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Assumption | > Material is homogeneous, isotropic, and linear elastic
Small deformation

The dynamic equation of motion with respect to the blade-fixed coordinate
system

[ M, (i} +[C Na)+ K, [} ={F } U F J 1B} 1)

{u} nodal acceleration vectors
{u} nodal velocity vectors

{u} nodal displacement vectors

[5] Wang Xucheng. Finite element method. Tsinghua University Press: Beijing, 2003.
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[M,]={p,[N] [N]av

structural mass matrix

Material is homogeneous, isotropic, and linear elastic
Small deformation

The dynamic equation of motion with respect to the blade-fixed coordinate

(M )iy +[c i} + K} ={F.} +{F. ) +{F}+{1.)

[5] Wang Xucheng. Finite element method. Tsinghua University Press: Beijing, 2003.




Assumption | > Material is homogeneous, isotropic, and linear elastic
Small deformation

The dynamic equation of motion with respect to the blade-fixed coordinate
system

[, iy [ Wi} + K, [{u} ={F.}+{F} +{F}+{£})
[C,]=Je[N] [Nlav

damping matrix

[5] Wang Xucheng. Finite element method. Tsinghua University Press: Beijing, 2003.
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Material is homogeneous, isotropic, and linear elastic
Small deformation

The dynamic equation of motion with respect to the blade-fixed coordinate

system

(w1, i+ (€ i} (K o} = {F. 3 +{E }+{F}+{ 1)

[x.]=][B] [E][B]

stiffness matrix

[5] Wang Xucheng. Finite element method. Tsinghua University Press: Beijing, 2003.




Assumption | > Material is homogeneous, isotropic, and linear elastic
Small deformation

The dynamic equation of motion with respect to the blade-fixed coordinate
system

(M iy +[C, W} +[K, Hu} =(FY+HF}+{F}+{1.)

(E}=|p [N {f.Jav
Jee =—Q><( QX(X+M)) the centrifugal force

[5] Wang Xucheng. Finite element method. Tsinghua University Press: Beijing, 2003.




Assumption | > Material is homogeneous, isotropic, and linear elastic
Small deformation

The dynamic equation of motion with respect to the blade-fixed coordinate
system

(M iy +[e, (i} + (K, e = {F 3+ EDHE T +{7)

{(F,}=[p[NT{f,Jav
f., =—2QXu

Coriolis force

[5] Wang Xucheng. Finite element method. Tsinghua University Press: Beijing, 2003.




Assumption | > Material is homogeneous, isotropic, and linear elastic
Small deformation

The dynamic equation of motion with respect to the blade-fixed coordinate
system

M, i} +[C i+ K = {3 +{E 3 +{E)+{1,)

. e
{F h} = _“N ]T {P }dS hydrodynamic force due to with

rigid blade rotating in non-uniform
wake

[5] Wang Xucheng. Finite element method. Tsinghua University Press: Beijing, 2003.




Assumption | > Material is homogeneous, isotropic, and linear elastic
Small deformation

The dynamic equation of motion with respect to the blade-fixed coordinate
system

(v, Wiy +[C, i+ [K, Huy ={F. () +{F )
{£,}=[INT {R}as «

hydrodynamic force due to
elastic blade deformation

[5] Wang Xucheng. Finite element method. Tsinghua University Press: Beijing, 2003.




Assumption | > Material is homogeneous, isotropic, and linear elastic
Small deformation

The dynamic equation of motion with respect to the blade-fixed coordinate
system

(M, )i} +[C, )i} + [, o = {RJ +{F.} +{F}+{ /)

be negligible due to the small deformation.

[5] Wang Xucheng. Finite element method. Tsinghua University Press: Beijing, 2003.




Coordinate system

sl

Mesh of Suboff
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DARPA SUBPFF MODEL. David Taylor Research Center[R]: 1989.
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MODELS[R]. David Taylor Research Center,19809.
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7 dlructure response

hydrodynamic load




7 Slructure response

the material and bound condition

modulus ’S ratlo

structural steel 7800 120GPa clamped support
at both side




Y tructure response

MISES stress distribution




Y tructure response

stress concentration

MISES stress distribution

* stress concentration ----- forepart of the conning tower




"> Structure response

maximum of deformation

deformation of Suboff

* maximum of deformation ---on both sides of the conning
tower




This paper:

v proposed an numerical method to predict hydrodynamics and
structure response by CFD/FEM

v k- model is the fittest way to predict the hydrodynamics of
the SUBOFF considering the computational accuracy and cost

v' The stress concentration is on the forepart of the conning
tower

v" the location of maximum of deformation is at both sides of
the conning tower.




This paper:

v'proposed an numerical method to predict hydrodynamics and
structure response by CFD/FEM

v’ k-0 model is the fittest way to predict the hydrodynamics of the
SUBOFF considering the computational accuracy and cost

v'The stress concentration is on the forepart of the conning

tower
v’ the location of maximum of deformation is at both sides of

the conning tower.

Unsolved:
®The iteration of fluid-structure effect 1s not considered.




z

4(0,0.02,1)

B(0,0.02,0.5)

Jiang Jingwei, Cai Hao
Rhodes: ISOPE, 2016.

mm
3
I an
424
3
28
265
I 2
15
B
053

0
QOn Boundary

bY)

3
4%
9
N
285

)
L4
057

(a) the plate (b) deformation t=0.001s  (c¢) deformation t=0.25s

eng, Ma Cheng, Chen Ke. Multi-objective optimal

design of ship propeller considering fluid - structure interaction [C],




4(0,0.02,1)

the velocity and deformation of A and B
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