1342 HW8 Solutions Spring 2005

Problen l)

Abstract. The basic idea of this problem was 1o find the heave and pitch motions experienced by a
ship transiting in head seas. Given the geometry and speed of the ship and the frequency of the
waves, the first step was to calculate the added mass, damping and restoring coefficients of the
system. Next, the magnitudes of the Froude-Krylov (F-K) excitation forces were detemmined. The
following steps were based on the idea that the overall system is comprised of two lingar systems in
series. The first linear system acts upon the wave elevation input, and yields an output of the F-K
forces. These forces are the input of the second linear system, which yields the ship's response
motions as the oufput The transfer functions for both of these systems were determined for both
heave and pitch, uncoupled. The entire process, up to this point, was then repeated for a second input
wave frequency. The transfer functions and encounter frequency were used to transform a given
ambient wave spectrum into the specira of heave and pitch response. The follow-on problem in HW9
will use these spedira to determine whether the ship met cerain design criteria. Since two of the
design criteria involved vertical velocity and acceleration, the heave and pilch spectra were fransfrmet
again, through the appropriate transfer funclions, into velocity and accaleration specdira,

Given: The folloming parameters were given in the problem statement or are known physical
constants.

U= 10 Units are mvs
p = 1000 Units are kb/m”3
5= 981 Units are mvsh2

wo:=05 Unisare rad/s

Encounter frequency and wave number were both calculated based on the wave freg uency. The
encounter frequency formula is in the form applying fo head seas in particular.

o e=0o0+U- ee Units are rad/s
£

® e=0.755 Units are rad/s

o= — k= 0.025 Units are m*-1




Question 1, Part a)

0 )
11290
32201
59199
95819
95819
95819
95819
95819
59199
32201
11290

| calculated a33 and b33 in an Excel spreadsheet and imported the numbers.

v 0 )

et

I

(0

11561
35571
58692
82999
81999
82999
82999
82099
58692
35571
11561
O

4

| also calculated the values of he Added Mass, Damping and Restoring coefliicients in Excel: they
are imported here to confinue the project in Mathcad.

A33 = 3422372
B33 = 3133220
A35 = 54989379
B35 = -34223725
A53 = -54989379
B53 = 34223725
AS5= 1052981521
B55 = 1000238628
Part b)

A33:= 3422372

B33 :

AS55:

B35

Il

)

A35 = 54989379
3133220 B35 1= -34223725
1052981521 A53 = -A35
1000238628 B53 ;= -B35

The restoring coefficient, C55, formula requires the vertical centers of buoyancy and gravity. The
vertical center of gravity was given, but | had to calculate the vertical center of bouyancy. | did this in
my Excel file by doing a vertical integration of the ship using watemplane areas at a step size of z=1
m. |drew several diagrams of the geometry and discovered that the area of the waterplane, Awp(z),
was equal to the breadth at midships at that depth imes what | called the effective length, 40+2z,
where z is measured positive up from the waterdine in meters (i.e. z will be a negative number). The

half breadth at each depth was found using pythagorean's theorem, HalfB:= J‘J 02 - ;Zj. So the

overall formula used was Awp(z=2"HalfB*(40+2z). These wateplane areas were numerically
integrated vertically to determine the underwater volume and the underwater center of bouyancy, and,

in turn, C55.

C33= 7848000
C35=C53+= 0
C55= 1458709517

(C33 := 7843000
C35=0
C53:=0

C35:

Il

1456709517



Project scenario:

1342 HW8

Solutions

A naval vessel is transiting in head seas at speed, U =

Deep water.

1a) Incident wave frequency:

omega_o =

Station

m
Observed
30
25
20
15
10
5
0
-5
-10
-15
-20
-25
-30
Sums:

Here , | find the added mass and damping coefficients (3D) for the ship, Aij and Bij for i,j=3,5

0.5 rad/s
Radius or
HalfBreadth Breadth x*Breadth x*2*Brdth
m m m"2 m"3
Observed
0 0 0 0
25 5 125 3125
5 10 200 4000
75 15 225 3375
10 20 200 2000
10 20 100 500
10 20 0 0
10 20 -100 500
10 20 -200 2000
7.5 15 -225 3375
5 10 -200 4000
25 5 -125 3125
0 0 0 0
80 160 0 26000

