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ABSTRACT

A procedure is described which may be used to obtain the dynamic response

to shock loading of a submerged shell with internal structure attached to it

by nonlinear mountings.




I INTRODUCTION

In this report, a procedure is described which, when appropriately
generalized, may be used to obtain the dynamic response of submerged shells

to shock loadings.

For simplicity of presentation, the stiffened submerged shell and
bulkheads will be replaced by an elastic beam S, and the attached internal
structure, o, will be discussed as either a (discrete) elastic mass-spring
system or a (continuous) elastic beam, all coplanar. 0 1is attached to $
by nonlinear mountings with force-displacement relations denoted by fi(éi)*)
inwhich i denotes position 5 and Gi is the relative displacement between

S and 0 at si e

Extension of the equations developed herein to more complicated systems

0 and S will be presented in a sequel to this report, Ref. [3].

The effect of surrounding fluid and an incident shock wave introduces
additional generalized forces in the equations of motion of S, as discussed

in detail in Ref. [1].

*
) In what follows, the subscript i of 11 is suppressed when there

is only one poimt of attachment.
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II SIMPLE NONLINEAR OSCILLATOR ON ELASTIC BEAM

See Fig. 1:

S

1 Y01

d(s, t)

in which ¢Si(s) are the free-free

generalized coordinates, and t is

The dynamic reaction of O on

opposite to that of S on 0 .

The equation of motion (EOM)

- ds(sl, t) 1)

e

ag; () 94 (9 (2)

modes of S, .(t) are the corresponding
951

time.

S, illustrated in Fig. 2, is equal and

of o is, using Egs. (1) and (2),

V
S
Mdy * flag) - izqui cg41) = 0 3)
in which
si1 = P51(89) (4)

and V_ is the number of modes of S utilized. The EOM of S are

S

+ = c

Q. + Ko .qn..
M ey SJqSJ

in which

and

S

v

S
i1 f(q01 = 121 qSiCSiIL F= Lyeen Vg (5)
L v
m ¢2 ds (6)
g Pg;ds
8]
&
sz ij {7)

In Eq. (6), mS(s) is the mass distribution of S and in Eq. (7), the mSj are

the natural frequencies of S.




_

Equations (3) and (5) are vS + 1 nonlinear ordinary differential

equations (ODE) of the second order in the Vg generalized coordinates of I

S, qu, and the one generalized coordinate, 9517 of o .




III TWO DEGREE OF FREEDOM ELASTIC SYSTEM ATTACHED BY ONE NONLINEAR

SPRING TO AN ELASTIC BEAM

See Fig. 3: Equations (1), (2) and Fig. 2 are still valid, so the EOM of S

are again given by Egqs. (5).

A. Non-Modal Treatment of O

s EOM for 0 (consisting of both masses and both springs) may be obtained

by considering free body diagrams of the two masses and using Eqs. (1) and (2)

My, +k (45, = a5y) = O (8)

=10 (9}

Vs
M1 * flag; - izl ®si1 9517 ~ k(95 ~ g

Equations (5), (8) and (9) are Vs + 2 equations [all but Eq. (8) nonlinear]

in the Vg generalized coordinates dg4 and the two coordinates 91 and q_,

B. Modal Analysis

See Fig. 4: Equations (1), (2) and (5) still hold. © now consists of

R}

the two masses and the elastic spring connecting them. Let Qoi s & = By &
be the free-free modal vectors of 0 (including one rigid body translational

mode) , wi be the corresponding natural frequencies (with w, = 0), and ﬂﬁ

i}

be the mass matrix L

Ml 0 '_1 |
M = (10)
—0
Further, let 1
- P 3
B, [a(11 3 dUZ] (11) b




=

be the principal mode matrix for ©

r ]

% = 4 % e
in which -
qcl
45 = : (13)
and 5
= 7 4
B, =89, (1)
where - denotes a transpose and
\Y
)
-£(6) “Flg.. = Cosiay)
o1 e Sil'Si
- e i=1
U 0 . (15)

The EOM of O may now be written as

b By + 5 2 ", o)

in which o
Y. w - 0
1
%o ~ 3 N (17
Ko
and L is a 2by2 diagonal matrix given by
U =A M_ A (18)

o R

Equations (5) and (16) are VS + 2 equations in the vg normal coordinates

94 and the two normal coordinates poi . [

|




IV ELASTIC BEAM ON AN ELASTIC BEAM

See Fig. 5: The displacemencs of S and 0 may be expressed,

respectively, as 5

S
dg(s, £) = ] ag;(t) dg;(s)
i=1
. and v
(0]
s d (s, t) = jzl 15 (6) 05 (s)

in which ¢si and ¢Oj are the free-free principal modes of S and o,

respectively, q.. and q_, are the corresponding generalized coordinates, and
Sa aj

S

The shortenings of the nonlinear springs are then written as

Y v

S g
— ~ — - S - v
(e = dgks ) =id (o vE) 121 g4 (£) ¢g(s)) jil 455 (8) 055(sy)
E
= 9 g (o 2 z q €
1=1 5i Sil =1 (o3 o 1 |
v, v
S o
B }‘
0O Qe ©xa Z G €
2 jo=1 sS4 Si2 =1 9] 0j2
in which
cOji = ¢Gj(si) g 1=1, 2

The dynamic reactions of 0 on S and vice versa are illustrated in

Fig. 6. It follows that the EOM of S and o0 are

Mgitgi ¥ Kgidgq = F1(8)egyy + F,(8))cqy,

.

o393 ¥ Ko39y = “F1(0)%41 - f2(‘52)%_12

u

V_ and VG are the number of modes of S and 0 used in the truncated series.

(19)

(20)

t21)

(24)

{25)

PR, W7
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in which 61 and 62 are given by Eqs. (21) and (22). Equations (24) and

(25) are a set of V_ + vo coupled second order ordinary nonlinear differential

S

equations in the same number of generalized coordinates dg and qOi S

j:l—)\)

o

S ’




\ CONCLUDING REMARKS

In Ref. [2], the procedure outlined in Ref. [1] and described in detail
for particular attachments 0, is generalized for arbitrary internal structures.

Similarly, the equations and examples exhibited in the present report will appear

as special cases in Ref. [3].




[1]

(3]
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