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Long marine shafting alignment and optimization
considering propeller hydrodynamic force in wake field
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Abstract: [ Objectives ] The traditional method of marine propulsion shafting alignment calculation usually
ignores the influence of the ship's wake field, causing a large deviation between the computational result of the
propeller hydrodynamic force and the real value which results in a decline in alignment accuracy. [ Methods ]
Taking a long marine shafting as the research object, a propeller-shafting-hull integrated finite element model
and its wake field model are established, and the propeller hydrodynamic force is calculated using the CFD nu-
merical simulation method. The fluid-structure interaction method is used to apply the fluid computing results
on the propeller surface for shafting alignment calculation, and the influence law of the propeller hydrodynam-
ic force on the shafting deflection curve and the state parameters of each bearing are obtained. On this basis, in
order to solve the problem of excessive load difference between the four bearings at the end of the long mar-
ine shafting, a multi-objective optimization algorithm is introduced for alignment calculation. [ Results ]
When the propeller hydrodynamic force is considered, the deflection change of the shafting tail decreases. The
closer to the propeller, the greater the influence of the bearing load, and the load value decreases with the in-
crease of the advance coefficient. Comparing the alignment state of the shafting before and after multi-objective
optimization, the load difference between the bearings is significantly reduced and the running state of the
shafting is improved. [ Conclusions ] The proposed method can provide references for optimizing shafting
alignment accuracy by considering the propeller hydrodynamic force.

Key words: marine propulsion shafting system; shafting alignment; wake field; propeller-induced hydro-
dynamic force; fluid-structure interaction; multi-objective optimization
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Fig. 1 Layout diagram of a long marine shafting
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Fig.2 Unified finite element model of propeller-shafting-hull sys-
tem (below waterline)
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Fig. 3 Fluid computational domain model of ship's wake and small
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Fig. 4 Meshing results of fluid computational domain

2.3 BRERKHAUTE

B BB T A 0 a8 5 Tl R A A 1) TLAR] s A A
i S a5, e Bl A K F T 1) (2 AR T ) R OE )
y Ry 1 (S M R T R R IE), 2 Fl
Bl IR EBFE M A0 M IE ) o JE TR R AL A B
BB B A, IREA O AL, B
S HE 77, R TE e U B e B i RN e e T
] o A T AR R I 3 5 T 2 A /N Tt R = ) O A 11
AN (), FE PR 22 (R ST A A B T 2 i
i o BRIE XK Bl T B T A R i RO G,
K (3) mHEHRA",
J =Vp/nD 3)

Ao TR R EG Ve L nohy IR E 2 5
D AR AL

M A0 AE &2 T00 T (A AV, BS FOR
[Fi] Py 2 8 R B S A TR A T 0k TR i
AT IR BER KB Iy, 2R MR 1 R, S
JIT 7S i A Ay B U S B =Tl R O O 3 8 RE = I
o, o HE 7 Ry W TE 2 S AL 7 AR R HE HE B0 T,
R ) 7k TR i 2 2 7 AR Y &) 3 v e



246

BoOE M A

oy

g%

518 4

Bl by 2 O ) BEL O, AR B TR B, B
TESEBRAUAT Fh 23 DUOBUIR 8] A9 AR A i ok — 2

®1 BERKBNTELER

Table 1 Computing results of propeller hydrodynamic force
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Fig. 5 Velocity contours of ship's wake and flow near the propeller and shaft
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Fig. 6 Simplified calculation model for the long marine shafting alignment
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Table 2 Loads and material properties of each component for the long marine shafting system

Figes oA 1% [ & E/Pa MERVN=AY R FE po/ (kg m ) bk % T35 B p/ (kg m ™)
[2y/8 4 rh 1.24x10" 0.33 7500 0.87 6 525.00
PN & 2.00x10" 0.30 7850 — 7 850.00

fidh B 2.00x10" 0.30 7850 0.87 6 859.50

oA kil 2.00x10" 0.30 7850 — 7.850.00
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Table 3 The state parameters of each bearing for linear align-

ment
e P /mm  Fffifrad  BEG/KN B8 J)/MPa
JEfRHhA  —1.84700 —3.2409x10¢  368.17 2.2649
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Fig. 7 Deflection distribution diagram of the long marine shafting for linear alignment
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Fig. 8 Pressure acting on the propeller surface in fluid-structure in-

teraction
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Table 4 State parameters of each bearing in consideration of

propeller hydrodynamic force

R 4B /mm ¥firad  BAG/KN  BIR J)/MPa
JEfRFR  —0.80626  3.3291x10¢  159.83 1.078 90
RifREIK  —0.74092 —4.8679x10°  148.44 0.799 23

MRENEA  —046552 —8.1222x10°  97.38 0.928 69
IS HEHIZK 000819 —2.694 6x10°  158.12 1.521 70
25 AR -0.048 34 —1.406 0x10°  99.88 0.83132
3T HhA  —0.010 54 —6.0812x10°  107.09 0.91137
45HRA 000469 —1.8454x10°  127.58 0.844 16
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Fig. 9 Deflection distribution diagram of the long marine shafting with additional hydrodynamic force
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Fig. 11 Multi-objective optimization alignment process of long marine shafting
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Fig. 12 Deflection distribution diagram of the long marine shafting after alignment optimization
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Table 5 State parameters of each bearing after alignment op-

timization
BN % /mm Hfirad  HAG/KN  BIS J)/MPa
JEfRFA  -0.81220 1.6357x10°  160.99 1.110 20
ROfEFIZR  —0.77236 —9.7032x10°  154.71 0.773 66
MREVEHIK  —0.65502 —7.128 8x10°  135.16 0.800 67
IS fafliR  —0.58543 —7.897 1x10°  132.72 1.190 00
25 AR —0.85427 —1.4049x10°  122.32 0.923 03
3TAfAR  -1.21480 22865x10°  119.44 2.237 80
A5 HAHIR  —2.19840  4.423 5x10°  156.29 3.813 20
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