Spring 2005

Sectional
Area, S
m"2

0

9.8
39.3
88.4
157.1
157.1
157.1
157.1
157.1
88.4
39.3
9.8

0

10 m/s

Encounter frequency:
0.754842 rad/s

omega_e =

omega_e"2*R
overg

0.000
0.145
0.290
0.436
0.581
0.581
0.581
0.581
0.581
0.436
0.290
0.145
0.000

The equations to calculate these coefficients were taken from Faltinsen page 56.
Since | have discrete values, | will use the trapezoidal rule as a substitute for integration.

h=

A33 =
B33 =
A35 =
B35 =
AS53 =
B53 =
AS55 =
B55 =

5m

3422372
3133220
54989379
-34223725
-54989379
34223725
1052981521
1000238628

a33
over rho*S

Observed

1.15
0.82
0.67
0.61
0.61
0.61
0.61
0.61
0.67
0.82
1.15

Note: A33 (2D) is listed as a33 in this report, likewise with B.

Trapezoidal rule = .5 * h * (a33(-30) + 2a33(-25) +2a33(-20) . . . + 2a33(25) + a33(30))
Since a33(-30)=a33(30), | can simplify the formula to h*(sum(a33 values))

1b) Find the restoring coefficients, Cij for i,j=3,5

Area of waterplane = Awp =

a33 x*a33 x"2*a33
0 0 0
11290 282252 7056312
32201 644026 12880530
59199 887991 13319862
95819 958186 9581858
95819 479093 2395464
95819 0 0
95819  -479093 2395464
95819  -958186 9581858
59199  -887991 13319862
32201  -644026 12880530
11290 -282252 7056312
0 0 0
684474 0 90468051

800 m*2

Density, rho =
Gravity, g =

b33

over rho*omega_e*S

Observed

1.56
1.2
0.88
0.7
0.7
0.7
0.7
0.7
0.88

1.56

1000 kg/m*3
9.81 m/s*2

b33 x*b33 x"2*b33
0 0 0
11561 289015 7225378
35571 711422 14228436
58692 880385 13205768
82999 829992 8299921
82999 414996 2074980
82999 0 0
82999  -414996 2074980
82999  -829992 8299921
58692 -880385 13205768
35571  -711422 14228436
11561  -289015 7225378
0 0 0
626644 0 90068967



zg=

C33=
C35=C53 =
C55 =

-75
7848000
0

1456709517

Formulas for restoring coefficients were taken from Faltinsen page 58.

To find C55, | need to find GM_L or KB.

To find KB, | will integrate the underwater volume vertically using waterplanes at 1 m intervals.
Based on geometry, half breadth at each waterline, z, is SQRT(10"2 - z*2)
The area of each waterplane is then 2*HalfBreadth(which is a fn of z)*Effective Length'
The 'Effective Length' is the length of the waterplane if you cut off the aft triangular portion and
flip it over and put it with the forward triangular portion to make an equivalent rectangular Awp.

z
m

Midships  "Effective
HalfBr (m) length" (m)
10.00 40
9.95 38
9.80 36
9.54 34
9.17 32
8.66 30
8.00 28
7.14 26
6.00 24
4.36 22
0.00 20
Here, h =

1m

Awp(z)
m"2

800.00
756.19
705.45
648.68
586.57
519.62
448.00
371.35
288.00
191.79

0.00

Volume (m”3) = h*Sum F(M) =
M_volume (m*4) = hA2*Sum F(V) =

KB = M_vol/Vol =

zB=

3.74
-3.74

Trapezoidal F(M) Lever F(V)
Multiplier Arm
0.5 400.00 0 0.00
1 756.19 1 756.19
1 705.45 2 1410.91
1 648.68 3 1946.04
1 586.57 4 2346.28
1 519.62 5 2598.08
1 448.00 6 2688.00
1 371.35 7 2599.48
1 288.00 8 2304.00
1 191.79 9 1726.12
0.5 0.00 10 0.00
Sum = 4915.65 18375.09
4916 m"3
18375 m*4
m
m



Part ¢) Now | have to find the FK heave excifing forces and pifch exciting moments. Because
*>>B(x), the F-K heave excifing force par unit length, at a given x, can be approximated as
#0Ba0n(x 0. Therelore, L will niegrate this over the length of the ship to get the F-K heave exciing
force. Similarly, 1 will integrate xpgB{x)n{x.1) over the length of the ship to get the F-K surge exciting
pitch.

