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Rational Shafting Alignment of Submersible Vehicle
Considering Hull Deformations

MAO Wei
Naval Armament Department of PLAN, Bejing 100841, China

Abstract: To increase the accuracy of the calculation results of submersible vehicle propulsion shafting
alignment and make it much closer to the actual situation, the hull deformation, which serves as the bound-
ary condition of shafting alignment calculation, should be considered. Through 3D finite element analysis of
hull deformation under the condition of hydrostatic stress and gravity, this paper analyzes the stern hull
structure deformation. A notation and calculation method of “alignment degree” is presented, which con-
verts the hull deformation to the bearing offset, which is the initial value of shafting system alignment. With
the shafting system alignment program, the shaft arrangement optimization is conducted on a model sub-
mersible vehicle, taking hull deformation and bearing stiffness into account. The results show that when
bearing No.1, No.2, and No.3 are on the zero offset, and bearing No.4 0.4 mm being above the line, satisfy-
ing shaft alignment situation can be achieved.
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Fig.1 ~ Propulsion shafting model of a submersible vehicle
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Fig.2 FE model of a submersible vehicle
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Fig.4 Sketch of a fixed constraint at the center of gravity
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Tab.1 Constraint reactions at fixed point
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Fig.5 Position sketch of the four bearings
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Fig.6  Sketch of whole hull wet surface static deformation in

vertical direction
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Fig.7 Vertical deformation of the structures

connected to bearings
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Fig.8 Vertical relative displacements of the structures

at stern bearings
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Tab.2 Vertical relative displacement of the structures
at stern bearings

BoRsZAC PR R /mm T A AL YA X B /mm
1 138.00 -0.74
2 3.070.50 -0.19
3 4 167.50
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Tab.3 Basic parameters of bearings
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Tab.4 Element attributes of the shafting

i WA UL MOTHE HREE TR

Frif

7 /mm /mm /mm  /(kg-m”) /(kg-m™)
1 0 0 60 7850 1025
2 336 160 60 7850 1025
3 513 160 60 7850 1025
4 Bk 651 160 60 7 850 1025
5 1065 160 60 7850 1025
6 1488.5 160 60 7850 1025
7 2688.5 190 60 7850 1025
8 3488.5 190 60 7850 0
9 K 35885 190 60 7 850 0
10 3688.5 190 60 7 850 0
11 4560 190 60 7850 0
12 Hhi&K 4685 190 60 7 850 0
13 4810 190 60 7850 0
14 4 868.5 190 60 7 850 0
15 5368.5 190 60 7 850 0
16 5703.5 250 60 7 850 0
17 ¥ 57335 380 60 7 850 0
18 5763.5 380 60 7 850 0
19 5793.5 155 60 7850 0
20 5923.5 155 60 7850 0
21 5953.5 155 60 7 850 0
22 ¥ 59885 300 75 7850 0
23 6023.5 300 75 7850 0
24 6 088.5 150 75 7850 0
25 6323.5 150 75 7 850 0
26 6 388.5 416 75 7850 0
27 MR 6491 170 75 7 850 0
28 6593.5 170 75 7850 0
29 6 658.5 416 75 7 850 0
30 6708.5 150 75 7850 0
31 6908.5 150 75 7 850 0
32 6 958.5 150 75 7 850 0
33 6993.5 300 75 0 0
34 7027.5 300 0 0 0
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Tab.5 Outer loads on shafting 3.2 ﬂh % %"&1’%7& —F E,‘J *’i FF' i/+% ( m?» ijﬁ %
WS A/ mm A AT/ (Nemm™) L rhag fap /N é:%?%lk)
2 336.0 0 8.585 0E+03(4xi /K )
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Tab.7 Bearing status when flange in connecting condition
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2 9 3588.5 -3.599 —4 457E-04 1.98 1.26 0.052 1.12
3 12 4 685.0 -4.057 -3.925E-04 2.50 1.38 0.053 2.56
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