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Abstract

In the paper, basing on developed computation programs, the optimum states of operation of a
multi-engine ship propelling system are analysed for the research and prevention vessel “Imor II”,
for ship speeds v<4 knots.In the analyses, for the expected ranges of variability of technical and
operational parameters of the ship, characteristics of the main engines are used, and their influence
on possible fuel cost savings are determined.

1. Profits from optimisation of propulsion operation

1.1. Characteristic of propulsion

The diesel-electric propulsion system of the ship-catamaran “Imor II” consists of the
following main blocks:
— generator system VOLVO PENTA TAMD 163A-A,
—  two generator systems VOLVO PENTA TAMDI102A-A,
— electrotechnical system of transmission and electric energy stream control,
— two auxiliary bow propellers SCHOTTEL SPJ 22,
— two main stern propellers SCHOTTEL STP 200.
Load characteristics of the combustion engines:

2. [i ] — unit effective fuel consumption
kWh

| N [kW] — main engine power
-  TAMD 163 A:
g.=6,084-107 -N? - 0,3894-N+265 for N € <110; 370>
-  TAMD 102 A:
g.=10,215-10" -N* - 4,063-N+618 for N € <100; 201>
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1.2. General remarks concerning the optimisation

The synthetic quality indicator W [3] is a measure of the cost of operation of propulsion
of the “Imor II” during one average research voyage. Since it is a mathematical model, in
its structure it contains the parameters, which identify the prototype vessel (at a certain
level of detail), and the decision variables (g., N), which by definition determine the inten-
sity of flow of fuel supplied to the engine:

W=Ww(X, Y) (D
where:

X = (g, N) — set of decision variables,

Y — set of independent parameters.

The intensity of fuel flow in time (fuel consumption per hour) G:
k,
Gi=10°* g *N ] @
The indicator # allows the ship operator to use it as a numerical decision model when

supporting main engine operation by using optimisation methodology. In this methodology,
the discussed indicator is an objective function, which attaining an extreme minimum #

W'=MINW(X ,Y)=W(X",Y) 3)

within the range of permissible solutions:
Xouw £ XV 5 X 4)
F(X)=C (5)

where:

F(X) - functional limitation of the objective function in the form of a load characteristic
of a given engine,

C — calculation constant,
allows to determine the optimum (most profitable) values of decision variables
X" =(g.~, N, where:
g [ ﬁ ] — optimum value of unit effective fuel consumption of engine attaining power N™
N"[kW] - optimum value of engine power.

The optimum values of X ensure minimum cost of operation of the vessel propelling
system in the sense of the used objective function for the determined values of parameters
of the set ¥ .

Basing on the known optimum values (g,”, N*), the optimum fuel cost during operation
(in a research voyage) of the “Imor II” can be determined.

Y=nvnourm (6)
where:

)71 — set of operational parameters,

Y, — set of strategic parameters,

Y; — set of ship constants.
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The following parameters belong to the set ¥, :

v [E ] — ship speed,

s
Tpo [h] — stoppage time in port during 1 round voyage,
Ty [h] — sailing time of ship during 1 round voyage,
a — engine load coefficient (a < 1).

The following parameters belong to the set )72 §

1

fI—1 — number of round voyages per year

year

T, [years] - life time of the ship,

PLN
C, [T ] —fuel price,

K — calculation coefficient for lubricating oil consumption,
R1 — coefficient of fuel price variability.

The following parameters belong to set )73 :

Cs[PLN] —cost of installed main propulsion units (constant value),
Ns [kW] — total mechanical power of installed main combustion engines (constant value).

For the various values of parameters of set ¥ of “Imor II”, one may expect various
optimum values of decision variables (g,”", N™°). In the work [3] a preliminary discus-
sion of the detailed structure of the synthetic quality indicator W and the method of
seeking the extreme minimum value are presented. Further in the present paper, the
detailed forms of synthetic indicators of quality of operation of the ship propulsion for
ship speeds v € < 3; 4 > knots shall be described.

The described above synthetic quality indicator W will allow to evaluate profitability in
operational practice of “Imor II” with respect to:

— methodology, and
— finances.

1.3. Methodological profits from optimisation of ship propulsion

The quality indicator W is an algorithm of defined degree of detail, which aggregates
the basic operational parameters of the “Imor II”. It describes, in an orderly way, the pro-
cess of fuel supply to the engine(s) in the environment of technical and operational pa-
rameters of the “Imor II”. The mathematical model of the quality indicator W describes the
cause-and-effect relationship between the intensity of flow of supplied fuel (cause) and the
cost of operation of the ship propelling system (cause).