== Al=1 Here Al is the amplitude of the wave, I've defined it as 1 m.

n(x.1) = Al - Re!:c[ rw_e-t-b'rk~x1:|

2-(n,x.t):-—- Al - flr-exp(i—e)_edd-i-k-x)+l-exp[ii»a)_e-t~i-k-;j) -ﬂ-a(m)
2 2

This is the Fourier Transform of n{x,1). |
will need it later {o find the transfer function.

Based on the given geometry, | defned the ship's breadth as a piecewise function along the length of
the ship. Note that this is the entire breadth, not the halfbreadth.

B(x) = |(x+30) if 30<x<-10
(20} if =10 <x <10
(—x+ 30) if 10<x<30

30 3
F3(t):=p-g- B(x)n(x.1) de

“-30

Hesave Force vs. Time

10— —— :
5-10°
F3(1)
-sa0° - -
-1-107 L ' L




Maximum Heave Force Amplitude

T

F3{1‘)7_4_106 B / —
‘7.3-i06 _/ -

72-10°

30

FS(t)*—_: [ g-J
- 30

F3{u

-2.10"

-410"

0.2

=01

x- B(x) - n(x,t) dx

Pitch Moment vs. Time

03

=3

6



7 Maximum Pitch Moment
3206:10" = I — , .

3205107 | =

3204010 | =
F5(1)

3203-10° | -

3202100 -

7 1 | | L i
3.201-1
110 6.23 6.235 6.24 6.245 6.25

F3(t) and F5(t) are both sinusoidal type waves, so | can redefine them in terms of amplitude,
which | will call Fmax.

F3(0) = 7.432 x 10°

F3max := F3(0) Visually Fmax occurs at =0, so | will define it as such.

F3(t) = F3max - Rel:e( ““—“’]

2. (Fi, 1) = F3max-[-;- . cxp(i O t) + % . exp(i - e t)] ST A(w]

F5(6.24) = 3.204 lo7
Visually Fmax oceurs at =-6.24, so | will define it as such.

FSmax = F5(6.24)

FS() = FSmax - Rie[i[m_&[—;ﬂ]
2 - (F5,t) == F5max - B ; exp[i : [m_c- - lzt—ﬂ + % -exp[i ; (m_c dt ED} n- Alw)



Part d) Now | needed to find the transfer function for my first linear system, between n{t) and
the F-K forces, F3(t) and F5(t). | evaluated n at x=0 to find these transfer functions.

Copied from above, here are the Fourier Transforms of n{x.t), F3(t) and F5(t),
1 : ) 1 e ———— j
.'.’-(q.x,t):: Al -[E-exp(l-m_e-l+1-k-x) + :-exp((t-m_e-wr|-k-x)]-rc-&(w)

Evaluated at x=0, the FT of n(x,t) is:

2. (n.t) = Al [% . exp(i . cu_e-t) + é . expai -0 e- t))) o A(m)

2-(F3,t) = Fimax- [% : exp{i o e t) + % : exp(i S@er t)) S - A(m)

ta | —
o
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2 - (F5.1) :== Fimax [

The transfer function, H(w), is found by dividing the oufput function in the frequency domain,
F5(w). by the input function in the frequency domain, n(w). It is easily observed that the ransfer
function for each heave and pitch are constant values because all other terms drop out.

[ ] T.:j

_ F3max
Al

Fs
HSI e S0

H31:

where A1 is the amplitude of the input wave elevation, rj. For a force per unit length, | will let
AT=1m.

H31 = 7432 % 10° H51 = —3.204i x 10



Part €) In this project, the overall system includes two linear systems in series. The first
system has wave elevation as input and incident force as ocutput. The transfer function for this
system was determined in part d. The second linear system has the force as input and the
response motion of the ship s the output. The transfer function for this system will be found in
this part for the uncoupled heave and pitch equations of motion.

The transfer function hetween the external force and the ship's response motion is of
the now familiar form:

1

2
[—(m+A]-w-+i-w-B+C:l

| need to define the mass values, Mi33 and M55. M33 is the ship's mass, which is equal to that
of the displaced water, so it is displaced volume times density. | calculated the displaced
volume in my Excel file as 4916 m*3. M55 is given in the problem statement.

