (Figure 1), the designer has the
greatest possible freedom in decision-making. How-
ever, at this point, knowledge of the planned ship is
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the least complete, and although it is the lowest cost
phase to implement, errors generated at this stage
have the greatest consequences.

Therefore, in order to, on the one hand, reduce
the number of iterations leading to the optimal solu-
tion, and on the other, reduce the possibility of errors
in the operating project, mathematical models have
been developed that are functions of certain prop-
erties or parameters of the designed ship dependent
only on these basic dimensions and, most recent-
ly, on the environmental conditions in which the
designed ship will be operated.

During design, the designer seeks an optimal
solution to meet the assumptions (requirements) of
the owner, which are mainly concerned with the
operating speed and load capacity of the ship and
meeting technical criteria (contained in certain regu-
lations) such as buoyancy, stability, and subdivision.

One of the major tasks carried out at the prelim-
inary design stage is determining the propulsion
power for the assumed service speed at which the
ship will be sailed by the owner. Propulsion power,
in addition to the predetermined speed, has a crucial
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Figure 1. The importance of the next stages of the design
for knowledge of the planned ship [own study based on
(Chadzynski, 2001)]; @ — at this stage dimensions of the
vessel and the propulsion for the established service speed
should be defined, @ — in the current design process, ship
resistance and propulsion power are determined after sign-
ing the contract, based on model tests of these studies and
the attached sea margin (SM) is calculated service speed

impact on the shape of the ship’s hull and the param-
eters of its propeller — the geometry of the ship’s
hull and propeller also impact the overall efficiency,
which should be maximized.

The aim of the design process is therefore to
choose the design parameters (e.g., the basic dimen-
sions of the main ship) to achieve the desired result,
which is a ship project guaranteed to achieve the
assumed speed at the assumed capacity with the least
propulsion power and the lowest ship construction
costs. The owner can then expect to profitably oper-

ate the designed ship.
The solution thus defined the design task using
mathematical models containing compounds

between the geometry of the hull and the propeller
and service speed, power propulsion and weather
conditions occurring on the shipping line on which
is the ship is operated.

The speed and power propulsion
in the process of ship design

When designing a vessel to be used for maritime
transport, another important consideration is that the
ship owner expects to profit from its operation. Thus
in addition to technical criteria, the design process
includes additional economic criteria (Stopford,
2003). In order to determine whether the vessel will
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meet the expectations of the owner, economic mea-

sures in particular serve to assess the design excel-

lence of the ship. The most commonly used evalua-
tion measures are

« efficiency of transport (Gabrielli & Karman, 1950;
Yong et al., 2005; Harries, Heimann & Hochkirch,
20006);

* the design energy efficiency index (EEDI) IMO
(in force since 01.01.2013) (GHG-WG, 2009;
MEPC.1/Circ.681, 2009; Ozaki et al., 2010);

» economic indicators (Abramowski, 2011).

In all these assessment measures, design excel-
lence is judged by the ship’s speed and drive power.
This means that the speed of the ship, assumed by
the ship’s owner as a result of the propulsion pow-
er, is one of the most important design parameters.
The ship’s speed and propulsion power affect fuel
(which has an impact on the operating costs of the
ship and the owner’s profits), emissions (including
CO; and NOy), cruise time, and — taking into account
the vessel’s safety — the shipping route. The ship
speed is so important that it is specified in the ship’s
construction contract. If the ship is operated in calm
water with no waves or wind, developing a mathe-
matical model to calculate the speed and propulsion
power as a function of the basic geometric parame-
ters of the ship’s hull does not constitute a problem.
However, if the ship is operating on various ship-
ping lines, which are variable, random parameters
characterize the effects of waves and wind. Hence,
developing a model of the service speed (and propul-
sion power) that the ship can attain in real weather
conditions is a serious problem.

In current design practice, during the prelimi-
nary design phase, propulsion power is determined
for the design speed in calm water using very rough
dependence (this is equivalent to contract speed)
(Figure 1). Only after the project contract has been
established and signed (Figure 1) are basin model
tests of resistance and propulsion power conduct-
ed in calm water (curve 1 in Figure 2). Then, tak-
ing into account the sea margin (SM) (standard
10-15%), the nominal engine power N, and for the
projected service speed Vg (Figure 2) is calculated.
The SM value does not allow either the precise actu-
al service speed in real weather conditions occur-
ring in the shipping line or determine the propulsion
power to guarantee that the assumed service speed
will be achieved.