In this situation, the quality indicator W is of basic importance to the ship operator. It
supports operational decision-making concerning the work of ship engines for the expected
range of variability of the independent variables. The model of indicator ¥ will become
even more important when the relationships between the decision variables and each inde-
pendent variable from the ¥; and ¥, sets will be investigated. Results of these investiga-

tions will allow to develop an operational strategy for the “Imor II”.
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1.4. Financial profits from optimisation of ship propulsion

In accordance with the concept of the objective function W, the optimum values of g,
N"" determine the state of operation of the ship propelling system for a given sequence of
the engine system, in which the cost of propulsion operation during one average voyage is
smallest.

In relation to the nominal state of work of the engine, which is characterised by the
nominal values of g,, N, the following savings AKX in fuel costs are obtained after optimisa-
tion:

AK=Kyom - K (7
where:
— nominal fuel costs K,om:
K =g:* N*C,* T, * % R1* 10° [PLN] (8)
—  fuel costs after optimisation K :
K=g *N ' *C,*T,*x*R1*10° [PLN] 9)

go g —nominal, optimum unit fuel consumption,
N,N" —nominal, optimum propelling engine power,
1y — time of operation of the propelling engine.
For N“ <Nig, = > g, the effectiveness rate of savings on fuel cost is:

ge , N

e,=(1- —) % 100% (10)

e

Because as a rule N© < N, at optimum state of work of ship propulsion the vessel will
be operated at the economical speed v,, which is smaller than the speed v, attained for
nominal power N.

Another possibility of saving on fuel costs will also result from the shape of the hyper-
surface, which is the geometric spatial representation of the objective function W [3]. Quite
important may be such a shape of this surface, in accordance with which the objective function
W attains an extreme minimum not just at one point (with co-ordinates g N7, but in the
range of values Age", AN". For the discussed case, fuel cost savings will result from the possi-
bility of selecting the time 7), of the ship propulsion system operation. Then it may be possible
that fuel costs will be constant (the hyper-surface has a flat part) for such optimum powers that
NT>NT gL.[" = guz". This is the case of a flat extreme of objective function #. For selecting
the time of operation 7}, we have the relationship (resulting from the equation K| =5 )
Ny _ Ty 44T,

1< —
N, Tnl

QY

in which AT, is the extension of ship sailing time (the time of additional work of the engine,
resulting from the condition of constant fuel costs).

2. Characteristic of sequences of propelling engines

During a typical research voyage, “Imor II” will sail at speed v € < 3; 4 > [knots]. Such
speed is required during work with sounding equipment, which is the basic equipment of the
vessel, in order to ensure proper resolution of oceanographic measurements.
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At the present level of knowledge about the sailing properties of the “Imor II”, it may be as-
sumed that ship speed v < 4 [knots] will occur at the following sequences of propelling system
operation [3]:

1) sequence I —only one TAMD 102A/HC propelling unit is working,
2) sequence II —only the TAMD 163A/HC propelling unit is working,
3) sequence III — two TAMD 102A/HC propelling units are working.

In general, the range of mechanical power obtained in the three sequences is 100 kW to
402 kW [3]. Taking into account that power losses during transmission propellers and for power
consumption for other than propelling needs are about 70% (the so-called losses), the power at
propellers will be 30 kW to 120 kW respectively. The obtained power range at the propellers
ensure its supply with sufficient margin with respect to pulling power, taking into account pro-
peller efficiency, bad sailing conditions and the inertia of the diesel-electric propelling system.
The resulting power reserve is needed to ensure proper steering capacity and effectiveness of
work of the ship’s dynamic positioning system. For ship speed v < 4 knots, in accordance with
the towrope curve [1, 4] towrope power is (20+30) kW.

2.1. Sequence I of propelling system operation

In sequence I only one engine TAMD 102A is working. The remaining engines are stopped.
The mechanical power at disposal is (100+201) kW. At 70% loss level, the power at propellers is
then (30+60) kW. In sequence I, the propelling system can work continuously in good sailing
conditions. In such a case, limitations on power consumption for non-propulsion needs will have to
be imposed. There will be some limitation on the work of the dynamic positioning system, espe-
cially if sailing conditions would become worse. At low ship speed its steering capacity is low, and
this increases the power demand for effective operation of the dynamic positioning system.