— 1 s
= 4916 The units are m"3.
M33:=p-V M33 =4916x 106
M55 = 15107 The units are kg*m*2.
l
H32((o) = =
[—(M33 + A33) -0 +i-w-B33+ C33] H32(0.755) = 2.04 x 10° 7 . 1.559] » 10_7
| . — 77
H3Aw) - - |H32(0.755)] = 2.567 % 10
~8338372- @ + 31332201 0 + 7848000
1
HSZ({Q) 2 —~12 — 9
[—{Mﬁi + ASS). {,,2 +i-o-B55+ C55:| H52(0.755) = 2.536 % 10 — 1.324i% 10

1 9

Hs52w) —» |H52(0,755)| = 1.324 % 10~

-2552981521.0-@ -+ 1000238628 - i - @ + 145670957



Part f) | redid parts a through e in another Mathcad file and imporied the relevant transler
functions under the names H31b, H51b, H32b and H52b.

Hilb:i= 5.901 x IIJ6 H51b:= -i-6.118x 10.?

1

H326(w) - .
8492507 - w” + 1353808 - i - o + 7RAR000

7 ¥

H32b(1.323) = -1.338x 10 ' —3.415i 0 8 |H32b(1323)] - 1.381 x 10~

HSZb((u) - ;
-2102285755.0- w0 4 337862269 1. + 1456709517

I I 10

HS2b(1.323) — -4.324x 10 O _g604ix 10° [H52b(1.323)] = 441> 10~



13.42 HwWB Solutons Cont Spring 2005

Part fy Here | am repeating paris a lthrough e using w_o = .75 rad/s.

U= 10 Units are mis
o 1000 Units arg kbim*3
£ - 98I Units are ms*2

wo: 075 Unitsarerad's

20 Units are rad/s

we=wao+l
b

we- 1323 Units are rad/s

2
ko 20 k-0.057  Units are m*-1
2
[ = —
Naote, | calculated a33 and b33 in an Excel spreadsheet and imported the
numbers.
0 N 0

6578 11044

23562 22347

| 56549 | 29233

| 103385 29103

108385 29103

a33:= | 108385 h33:. | 29133

108385 29103

108385 29103

56349 29233

23562 22347

6578 L1044

., @ . 0



Project scenario:

1342 HWS8

Solutions

A naval vessel is transiting in head seas at speed, U =

Deep water.

1a) Incident wave frequency:

omega_o =

Station

m
Observed
30
25
20
15
10
5
0
-5
-10
-15
-20
-25
-30
Sums:

0.75 rad/s

Radius or

HalfBreadth Breadth x*Breadth x*2*Brdth

m m m"2 m”3

Observed

0 0 0 0

25 5 125 3125

5 10 200 4000

7.5 15 225 3375

10 20 200 2000

10 20 100 500

10 20 0 0

10 20 -100 500

10 20 -200 2000

75 15 -225 3375

5 10 -200 4000

25 5 -125 3125

0 0 0 0

80 160 0 26000

Spring 2005

Sectional
Area, S
mh2

0

9.8
39.3
88.4
1567.1
1567.1
1571
1571
1571
88.4
39.3
9.8

Density, rho =
Gravity, g =

1000 kg/m”*3
9.81 m/s*2

Note: A33 (2D) is listed as a33 in this report, likewise with B.

10 m/s

Encounter frequency:

omega_e = 1.3233945 rad/s

omega_e2*R a33 a33 x*a33 x"2*a33

overg over rho*S
Observed
0.000 0 0 0
0.446 0.67 6578 164443 4111069
0.893 0.6 23562 471239 9424778
1.339 0.64 56549 848230 12723450
1.785 0.69 108385 1083849 10838495
1.785 0.69 108385 541925 2709624
1.785 0.69 108385 0 0
1.785 0.69 108385 -541925 2709624
1.785 0.69 108385 -1083849 10838495
1.339 0.64 56549 -848230 12723450
0.893 0.6 23562 -471239 9424778
0.446 0.67 6578 -164443 4111069
0.000 0 0 0
715301 0 79614830

Here , | find the added mass and damping coefficients (3D) for the ship, Aij and Bij for i,j=3,5
The equations to calculate these coefficients were taken from Faltinsen page 56.
Since | have discrete values, | will use the trapezoidal rule as a substitute for integration.

