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Abstract. It is known that many of today's ships and vessels have a shaft generator as a part of
their power plants. Modern automatic control systems used in the world's fleet do not enable
their shaft generators to operate in parallel with the main diesel generators for long-term
sustenance of the total load of the ship network. On the other hand, according to our
calculations and experiments, a shaft generator operated in parallel with the main power plant
helps save at least 10% of fuel while making the power system of the ship more efficient,
reliable, and eco-friendly.

The fouling and corrosion of the propeller as well as the weather conditions of navigation
affect its modulus of resistance. It changes the free component of the transient process of shaft
generator stress frequency changes in transient processes. While the shaft generator and the
diesel generator of the ship power plant are paralleled, there emerges an angle between their
EMF. This results in equalizing currents generated between them. The altering torque in the
drive—shaft line—propeller system causes torsional fluctuations of the ship shafffdine
compensate for the effect of destabilizing factors and torsional fluctuations of the shatft line on
the dynamic characteristics of the transient process that alters the RPM of the main engine,
sliding mode controls can be used. To synthesize such a control, one has to evaluate the effect
of destabilizing factors.

1. Introduction

When the dynamic characteristics of the ship propeller, the generator, the main engine (ME), or the
rotation frequency regulator wear are changed, the free component of the main shaft rotational speed
transient process is changed as well. If the ship is equipped with shaft generators (SG), such changes
result in the fluctuations of the voltage they generate [1-2].

The fouling and corrosion of the propeller as well as the weather conditions of navigation affect its
modulus of resistance. It changes the free component of the transient process of shaft generator stress
frequency changes in transient processes. While the shaft generator and the diesel generator of the ship
power plant are paralleled, there emerges an angle between their EMF. This results in equalizing
currents generated between them [3].

To compensate for the effect of destabilizing factors and torsional fluctuations of the shaft line on
the dynamic characteristics of the transient process that alters the RPM of the main engine, sliding
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mode controls can be used. To synthesize suchatoatre has to evaluate the effect of destabilizing
factors [2].

2. Torsional fluctuations of the propulsive system shaft line

The altering torque in the drive—shaft line—propekystem (Figure 1) causes torsional fluctuations
of the ship shaft line [4]This is due to the uneven generation of mechaminalgy in the piston
engine and the uneven field of rates at which théeewflows onto the propeller. These fluctuations
peak at resonant RPM numbers when the variabl®i@isstresses are maxed.
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Figure 1. Main engine, propeller and shaft line diagram: dariable pitchpropeller (VPP); 2 — shaft
line; 3 — propeller pitch shifting mechanism(PPSM}: sliding plain bearings; 5 — flange connection;
6 — shaft generator; 7 — reducer; 8 — main endifi€){ 9 — intermediate shaft; 10 — flywheel; 11 —
elastic coupling.

Let us calculate the stiffness of the shaft lingarsion forProject 503 seiner trawler ship that
fishes in the Black Se#or that let us use the calculation diagram iguiFe 2.
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Figure 2. Shaft line calculation diagram

Figure 2 contains the dimensions for such calauhati;=2 m, d;=0.183 m, the axial hole diameter
dy=0.040 m, the propulsion shaftt,=6 m, d,=0.154 m, the intermediate shaft. To the right, the
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difference in the torques of the main eng\ig, and the generatar.,, is applied to the shaft. To the
left, there is the propeller torqug,,.....
Polar moments of inertia [2] is:

3 =2 dd-dd)= 314[1834 44| =10080] e |,

pl=32 32
4)=314,c 44—
Ioo 32[dj %55 15.44=5519] cm' |.
Material shear modulus i&=8-10 kg/cn?. Shaft flexibility modulus is:
1,10
= 20000 _p3ppp-8|rad |
b G@p1E981 8[10°[109809.81 Nm
LM _ 60000 _y3gnq-8[rad]
2" GD’pZ@& 8[10°55199.81

The gearbox shafts are considerably shorter thanntermediate shaft or the propulsion shatft,
which is why the gearbox flexibility is ignorablg-fi].