2.2. Sequence II of propelling system operation

In this sequence, only the TAMD 163A engine is working. The remaining two TAMD 102A
engines are stopped. The power generated by the engine power is (110+370) kW. At 70% losses
this corresponds to power at propellers of (30+110) kW.

This sequence is predisposed for continuous work in average sailing conditions with addi-
tionally operating auxiliary propellers. There is also a possibility of simultaneous work of other
technological (research) apparatus installed on the ship. Consumption of non-propulsion power
will be less limited than in sequence I. Good conditions for the work of the dynamic positioning
system will be ensured.

2.3. Sequence III of propelling system operation

Two TAMD 102A engines work at the same time. The TAMD 163A engine is stopped. Me-
chanical power of 301 kW to 402 kW is produced. At 70% loss this means 90 kW to 120 kW at the
propellers. This sequence is suitable for continuous operation in difficult sailing conditions, with all
propellers working. No limitations are imposed on power consumption for non-propulsion needs. The
dynamic positioning system can be fully operative without limiting the operation of the vessel.

3. Detailed forms of indicators of propulsion operation quality

Expression (1) is a general formula for the relationship:
W=(E,+ E)* (KJ, +KJ,) [PLN] (12)
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where:
E, [kWh] — mechanical energy freed in port,
E, [kWh] —mechanical energy freed when the ship is sailing,
PLN . i3 :
b [m ] — unit cost of reserve power (power remaining at disposal),
: [:% ] — unit cost of developed power.

For the three sequences of propelling engine operation at ship speed v € < 3; 4 > knots,
the above quantities are component functions of the indicator W of propulsion operation
quality, and they have different mathematical relationships. The structure of these relation-
ships depends on the method of calculating the so-called propulsion indicator £ and on the
formulation of component quantities, describing their physical sense.

3.1. The problem of the subjective range of quality indicator W

Generally, the quality indicator # described by expression (12), serves for selecting the op-
timum work parameters X ™ of a given propelling engine in the case of an environment defined
by the set of independent variables Y . Its physical sense is connected with the absolute cost of
propelling system operation during one average research voyage of “Imor II". For a calcula-
tion period of one year or more, the objective function # must take into account additional costs
of repairs of the propelling engine. These costs depend on the recommended scope of mainte-
nance repairs, also on the way in which the engine is used.

Planned costs are a constant calculation item for the whole period of ship (propelling sys-
tem) life, and are not dependent on the variability of decision variables X . As a rule they are
related with the nominal loading of the engine. Engine repair costs, resulting from the way the
engine is used, depend especially on the way the engine is loaded, work regimes and effort of
material of the structural elements. These costs vary in longer calculation periods, and therefore
they are difficult to describe in a standard form within the deterministic model of the used ob-
jective function W. From the quality point of view, variable engine repair costs depend on its
power loading, time of work under given loading, changes of loading and changes of time of
operation, and on the consequences of the various states of work. These factors are difficult to
plan or predict, especially when the propelling system of the “Imor II” and the ship itself are a
prototype technical system. The determination of the relationship, describing with adequate to
the needs of the optimisation problem detail and accuracy the magnitude of variable costs of
engine repairs, will be possible only after at least one cycle of repairs. The deciding role will be
played by the consequences of engine operation under other than nominal loading (appearing in
the form of mechanical wear of cylinder liners, piston rings, development of carbon deposits)
and by the number of work-hours. These parameters will form the measures of variable engine
repair costs. Formulation of a relationship describing these costs will be possible on the basis of
retrospective data obtained during operation of “Imor II”.

3.2. Formulas for calculation of the propulsion indicator &

The propulsion indicator £ is a non-dimensional calculation coefficient [3], which allows to
form the algorithm of the quality indicator /. At the present level of knowledge about the ope-
rational properties of the “Imor II”, it may be presented as the following function:
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—  for ship speed v € <3; 3,5 > [knots]; v € < 1,54; 1,80 > [E I:
]
k(v)=3,01-0,85*v (13)
—  for ship speed v € ( 3,5; 4 > [knots]; v € ( 1,80; 2,06 > [E ]:
s

k(v)=8,26-3,77 *v (14)
Basing on the expected operational properties of the “Imor II”, expression (13) corre-

sponds to work of the propelling system under sequence I or II. Expression (14) corre-
sponds to sequence III of work of the propelling system.

3.3. Component functions of the indicator of quality of propelling
system operation W for sequence I or IT

Characteristic for these sequences is operation of only one type of engine, i.e TAMD
102A or TAMD 163A. Because of this the expressions for component functions are the
same for both sequences.