h=

A33 =
B33 =
A35 =
B35 =
A53 =
B53 =

B55 =

5m

3576507
1353808
7729979
-35765069
-7729979
35765069
602285755
337862269

Trapezoidal rule = .5 * h * (a33(-30) + 2a33(-25) +2a33(-20) . . . + 2a33(25) + a33(30))
Since a33(-30)=a33(30), | can simplify the formula to h*(sum(a33 values))

b33 over
rho*omega_e*S

Observed

0.85
0.43
0.25
0.14
0.14
0.14
0.14
0.14
0.25
0.43
0.85

b33 x*b33 x"2*b33
0 0 0
11044 276088 6902210
22347 446938 8938768
29233 438493 6577400
29103 291030 2910296
29103 145515 727574
29103 0 0
29103  -145515 727574
29103 -291030 2910296
29233  -438493 6577400
22347  -446938 8938768
11044  -276088 6902210
0 0 0
270762 0 52112497



Note: The restoring coefficients are not frequency dependent, so these are the same as for omega_o0=0.5 rad/s.

Find the restoring coefficients, Cij for i,j=3,5

Area of waterplane = Awp =

Formulas for restoring coefficients were taken from Faltinsen page 58.

To find C55, | need to find GM_L or KB.

800 m*2

To find KB, | will integrate the underwater volume vertically using waterplanes at 1 m intervals.

zg= -7.5
C33= 7848000
C35=C53 = 0
C55= 1456709517

Based on geometry, half breadth at each waterline, z, is SQRT(1072 - z*2)
The area of each waterplane is then 2*HalfBreadth(which is a fn of z)*Effective Length’
The 'Effective Length' is the length of the waterplane if you cut off the aft triangular portion and

flip it over and put it with the forward triangular portion to make an equivalent rectangular Awp.

z
m

0

-1

2

-3

-4

-5

-6

7

-8

-9

-10

Midships  "Effective
HalfBr (m) length" (m)
10.00 40
9.95 38
9.80 36
9.54 34
9.17 32
8.66 30
8.00 28
7.14 26
6.00 24
4.36 22
0.00 20
Here, h =

1m
Volume (m"3) = h*Sum F(M

Awp(z) Trapezoidal ~ F(M) Lever F(V)
mh2 Multiplier Arm

800.00 0.5 400.00 0 0.00
756.19 1 756.19 1 756.19
705.45 1 705.45 2 1410.91
648.68 1 648.68 3 1946.04
586.57 1 586.57 4 2346.28
519.62 1 519.62 5 2598.08
448.00 1 448.00 6 2688.00
371.35 1 371.35 7 2599.48
288.00 1 288.00 8 2304.00
191.79 1 191.79 9 1726.12
0.00 0.5 0.00 10 0.00
Sum = 4915.65 18375.09

)= 4916 mA3

18375 m™4

M_volume (m”4) = hA2*Sum F(V) =

KB = M_volVol =

zB=

374 m
-3.74 m



| akbo cataulated the vaiues of the Added Mass, Damping and Resboring coefliicients in Excel; thay
are imported here to continue the project in Mathcad.

A3d = A576507 A33 = 3576507
Ba3 = 1353808
M35 = 772997% B33 .- 1353808
Bas = -3576506% _ N
AS53 = _7729079 A35 = 7720979
BS3 = 35765068
B55 = 337862265 AS3 - —A35
B53:- -B35
A3S - BO22EFTSS
B55 ;- 337862269
Ca3s= 7848000 C33 = 7818000
C35=053 = 0 )
C55 = 1456709517 C35:-0

C53 -0

C55 = 1456709517

Part ¢ Now | have to find the F-K heave exciing forces and pitch exciting moments. Because
+>>1(x). the F-K heave exciting force per unit fength, at a given x, can be appraxdmated as
pgB(x)n(x.t). Therefore, | wiill inlegrate this over the length of the ship to get the F-K heave exciting
force. Similarly, | will integrate xpgB{xIn(x,!t} over the length of Ihe ship to get the F-K surge excifing
pitch.

i Al 1 Here Al is the amplitude of the wave, I've definad it as 1 m.