The method of estimating service speed based on
ship basin model tests of resistance and drive power
shown in Figure 2, is widely used for transport ves-
sels, even though the actual operation of ships that
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Figure 2. Determination of propulsion power and ship ser-
vice speed Ve based on model tests of resistance and sea
margin (SM). Explanations: N, — nominal engine power, Ps
— power to the shaft line (point B'), P, — power delivered to
the propeller, OM — assumed power reserve (standard 10%),
SM - the sea margin (standard 10-15%), B'B — losses result-
ing from the performance shafting, B — design operating
point of the propeller, A — the operating point of the propel-
ler on the calm water, clean hull, Vx — speed contract, Vi —
projected service speed, ® — the characteristics of the power
propulsion in calm water, clean hull, @ — the characteristics

of the power propulsion with the sea margin

reached service speed on different shipping lines
does not correspond to the service speed presumed
by the ship owner (Figure 3). This means additional
shipping taken on some shipping lines is too small
and others may be too large (Zelazny, 2005), which

the value SM is dependent on the shipping line, on
which there are certain statistical averages weather

conditions (i.e., seasonal parameters).

The sea margin for shipping lines

The sea margin it is defined as

where:

SM

SM=1- RTSserv. —

AR

TStrials

— the sea margin (SM < 1);

RTStn'als

M

Rrswiais — the total resistance of the vessel during tests

in calm water;

Rrsserv. — the total resistance of the vessel operating

in actual weather conditions.

Therefore, in order to determine what the SM
should be, we must know the total resistance of the
vessel when it is travelling on a given shipping route,
for which there are statistical averages available for
(seasonal) weather conditions.

The ship can sail on different shipping lines that
run through various reservoirs. In these areas there
are weather events, mainly wind and waves (Fig-
ure 4), for which numerical values of the parameters

of waves and wind occur with varying probability.
Waves and wind are also likely to vary depending

means that the power of the drive is either too strong

on the season. Therefore, the total resistance of the
vessel will be a random statistical average value of
the assumed probability of exceeding.

The total resistance of the ship in real weather
conditions is equal to

R =Rg.. . +AR 2
or too Weak. TSserv. TStrials ( )
To improve the accuracy of determining ship where
service speed, the method shown in Figure 2 shows Rrswiais — resistance of a ship in calm water
74 -
7 Vie=17.33 m/s
E 73 I7E =17.22 m/s
[m/s]
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Figure 3. Average long-term service speed I7E calculated by (Zelazny, 2005) in liner shipping for bulk carrier M1, VE = 7.33 m/s

—assumed by the ship owner service speed for the sea margin SM = 10% (J/, — average service speed for all routes)
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Area No. 7

Figure 4. Example of shipping route and directions of impact on the marine environment of the ship

Table 1. The number of wave height Hg and the period 7; for
the 2 = 0° on the area 7 (Figure 4) for the whole year

Ti [s]
10~ 12— 14— 16~ 18- 20— >

Hs

m] calm o= 8-

57 9 11 13 15 17 19 21 21
0.25 70 1 1 1 1 7
0.5 217 29 7 2 13
1.0 542 225 44 18 6 3 3 2 6
1.5 276 501 143 41 8 4 3
2.0 61 334 229 55 18 4
2.5 25 164 143 76 14 2 2 1
3.0 3 87 136 61 18 4
35 6 35 9% 49 22 8 1 1
4.0 2 24 41 47 17 7 1
4.5 3 14 31 27 17 2 2 1
5.0 2 3 4 4 o6 1 1
55 3 2 4 8 2 1
6.0 4 6 6 3 2
6.5 7 3 6 6 2
7.0 1 7 1 2
7.5 2 1 1 2
8.0 1 4 5 4 2
8.5 2 1 4 1
9.0 5 2 1 1 1 1
9.5 2 1 4 1 1

Table 2. Basic technical parameters investigated ships

AR — additional ship resistance due to the impact

of wind and wave and steering devices
AR=R_ +R .+R, +R; 3)

R.;s — additional resistance from the wind;

R.c — additional resistance from the sea surface
currents;

R.w — additional resistance from the waves;

R.x — additional resistance from factors such as

steering gear on a given course (interference
of the course is also caused by the impact of
wind and waves).

