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Problem 1} This problem, which builds on Problem 1 of HW8, asks you to compare the responses
of the evaluated ship with three different design criteria. The design criteria include one motion, one
velocity and one acceleration.

Part a) First check the design criteria that the RMS piich angle is less than 2.5 degrees. You can
calculate this using only the spectrum of pitch metion. By definition, RMS is the square root of the
integral of a one-sided spectrum evaluated from 0 fo infinity. By definition, an integral is the area
under a curve, and for a discrete function like the pitch moftion spectrum, this is equal to the sum of
all of the discrete values. Therefore, the RMS pitch angle, in radians, is the squareroot of the sum of
the two S5 values.

RMS 5:=fS5(0.755) + S5(1.323) RMS 5=0.069 Units here are radians.
. 180 .
RMS_pitch angle := RMS 5. — RMS_pitch_angle = 3.955 degrees
n

The ship fails the RMS pitch angle.
Next check the design criteria that the RMS vertical acceleration at the bridge is equal to or less
than 0.2*g. There will be two components involved, the vertical acceleration due to heave
acceleration and the vertical acceleration due to pitch acceleration evaluated 12 meters forward
of midships.

x B=12 Units are meters, where forward of midships is positive and aft is negative.

tdlo )= (o 68 (3le o - W3l —x B- 059 ) H51) if woe=0.755

oo (i32( e) - 316 - x B - H5Aw ¢) - HS1b) if w_e= 1,323

0 otherwise

Sa(m_e) = S(m_e) - ( | Ha((ﬂ_e)l )2

Spectrum of Heave Velocity

4 | | |
3 —
Sal@_e) " |
1B -
0 ] I 1
0 0.5 ] 1.5 2
w_e
RMS_a := yf Sa(0.755) + Sa(1.323)
RMS a=2.593 m/s
02-g=1962 m"2is The ship fails the RMS vertical acceleration criterion.
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Part b) Next check the design criteria that the RMS vertical velocity at the flight deck is equal to or
less than 1.0 m/s. There will be two components involved, the vertical velocity due to heave velocity
and the vertical velocity due to pitch velocity evaluated 22 meters aft of midships.

x_A:=—22 Units are meters, where forward of midships is positive and aft is negative.
Hv(o &)= |i o e - (H32(w o) - 131 —x A H52(a o) - H51)} if & e=0.755

i-oe- (13200 &) H31b ~x A-H520 &) - H51b) if o e=1323

0 otherwise
gy\im_e) = S(m_e) - (| HV(m_e)| )2

Spectrum of Heave Velocity
2 | T |

Sv(@_e)

RMS_v = /Sv(0.755) + Sv(1.323) RMS v =1.927 m/s

The ship fails the RMS vertical velocity criterion.
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Problem 3) Deep Water:
k
0 = 1000—-2 Cm=20 Cd=10 o= 9.80732 i=+1 me=ap i
m3 s A
co2 1
d=18%m a:=11m h:=2a Ho=50m ki=— k = 0.408—
g m
n{t) = a-cos(co-t)
Maxdimum horizontal force will occur at the water's surface evaluated at x=0:
- - n- 2,
Atx=0andz=10: u(c) = a-a)-cos(m-t) u_dot(t) = —a-0 -sm(m-t)

F I{t):= —p .CmE-dz-—l-mz-sin(m-t) Formula (3.8) in the Morrison's notes.

sinh(2-k kH
|, ShCKE) | kH
o 4

7 -cos(m-t)- |cos(a)-t)| Formula (3.10).

F D(t)i= — pCd-d-
2 KiCsinhican)

F_totai(t) := F_I(t) + F_D(t)

Horizontal Force vs. Time

5-10

F total(t)

F IKn

F_D()
n-2-(10)*

-5.10"




22

From this plot, you can see that the inertial force component dominates the drag force
component in the tatal force. You can see that the maximum total forces occur when
the drag force is zero and inertial force is at the maximum. Wave elevation is included
magnified by a factor of 2*10*4 so that it shows up on the same graph.

a) F_tota1(0.75ln-s) =549 x IO4N This is maximum total force.

= L T =3.1425 L=075ms F_total{L} = 5.49 x 104N

R
The harizontal force is maximum at 3w/4 + a*n and it is minimum at 3x/4 + =*(n-1/2).

& When you look at total, inertial or drag force over one period, they are all about zerc
because they are sinusoidal functions.

T
12k
Pl petiad = J F_Kt)dt F I petiod =—5.84x 10 12 ~&0
0 g
L k
F D _period := J F_D(t) dt F D period =—8:705% 107 2282
i ! :
T
: ; kgm
F total period := J. F total(t) dt F total period =0
0 5

When you ook at the absolute value of total, inertial or drag force over one period, you can
see that the inertial force is an order of magnitude larger than drag, so it dominates overall.

5 kgm

T
F 1 period abs :=J (IF 1) 4t F 1 period abs = 1.098 x 16" —=—
0 s

kgm

T
F_D_period_abs := J (|F_ D)} )t F D period abs = 8.388 x 10° &2
0 3

T
Kk
F_total_period_abs := J |F total(t)] dt B total period _abs = 1.103 x 10° ~82
0 5
d) Find the moment of forces about the bottom of the cylinder.

2
dF_over_dz(z,t) = [—D'Cm'%‘eklz-a-mz-sin(w-t) + Cd-D-%-d az-mz-ezk'z-cos(m-t)- ’cos(m-t)|]

0-m
M_seafloor(t) = J‘ {H + z)-dF over dz(z,t)dz
- 30-m

€ g ekl e Meatloot) 7 of(0.75.n-s) = 47.548m  Above the seafloor.
F_rotal{p)
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