Nix, 1) - Al- Re[e['””--"‘”k"‘)J n{0.1) — % CexplIS i)+ -;- cexpl 75001
Lo , I lerermarat
2‘(r|.x‘l):k Al - E-ctp(l-m,o-l-l-|-k-x)+;-cxp((1-m_0-t+ |-k-x),)-::-.ﬂ((3)
This is the Fourier Transform of n{x 1}

B(x):~ [(x+30) if -R0<x=-10
(20) f —10<x£10
{(—x+30) if 10xx<30



3

30
F3(y:~p-g- -[ B(x)n(x.t}de
30

s10°

Fi(n il

-5 _ln(i

7
R 2
IR L > . p -

6-10° 1 ]
FHO =
sg-10° | i
sT0° i
L ] ] | 1 0 1
-0.1%8 -u.1 —0.05 i] I:IOS (N | 015




30
F5{t) := p-g-J % B(x)  n(x.t)dx
=0

T TG T T | |
510"
F5(1) 0
-5.10°
]
—1 a0t N L L
-10 5 0 5 10
t
Y T I i T
6210 i

6110 |- P -

F5it) /

610"

Basad on visual observation, | wil redefine F3(t) and F5({t) in terms of Fmax.



F(0) - 5.901 » 10°

F3max = F3(0)

{ter O 1]-]

L3(1) - F3max - RJ-_-:

! i 1
20 (F3.1) -~ Flmax - [% - l:\‘p(| SO t) + ; - uxp{i Lo e t)) g A(w)

FS(-3.14) - 4334 x 107
FSmax == F5(-2.1)
o, 1]1
b om oe—
N
Ji3(1) = F5max - R ¢ 'J

—

[
. I , ] 1 _ 5
2 (Fs.t) - Fdmax | —-expic oo t——|[+—-expli|®o-t - — -rc»e.&((r))
2 _ 2) 2 24

Part d) Now | need to find the transfer function between n(t) ('m letting x=0} and F3{t) and F5(1)
respectively.

Copied from above, here are the Fourier Transfomms of v(x 1), F3(t) and F5(1).

2-(n,x,t):-= Al -[-};cxp(i-mro-li- ikox) -I--;—-cxp(-(i-mﬁuwi i-k-x)}]-:-c\(m)

Evaluated at x=0, the FT of n(x.t) is:

2. (n ‘t): - Al (% . exp(i LR I) + % ¥ va(ml,ﬂ_-;))] - 1.\(0))

N =

S
2. (F3,6):= F3max - . exp(i o i) + L exp(i- w_o- t) |- A(w)
2 /

|
2

2 (B5,t) 0= FSpmax - B : U}&[{i : [m_o' t- %H + -;— . c.\l‘[i - E%)H i Alw)

The transter function, H{w), is found by dividing the output function in the frequency domain,
FS5(w), by the input function in the frequency domzin, n(w). It is easily observed that the ransfer
functon for each heave and pilch are constant values.



Amax FSmax
_1 max and HSI o n \-c pl

Al Al

H3l:

where Al is the amplitude of the input wave elevation, . For a force per unit length, | will let
Al=1m.

H31 = 5.90] x 10" HS1 - —6.118ix 10

Part ) In this problam the overall system includes two linear systems in series. The first
system has wave elevaticn as input and incident force as output. The transfer function for this
system was determined in part d. The second lnear system has the force as input and the
response motien of the ship i the output. The transfer function for this system will be foundin
this part for the uncoupled heave and pich equations of motion.

The trensfer function between the externat foroe and the ship's respense motion is of
the now famiiar form:

[

r 2
Sm+ Al +i-a-B+C

| need ic dafine the mass values, M33 and M55, M33 is the ship's mass, which is equal ta that
of the displaced water. | calculated the displaced volume in my Excel file as 4918 m*3. M55 is
given in the problem statement.

V- 4916 The unitg are m*3.

Mil—p. ¥V “455: 15 109 The uniis are kg m™2.

H32(m) = "
[—(MSB +A33) w +i-w-R33 C33]

H3dw) » —— = ' :
—3492507 . w4 L3IS3IS0E - i - w4 TR48000
. l
Hsdw) = - =
[—(MSS + AS5) o +i-0-BSS+ CSS]
1
1-152(03) - — - —

>
—102288755.0 " + 37862269 - i - w + 1456709517



Part g) Now | will transform the gven wave spectrum, S{o_o), into a wave spectrum with
respect to encaunter frequency, S{w_e), using the equation given in the encounter frequency
teciure. Then | will use the Weiner-Kinchine relations to determing and plot the spectra of
heave and pich responses.