The coupling in Figure 2 is in general a non-lineamponent in the torsional system [1, 5-6]. This
nonlinearity is due to deformation constraints tatort the proportionality of the torque and gtaft
torsion angle. The following formula can be usedind the coupling flexibility coefficient for low

fluctuations:
o= 12 _ 512EI10EI103 — 45300108 rad ,
Embh3  200°B0515°9,81 ‘Nm

where E=2-10° kg/cn? is the spring material elasticity modulus;10 cm is the length of each
spring in the couplingm=8 is the number of springs in the coupling;1.5 cm; b=0.5cm are the
width and the thickness of the spring section.

Shaft stiffness factor in torsion [5, 7, 8] is:

- 1 - 1 g| rad
= = =2.2[10+010

€& +e 23211078+13.8M078+45301078 { Nm}
Based on Figure 1, the shaft line twisting moment i

Mg‘:c¢:c[—|v|

propeller @1+[Mdiz_Mgen_lvI propeIIer]E@e?Jr%)]:
= ~4 [[]— - -
2210 [E M propellerE2'32+[Mdiz Mgen—M propel ler
where the shaft line twisting angle is:

¢={_M propeller @1+['\/Idiz_'vlgen_N| propeller]E@ez+%)]:

]4543.6],

9.32+( M ]4543.6]E10‘8,

:[_M propeller gen~M propeller

According to the calculations, the nominal shafeliwisting moment is no more th&a@% of the
main engine moment.

Let us proceed to the deviations in the twistingmaant [9-12]:

AM , =0.999 [{AM gi,~4M gen ) ~1.0005(2M

If we factor in the gear ratios:

propeller’
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AM =/ 0.9991(AM i H ~4M genH, ) ~1.0005[2M 1=

Sk:[ propeller JH, ~

=104M i, =AM gen | -0.584 1M

1)
propeller’

where: Am gen is the deviation in the moment of the generatoredr by the main engine shaft,

AMd' is the deviation in the main engine moment.
iz

The equation (1) is further to be used in the npawer plant dynamics equations.

When studying the mechanical fluctuations of thevgroplant [1, 12], one has to take into account
the internal resistance forces. Those occur asutref the parts of the fluctuation-torsional yst
affecting each other in case of the relative rotabf their sections. The viscous friction forcepeleds
on the internal resistance that is calculated fgrrieg to the system energy dissipation coeffitien
For calculationsh=0.005. Generalized resistance force is determined &sisi

Q=-bip.

Let us proceed to the deviations in the twistinglamquations:

= - - - -8
A [ M el E2.32+[AM gz Mgen=M L er ]4543.6]&0
and the equation of viscous friction determinedrigrnal resistances is:
AQ:[[AM giz~ M gen | 22718 4M oropeller E22730] —
Tt :

If we factor in the gear ratios:

_[(AM izHy~MgenHy |22718-2M E22730] "
AQ= ATH 107

1 (2)
1,3
propeller no-7.

(A =AM gen ) 2.3-2m
) 4

The equation (2) is further to be used in the npawer plant dynamics equations.

3. Conclusion
The altering torque in the drive—shaft line—propebystem causes torsional fluctuations of the ship
shaft line The fouling and corrosion of the propeller as vealthe weather conditions of navigation
affect its modulus of resistance. It changes tle® ftcomponent of the transient process of shaft
generator, stress frequency changes in transiecegses. While the shaft generator and the diesel
generator of the ship power plant are paralleladret emerges an angle between their EMF. This
results in equalizing currents generated betweemdthThis is due to the uneven generation of
mechanical energy in the piston engine and theamé&eld of rates at which the water flows onto the
propeller. These fluctuations peak at resonant RRMbers when the variable torsional stresses are
maxed.

According to our calculations, the nominal shaftelitwisting moment foProject 503 seiner
trawleris no more thai0% of the main engine moment.
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