The mechanical energy generated in port is calculated as:

E,=a*Ng)*T, [kWh] 15)
where:
N(g.) [kW] - characteristic of the engine.

Mechanical energy generated when the ship is sailing is calculated as:

E, =g *N(g)* k(v) *vV* * T, * 10°  [kWh] (16)
where:
N(g.) —as above,
k() — propulsion indicator.

The unit cost of reserve power (power remaining at disposal) is calculated from:

Klo=Co * (PP T * (ot Ty * N N* (T @ Tl o] (D)
The unit cost of running power is calculated from:
PLN
KJ,=gN)* C,* k*R1 * 10° —— 18
8(N)* C, [ h ] (18)

where:

g e :
4 —=_—] - characteristic of the engine.
&M [ o ] g

3.4. Component functions of the indicator of quality of propelling
system operation W for sequence III (two TAMD 102A engines are working)

The mechanical energy generated in port is calculated depending on the number of en-
gines working in port:
—  when one TAMD 102A engine is working in port:
E,=a* N(g.)* Ty [kWh] (19)
— when two TAMD 102A engines are working in port (one engine partly loaded, the
other at rated power 201 kW):
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E,=[a*N(g)+201]*T,, [kWh] (20)
where:

N(g.) [kW] - characteristic of the engine.

Mechanical energy generated when the ship is sailing (two engines are working) is cal-
culated as:

E,=[g. *Ng)+216*201]*k(») * vV’ * T, * 10°  [kWh] 21
where:
N(g.) [kW] - characteristic of the engine,
k(v) — propelling indicator of the ship,
T [h] — sailing time of the ship during one round voyage.

The numbers in these relationships have the following meaning;:
201 [kW] —rated power of TAMD 102A engine,

216 [ k\i’h ] — unit rated fuel consumption of TAMD 102A engine.

The unit cost of reserve power is calculated as:

— when one TAMD 102A engine works in port:

Klp=Cs* {f*T  *[(Tpo+ Tp) *Ns-a* N * Tpo-(N+201)*Tp;]}'l[%] (22)

—  when two TAMD 102A engines work in port (one engine works at rated power 201 kW):
PLN ]
kWh

The numbers in expressions (22) and (23) have the same meaning as in expression (17).

KIy=Ce*{f*T . * {(Tpo + T) * Ny - (@ * N+201) * po-(N+201)*Tpi]'l[ (23)

For sequence III, the unit cost of generated running power is calculated from the relationship:
PLN

KJ,=[g/N)+216]*C,* k*R1 *10° [—— 24
[8.(V) 1*G [ e ] (24)
The appearing in (24) number 216 [ k\ih ] is the rated unit fuel consumption of the TAMD

102A engine. The remaining quantities have the same meaning as in expression (18).

4. Numerical experiments

Basing on the presented above assumptions and methods of calculation, the following
numerical experiments were carried out:
a) preliminary searching for optimum values of g, , N for sequences I, II and III,
b) determination of the so-called maximum fuel cost savings after optimisation.

For both experiments, appropriate programs were developed in TurboPascal 7.0. Pro-
grams for the first experiment are in files sekw (I).pas, sekw (II).pas and sekw (III).pas,
which are installed in the computer IM 682/491 in directory C:\BPANAPED.

The prototype for the program for the experiment of seeking the so-called maximum
fuel cost savings for sequence I are the files: Boxww.dat and Boxww.pas installed in the
computer IM 682/491 in directory C:\BOX. Similar programs for sequences II and III will
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have the same structure. The only difference will be that in separate blocks of these pro-
grams there will be some elements, which correspond to the various load characteristics,
expressions for the propulsion indicator k£ and the presented expressions for calculating the
component functions of the indicator #. The block for iterative searching for the absolute
extremum of the quality indicator will remain unchanged.

4.1. Characteristic of results of the numerical experiment of searching
for optimum values of g, ,/V for selected engine operation sequences

Tables 1, 2 and 3 contain the preliminary results of optimisation calculations for the se-
lected engine sequences. These are the costs of propelling system operation during one
average voyage, calculated for the following values of independent parameters — set Y :
a=0,8
Tpo=24h
T,=240h

v=1,54 [E] — for sequence I (Table 1)
s
m

v=1,80[—] - forsequence II (Table 2)
s

v=2,06 [E ] — for sequence III (Table 3)
]

Cs =800 000 PLN

f=20

T, =20 year

Ny =772kW

C,=1215] i ]
tonne

x=1,03

R1=1.

