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Equacao do movimento:
eq. diferencial ordinaria linear de segunda ordem

Derivadas de uma Unica

Sem produtos

funcao (x) de uma o
entre x, x e X

variavel independente (t)

mx + cx + kx = F(t)

AMORTECIMENTO RIGIDEZ FORCA EXTERNA
(DISSIPACAO) (RESTAURACAO) (EXCITACAO)




Excitacdo externa: ondas

additional water
height due to wave

distance below
calm water level

. .

Figure 3.3: Figure showing a point zp beneath a wave Figure 3.2: Decreasing Particle Motion as a Function of Depth
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Figure 3.8: Superposition of 50 components
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Figure 3.11: Wave Energy Spectrum as number of components approaches oo
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Figure 3.12: Sample Narrow-Banded Wave Energy Spectrum and Water Surface Time His-
tory



S?lw)

sl | | I o '
«, (.Lx, W, wy ;:,;:, i), Wy Wy w,.u),,ull.x Wy Uy
CALE OF FREQUENCY W=21r/T

{a) SPECTRUM

SCALE OF TIME OR DISTANCE

(b) COMPONENT WAVES

Fig. 8 Typical variance spectrum of waves, showing approximation by a
finite sum of components



Low Frequency, contour following behavior

High Frequency, low response behavior
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Figure 4.17: Relationship between wave amplitude and ship response
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Figure 4.15: Relative ship and wave heading angle, u



Rigidez

. NANSNNN ANNNANN AANNANNN
* Mola simples 1 X 1 X :
I —x
! +F
[+ x o —X—
F = kx :
) Y -

(a) (b) (c)



Rigidez

Molas em paralelo

Molas em série




Rigidez

Force (F)
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Rigidez

* Mola nao linear
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Linearizacao
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Linearizacao  FHAF=Fa+ 49

dF 1 d°F
= F(x*) + — A — 2
(x*) dxx*(x)+2!dx2x*(Ax) + ...
Force (F)
1 F=F(x)
F + AF = F(x* + Ax) - '/
"
F=F(x") [—-—-—-—-—f— e

o i Ax > Deformation (x)



Rigidez de uma barra extendida
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Rigidez equivalente de barra defletida
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(a) Cantilever with end force 6 l 3 (b) Equivalent spring
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Restauracao gravitacional

T = mg(lsin 6)

T = mglo

; = mgl




External Upsetting Mr
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Figure 2.1: Heeled Ship due to an external moment
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Figure 2.2: Curve of Intact Statical Stability









