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Abstract

The finite element analysis and research on the vibratior roba certain AUV with the analytic method are expati
Based on the basic equations of thin shells theory, thisrpapalyses and sets up the cylindrishéll vibratiol
mathematical model, and validated the correctness of thigelnby ANSYS. The method presented ifeetive ir
analyse and dynamical design of AUV weaken vibrationlawchoise structure.
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During the work progress of AUV, such as torpedo ande, the power system activates vibratiof the shell ar
causes noise radiation in hydro-medium. The radiating mo#&ees great affect on the concealment, and eddty:
enemy forewarning distance. The research of vibratisnithportant theory value and practicataning on AUV. TF
AUV is combines in spherical shell, cylindrical shell, coh&lzell and other revolutionary shells. The cylindrishél
is the primary, and the spherical shell and the conical arekimilar to the cylindricahell, so the vibration mode
cylindrical shell is prevalent. This paper provides a mettmaalculate the eigenfrequency so asvaétidate th
structure plan.

1. The balance differential equations of free vibration

A middle surface patch of cylindrical shell and internal ésrg the orthogonal coordinate system are shown irré=ig
a andp are the lines of main curvature, and is the normal pointed to convex direction,, N,, N,, N,, M,
M,, My,, M,, Q, Q, are the internal forces acted on the plane and theg plane, k and k, are themair
curvatures on thex direction and theg direction, Ris the radius of the middle surface, akgd=0, k, =R, A anc
B are the Lame coefficients on the direction and theg direction, and A=B=1, p,, p,, p, are thecomponer
of loads on thea direction, the g direction and they direction. The plus directions of the internal farcar
shown in Figure 2.

The sum of all the internal forces components on d¢hedirection divided by dadf is 0, that iy F, =0, in the sam
way, » F,=0,> F =0.The moment of all the internal forces to the axis is 0, that i3 M, =0, in the same wa
> M, =0,> M, =0.After operated, the balance equations of the cylindricdl atee
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From the last two equations of equations (1.1), the esjores ofQ andQ, can be reason out. The express
reckoned in the former three equations and the affédtse cross shearing for@gto the balance on thedirectionanc
the B direction are neglected, then
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At the state of free vibration, according to D'alembentisdiple, the free vibration balance differential equatiohthe
cylindrical shell are:
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Where, mis the unit area mass of the cylindrical shell middle surface v and w are thecomponent ¢
displacements on the: direction, the g direction and they direction of any point on the middle surface.

The geometric equations (1.4) and the physical equatioBsof the cylindrical shell are:
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M, =D(x,+ uyx,) M,=D(x,+ux) M,=Q-u)Dy
Where, ¢, ¢,, ¢, are the inplane strains on the middle surfage, 7, , 7,, are the bending strains on the midsilefact
E is the elastic modulusy is the Poisson’s rati@ is the bending strength, and = En*/12(1- 1?).

The strains are eliminated by combining the equationy @dnd the equations (1.5), the result are broughtthe
equations (1.5), then, the free vibration balance differerg@lations of the cylindrical shell expreds by
displacements are:

2 _ 2 2 _ 2
8L2I+l ﬂ8L2|+1+,u 8V+,uaw+l,u(pl_mg)=0
o 2 op 2 Oaoff Roa Eh ot
ov 1-p N 1+u S 1ow  1-pu? RY,
>+ 2 >+ £ + +—H (p,—-m—)=0 (1.6)

op 2 oa 2 o0adf RO Eh ot
2 2 2,
h—V2V2w+ﬁﬂ+lav+ﬂz+l_ﬂ (p3—m—a \;V)=O
12 Roa RO R Eh ot

i ) ., 0° 07

Where, the differential operator i$° = — +—..

oa® 9B

2. The solution of free vibration eigenfrequency

The solution of balance differential equations of free vibmat@an be solved by mixed method. Suppk
circumferential load, that isp, = p, = 0, the internal force functiory = ¢(, 8) is brought in, and supposed,
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The equations (2.1) and the equations (1.5) are brouagtite third equation of the equations (1.2). Ttema

N, =
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shell vibrates freely by the force of inertia. The normal free vibration balance differential equations of the cylindrical

shell,
2 2
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Dimensionless coordinate isbrought in, ¢é=a/R, 1= /R, the equations (2.2) evolved to:
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Both of the two ends are supported, and the boundary conditions are,
W)y =0, (W), =0,(My),4=0,(M,),, =0
Supposed the expressions of the internal force function ¢ and the deflectionw  are,

ZEDIDINNE VRSN VB TR
W= 3 B, SnAEsinunsin,t

(22)

(2.3

(2.4)

(2.5)

The boundary conditions (2.4) are fulfiled in the equations (2.5), and the equations (2.5) are brought in the equations
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Equations (2.6) are simplified, that is,
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If the coefficient determinants of A, and B, arezero, ¢ and w arenotidentical to zero, that is,
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then the eigenfrequency is,
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Supposed the expression, 4, =a”|—R (a=1,2,3,90

Got theminimum value of 2, , that is, 4 =zR/l, and supposed dw, /du, =0, that is,
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Thatis,
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The minimum value of 4, is,
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The minimum eigenfrequency can be computedbgnd ., that is,

E
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3. Theanalysisof a certain AUV shell and emulation by ANSY S

The shell of AUV is made up of spherical shell,imgtical shell, conical shells and other revolutipnshells bythreac

coupling, bolt coupling, wedge coupling and hooppdimg. All of them are rigid coupling. The radiasthecylindrical

shell isR=0.265, the length of cylindrical shell is=4.0, the thickness of shell is=0.005, the elastic modulu

isE =7.47x 10° pa, the Poisson’s ratio jg= 0.36, the unit area mass of the cylindrical shell midsilirface isn=9.781
Enh® 7.47x 16°x 0.008

The bending strengttD = —= =893.986
12(1- p?) 12(+ 0.36)

The minimum value of 2, is, 4 = ﬂlR = ”1?0265— 0.20813 then 4? =0.04332

Hy = A(;‘/%l[”) - 4,) =0.2081% Q/ 12 0. Zgixog& 0.36) 0.20813} 2.68062

_ En 2= 1 18939805 04332+ 2.68062)
A7+ 1) 9781 0,268 0.265

a

R2 [?( )+

N 7.47x 16°x 0.005
(0.04332+ 2.68062)

x0.20813 | 275035.75
The minimum eigenfrequency is,

=83.4Mz

_ \275035.75
2

Emulation analysis of the cylindrical shell is opiexd using the ANSYS, and the minimum eigenfrequéng4.77Hz.
4. Conclusions

Sum up, the error between the computational resultthe emulational result of the minimum eigenfetey is1.53%
The different eigenfrequency can be calculatedifigrént 2, and ., , the error between the computational reault
the emulational result of the eigenfrequency istmare than5%. The method is effective in analyse and dynal
design of AUV weaken vibration and low noise stunet
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Figure 1. The coordinate Figure 2. The internal forces

30