When in sequence II the range of loading of the TAMD 163A engine is limited to N € <
130; 370 > [kW], which is justified by the high risk of operation and the reduction of en-
gine reliability for power N < 130 [kW], all results confirm the presence of an absolute
minimum of costs of operation of the “Imor II”” propelling system.

The following absolute extreme values were obtained:

— for sequence I:

2,=251 —2—; N,=Nuom=201 kW
kWh

—  for sequence II:

g,=219 -5 N, =202 kW

kWh

—  for sequence III:

g, =251 ﬁ; N, = Nyom =201 kW.
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Taking into account the load characteristics of the engines, which form functional limi-
tations of objective function # minimisation, the optimum decision variables ge", N are
the following'.:

—  for sequence I (propelling engine TAMD 102A):
g

. =g =98] B
g =& s

N"=N(g.”") = 45,8*107*251% - 23,34*251 + 3103 = 130 kW
—  for sequence II (propelling engine TAMD 163A):
g

g,_. =g,,=219 m

N =N(g.™") =-29,14*10°*219° + 19,47*%219% - 4335,7*219 + 321945 = 157 kW
—  for sequence III (propelling engine TAMD 102A):

u= - —g_
8 =g =251 kWh

N"=N(g." =251)=130 kW

The minimum costs of operation of the propelling system, defined for one average vo-
yage by means of the synthetic quality indicator W, are respectively:
— sequence I: W =11606 PLN
—  sequence II: W'~ =12 153 PLN
—  sequence III: W™ =25 072 PLN
In these costs, the cost of fuel consumed by the engines at optimum operating condi-
tions is:
— sequence I:
Kot =251*130*1215%(24 + 240)*10° = 10 466 PLN
— sequence II:
Koa = 219*157*1215%(24 + 240)*10° =11 029 PLN
— sequence III:
Kpa = (251*130 +216*201)*1215%(24 +240) = 24 392 PLN

For the obtained optimum values of g, , N*", the rate of effectiveness of saving on fuel
cost (10) is:

— sequence I:
= (1 = 251130 y % 100% = 25°
e =(1 216\‘201) 100% = 25%
— sequence II:
219*157

en=(1 ) * 100% = 54%

©203*370
— sequence III:

_ 2% g *N—(g"o*xN™ +g *N)
- 2*g ,*N

* 100%

e 'p3

* *
» =(1- 251*130+216*201 ) * 100% = 12,4%
2*216*201

! The described calculations belong to the tasks of non-linear mathematical programming with functional
limitation. Because of that, for preliminary interpretation, values presented in Tables 1-3 must be consistent with
the values of the limiting function. At the same time these values must conform with the condition that the extreme
minimum of the quality indicator W is reached.
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The presented results show that savings on fuel costs during an average voyage grow
with decreasing optimum power of operating engines. However, for longer periods of ship
operation, the growing repair costs caused by operation of the engines at less than rated
loading must be taken into account (p. 3.1 of this paper).

In operational practice the increasing cost of repairs will significantly reduce the possi-
ble fuel cost savings.

4.2. Description of program for calculating maximum fuel cost savings

The program Boxww.pas concerns a defined engine operation sequence, and contains
three basic blocks:

No. 1 — for input of values of each independent parameter,
No. 2 — algorithm of objective function minimisation,
No. 3 — calculation of output values.

Block No. 1 is a data file with strict structure, named Boxww.dat and designed for the
Boxww.pas program. It is in MS-DOS. Data input can be also carried out under Norton
Commander.

Block No. 2 contains the iteration algorithm for finding the global (absolute) extreme of
the objective function. The algorithm is based on the COMPLEX method and is written in
TurboPascal 7.0. In this algorithm, the basics of which are due to Box [2], the concept of
the so-called creeping simplex is used. Most important in this algorithm is the operation of
comparing the values of the objective function. In result of this operation, the smaller value
of the function is fed back into the next calculation step. Iterative searching for the co-
ordinates of the global extreme ends when these co-ordinates differ less than the adopted at
the start criterion of stopping computations. The program for the algorithm was developed
basing on [5].

