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ABSTRACT

The number of polar class vessels in the Arctic has been steadily increasing since the opening of the

Arctic route. These vessels are designed for specific operations, and are classified using the established

polar class (PC) rating system. The ratings, which range from PC1 to PC7, indicate those vessels that

are the most useful (PC1) for year-round operation in polar waters to those that are the least useful

(PC7) for summer/autumn operation. This study analyzed the ice impact torque in a 2-engine, 1-shaft

propulsion system applied to a G/T 7765 vessel rated PC7, the lowest class, as well as the transient

torsional vibration for the ice torque of a propeller and the excitation torque of a diesel engine. To

conduct the analysis, a program was developed herein that complements the Newmark method using a

numerical integration. The results showed that for a PC7 vessel, 2-engine,

1-shaft propeller operation

mode can allow navigation through a frozen seaway because a large total equivalent inertia moment is

achieved under an ice load, and the ice impact torque transmitted to the shaft is distributed to the gen-

erators and engines on both sides. However, in 1-engine,

1-shaft propeller operation mode, the vibratory

torque of the generator’s flexible coupling exceeded the manufacturer’s guidelines because it was unable

to split the small equivalent inertia moment transmitting the same excitation force.
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Table 1 Ice thickness and ice strength index

Ice class H;, [m] 8o [-] Syice[]
PC1 4.0 1.2 1.15
PC2 3.5 1.1 1.15
PC3 3.0 1.1 1.15
PC4 2.5 1.1 1.15
PC5 2.0 1.1 1.15
PCo6 1.75 1 1
PC7 1.5 1 1
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Table2 C, «; coefficient for torque excitation

Tqrqge Propeller-ice interaction C o,

excitation q

Case 1 Single ice block 05| 45

Case 2 Single ice block 0.75] 90

Case 3 Single ice block 1.0 | 135

Case 4 Two ice block VYlth 45 deg. 05 | 45
phase in rotation angle
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Fig. 1 Torque excitation for case 1

Case 2 [Korean Register] : single ice block
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Fig.2 Torque excitation for case 2

Case 3 [Korean Register] : single ice block
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Fig. 3 Torque excitation for case 3

Case 4 [Korean Register] : twice ice block
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Fig. 4 Torque excitation for case 4
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Table 3 Specification of the 6M32C propulsion system

Stiffness for one

element(kN-m/rad) 3336
Constant Kappa 0.18
Generator Nominal torque(kN-m) ij
flexible kKN'm
coupling AT ) (peak to peak)
112.5
Max. torque 2(kN-m) (peak to peak)
Per. vibratory torque 7.5
(kN-m) (zero to peak)
Stiffness for one
element(kN-m/rad) 504.0
Constant Kappa 0.18
Engine Nominal torque(kN-m) gi
flexible kKN'm
coupling AT ) (peak to peak)
283.5
Max. torque 2(kN-m) (peak to peak)
Per. vibratory torque 18.9
(kN-m) (zero to peak)
Type Leaf spring
Outer/Inner inertia
22.9/2.
Torsional | (kgm®) 91288
damper Stiffness(MN'm/rad) 2.304
Relative damping 1.9
(kN-m/s) '
Type CAT 6M32C
Cylinder borexstroke 320%480
(mm)
Power at MCR
(kWxr/min) 2995%600
Pmi at full load(bar) 28.7
Nominal torque(kN-m) 47.67
Ma.in Reciprocating mass 2155
engine (kg/cyl.) .
Firing order 1-3-5-6-4-2
Dia. of crank shaft 280
(mm)
Conn. ratio(r/l) 0.256
No. of cylinder 6
Weight(ton) 86
Type Controllable
yp pitch
Diameter(m) 3.93
Propeller No. of blade(ea) 4
Speed ratio 0.2575
Moment of inertia
(kgm’(in water)) 338.30
Power(kW) 1,500
Generator | Speed ratio 1.667
Moment of inertia 764.47

(kgm?®)
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Table 4 Natural frequencies of torsional vibration
(cycles/min)
Number of node | Operation mode B | Operation mode D
1 126.89 137.73
2 137.90 284.50
3 174.20 515.01
4 286.93 1281.77
5 586.27 2169.41
6 1242.30 -
600 , . . . . ‘ : . ‘
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Fig.8 Engine speed in operation mode B due to
case 3 torque excitation
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Fig.9 Torsional vibration stress of crank shaft in
operation mode B due to case 3 torque ex-
citation
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Fig. 10 Torsional vibration stress of intermediate
shaft in operation mode B due to case 3
torque excitation
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Fig. 11 Vibratory torque of generator’s flexible cou-
pling in operation mode B due to case 3

torque excitation
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Fig. 12 Vibratory torque of engine’s flexible cou-
pling in operation mode B due to case 3
torque excitation
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Fig. 13 Vibratory torque between pinion gear and
gear wheel in operation mode B due to
case 3 torque excitation
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shaft in operation mode D due to case 3
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Fig. 16 Vibratory torque of generator’s flexible cou-
pling in operation mode D due to case 3
torque excitation
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Fig. 17 Vibratory torque of engine’s flexible cou-
pling in operation mode B due to case 3

torque excitation
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Fig. 18 Vibratory torque between pinion gear and
gear wheel in operation mode D due to
case 3 torque excitation
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Fig. 19 Vibratory torque of generator’s flexible cou-
pling in operation mode A due to case 2
torque excitation
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Fig. 20 Vibratory torque of generator’s flexible cou-
pling in operation mode C due to case 2
torque excitation
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