Shipping lines run through waters in which the
average statistical parameters of waves and wind
have been measured and are these are available
in weather atlases such as (Hogben, Dacunha &
Olliver, 1986; Hogben & Lumb, 1967). Average
statistical parameters of waves for the entire year
on the waters of the lines in Table 2 are presented
in Table 1. In calculating total resistance Rrsser. for
all parameters of waves, including their likelihood
of occurring on a given shipping route, a statisti-
cal mean value of the total resistance Ry, can be
calculated for the shipping line. The algorithm for

Bulk carriers

Container ships

Parameter

Ml M2 M3 M4 K1 K2 K3
Length of the vessel L [m] 138.0 185.0 175.4 240.0 140.14 171.94 210.2
Ship breadth B [m] 23.0 253 322 322 223 25.3 32.24
Draught 7' [m] 8.5 10.6 12.0 11.6 8.25 9.85 10.5
Block coefficient Cp [-] 0.804 0.820 0.805 0.815 0.641 0.698 0.646
Waterplane coefficient Cyp [] 0.892 0.854 0.873 0.872 0.809 0.828 0.807
Displacement V [m’] 21441 40 831 56 396 73910 17 290 29 900 47250
Assumed service speed of the ship Vz [m/s] 7.33 7.72 8.20 8.28 8.44 9.62 10.50
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calculating the statistical mean value of total resis- Table 3. List of shipping lines used to calculate the supple-

. .. .. . t shippi
tance of the ship on the shipping line is presented in fents .lp e
(Zelazny, 2005). No. ship- Name
ping line

. 1 South America — Western Europe
The results of calculations for the sea

. > 2 USA East — Western Europe
margin shipping 3 USA East — Gulf of Mexico — Western Europe
4 USA East — Mediterranean Sea — Western Europe
Calculations of average statistical sea margins 5 Indonesia - Japan
(SM) of two types of vessels (bulk carriers and con- 6 Persian Gulf—Japan
tainer ships) whose parameters are shown in Table 2 7~ North Affica - Western Europe
] . . . 8 North Africa — USA East
for the twelve shipping lines listed in Table 3 (appen- 9 Persian Gulf— Africa — Western Europe
dix shipping was calculated for a cruise ship on the 10 Western Europe — Mediterranean Sea — Persian Gulf

shipping line on one side (a) and on the return side — Japan
(b)). Western Europe — Panama Canal — USA West
Western Europe — Latin America
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Figure 5. The calculated value of sea margin for a container K1 on different shipping lines
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Figure 6. The calculated value of sea margin for a container K2 on different lines shipping
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Figure 7. The calculated value of sea margin for a container K3 on different shipping lines

70%

60%

50%

40% -

30% -

20% -

10%

0%

Shipping line

Figure 8. The calculated value of sea margin for a bulk carrier M1 on different shipping lines
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Figure 9. The calculated value sea of margin for a bulk carrier M2 on different shipping lines
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Figure 10. The calculated value of sea margin for a bulk carrier M3 on different shipping lines
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Figure 11. The calculated value of sea margin for a bulk carrier M4 on different shipping lines
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Figure 12. The average value addition shipping lines for
selected ships
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The calculated values for each additional ship-
ping vessel on various shipping lines are shown in
Figure 5-12 (red color — the average value of the SM
for the route in both directions).

Conclusions

The sea margin (SM) for each vessel (Table
2) was calculated based on the assumption that
the expected service speed would be maintained
on each shipping line (Table 3) with probability
P VE = 0.95.

For the calculation of total resistance to shipping,
accepted long-term statistical average parameters
(i.e., annual seasonal values) for wind and waves
were used (Hogben, Dacunha & Olliver, 1986).
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For each vessel the calculated average sea mar-
gin was SM on all shipping lines. If the ship sailed
on only one specific shipping line, the calculated sea
margin (SM) (and propulsion power) would guaran-
tee that the assumed service speed would be achieved
with a certain probability of its maintenance.

The results presented here are preliminary, and
calculating sea margins for particular types of ships
and shipping lines requires further study. However,
these calculations show that it was easier to main-
tain the assumed service speed for containers than
for bulk carriers.
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