Block No. 3 concerns the specifics of the problem, and in this case allows obtaining
such output values as the optimum unit fuel consumption g,”, optimum engine power N
and maximum fuel cost savings for given sequence I of operating engines. The block is
written in TurboPascal 7.0. The block takes into account simultaneously the optimum unit
fuel consumption and the load characteristic of the working engine. The basis for the cal-
culations is that the absolute extremum of engine power is as a rule equivalent with its rated
power. For the criterion MIN # this forces searching for optimum decision variables along
the direction of crossing of the absolute extremum of the unit effective fuel consumption
and the functional limitation of objective function minimisation in the form of the load
characteristic of given propelling engine.

4.3. Preliminary testing of variability of fuel cost savings

For needs of analysis, Table 4 gives the ranges of variability of each independent pa-
rameter of set ¥ and the representative vector ¥ rgpr These ranges correspond to the
planned variability of values of operational parameters of the “Imor II".

The carried out tests of the influence of the value of parameters Y on the optimum va-
lues g.”", N” for sequence I have shown that practically there is no influence. Obtained
results indicate that the range of change of g,”, N*" is less than 1%. Taking into account the
relative error of g,, which is 5%, and the standard relative error of N of 3%, changes of
parameters Y do not result in changes of position of the minimum of quality indicator W(I)
which could be of significance for the operation of the “Imor II".
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Table 4. Ranges of variability of independent parameters of set Y

Specification Measure Mi:\aimzm M?I);ilr:: ) Y REPR
a - coefficient of loading - 0,6 1,0 0,8
Two - Stoppage time in port h 12 36 24
Tw - sailing time h 120 312 216
v - ship speed: % 1,54 2,06
Cs - cost of units PLN - - 800 000
fy ;:rn;t;earr of voyages ﬁ 20 40 30
T. - ship’s life years 16 24 20
Ns - installed mechanical power kw - - 772
C, — price of fuel PLN/tonne 1100 1500 1300
« - coefficient of lubricating
oil cost - 1,02 1,04 1,03
R1 - coefficient of fuel
price variability - 1,0 1,4 1,2

However, this conclusion should not be extended to sequences II and III.

Table 5 shows the influence of appropriate independent parameters on the variability of
fuel cost savings for set ¥ rerr in sequence I.

Table 5. Variability of fuel cost savings for sequence I of propelling system

To AK G AK R1 AK
(h] [PLN] [PLN/tonne] [PLN] [ [PLN]
120 2081,1 1100 3171,1 1,0 3123,0
168 2914,4 1200 3459,4 1,1 34353
216 3747,7 1300 3747,7 1,2 3747,7
264 4580,8 1400 4035,9 1,3 4060,0
312 5413,9 1500 4324,2 1,4 43723

Table 5 indicates that possible fuel cost savings for sequence I and determined set_
Y rerr may vary from about 2000 PLN to 5400 PLN per voyage.

SUMMARY AND CONCLUSIONS

1) The optimisation of operation of the “Imor II” propelling system is based on a set of
decision variables, which define in time the intensity of fuel flow to the engines, and
allows to obtain financial and methodological advantages. The financial advantage
consists in fuel cost savings. The methodological advantage is related to the possibility
of obtaining a methodology for optimising recommendations for rational supporting

the process of ship operation.
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2) For “Imor II” speeds of v < 4 knots, sequence I of the propelling system is a variant,
which after optimising ensures average fuel cost savings of the order of 25%. Sequence
II allows to reach, after optimising, the highest fuel cost savings of the order of 50%.
Sequence III results, after optimising, in the lowest fuel cost savings of the order of
about 12%.

Generally, resulting from optimisation fuel cost savings during one voyage increase
with decreasing optimum engine power. The mentioned above values of fuel cost
savings are of a preliminary character, since it is assumed that the supply of optimum
propelling power from the operating engines is sufficient for ship operation. The pre-
liminary character of the obtained results of computations is also due to the degree of
detail of the computation algorithms.

3) In the long term balance of costs of propelling system operation, obtained from optimi-
sation fuel cost savings will be reduced due to increasing costs of engine repair, caused
by engine operation under partial optimal loading.

4) The developed pilot program for calculating maximum fuel cost savings for operation
of the ship propelling system in sequence I shows, that the permissible ranges of tech-
nical and operational parameters of the “Imor II” do not have necessarily to decide
about a significant for the ship operation variability of optimum values of decision pa-
rameters. Numerical experiments confirm that optimum decision variables in sequence
I vary within the manufacturers tolerances for the propelling engines. In order to in-
vestigate these relations for ship speeds v > 4 knots, and for the remaining 6 sequences
of propelling system operation [3], development of appropriate computation programs
and further numerical experiments are needed
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