2.9, 0.0.0001..1 lecause the spectrum is comprised of unit impulses, | defined w o ir
very small steps. Othenvie it distorts the shape of the spectrum.
,ﬂm_o) — |2 ifwo=03 S{w_o) is the ambient wave spectrum given in the
problem.

16 if @_0=075
0 otherwise $(0.5) =2 $0.73) - 1.6

Ambient Wave Frequency Spectram

2 1 T r T
|
1.5 7
S{w_0)
05 -
0 ! L [ T L
0 0.2 04 0.6 0.8
w0
Wy 0.0.0001..2 Once again | defined os_e in small intervals so as not ‘o distart the
shape of the spectrum.
Slo o |2 ifwe=0755

16 if w_e=1323

0 otherwise



Wave Spectrum it Encounter Frequency

2 T B I T
1.5 -
Sw ) _
nsr- -

|

ol A E N |

0.5 ] 1.5 2
¢

Apply the Wianer-Kinchine relations for heave:

Hiw Q) = |([e31]Y - ((1320.755) ) it @_e=075s

(306 ) - (132601339 i w_e = 1.323

8 otherwise
83(0.1_(:} - S(w_c) . H3(m_e)

Spectrum of Heave Motion

3 T T T
61 -
$3(m_g) L
Py P =
0 —j_ —- | ) N
0 0.5 1 1.5
3¢

VR



Now apply the Weiner-Kinchine relations for pitch:

Hs(a o) - (|l-L<1])2 . (|H52(0.755)})2 if w_e=0.755

(|I—[5Ib|)2 . (|Hszb(:.323)|)z if o c=1.323

0 otherwise

SS(m_u = S(w_c)- I~[5(m_e)

Spectirum of Pitch Motion

0.00:3 T T T

0.005 —

S3w ¢)
0002 —

oy_v
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Prolblam o)

0\3 LG ¢ &&crnf—‘«-'ﬂos\s ece .
o
dF]_ = (f) ._... -* AH —a-l'-;' x:‘_o dz‘
(x 0,2,t) = wr Ae* sin wE

Ele)= g ((3 Td 4 AL wF Aek® 510 we dz
= (\ow;%}'r An)uf‘p\s.‘n wé [—l-,"(l—e.-”]

PITCH EXCiTATICN MOMENT -
O X 2 . o k
F5(‘:): S-T (-'Z.-)d‘:i = ge-“-{_-rf\“\u A S wat S_-T {_'a.je ;dz.

_ TIE . ! Lz l ke ] ©
= “(_P 5 T Au\ wr A S wi [‘E ze - 'E,_e —

— nd*®
= - = t N, z N - T kT kT
((, = 1/ IR A—mnw&[w_q-h& +L‘_Q
b) A = S° g*
wo G“C\?.:' (D _‘?'T—
™ d*

o
-2 _ Tdd B S a _ T2
Aas 30 g Ass= ) %u? dz = ¢ =

AIS‘:I'\I_;': SO Q,zdz = E) d 2_

A31=p‘|3: A;S": ASS = C“=C'3: 03| = C\Q& Cﬁl ’Cg.s.:Csawo

Tl"d"

c?""“PS Ao = Py A
Cos=pa ¥lzg-20% 0o }L%‘AS = paY [’E"(‘?j’f,oj Ay

iz
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| p(b‘o\_gm 2. ceret )

; T 2
C} [m(s‘)]a‘ - _%‘___: PS_TA
N mt Aza me lc,*rrr.!“-‘/s
d\ylé}g DO A % + By ¥, - c;\sx;} L G i=h3,5

e) Ay are 4he sme as lowlakd  Tn post b,
C 13 C35-‘ CS'5 =
C\l: \éu Q'.S" = \¢|s C_g|= "st

S

Cos = kss * pg¥ze— mya v o SS S

£y @ T
= The @ecTonuwsy  Foect Dus ™ THE CABLE
1S JCI = kl-. Le = ’PSJDS
¢
(or smalk %5, Stab *&
L » kLo~ PO
b, &2
; L
UJ: — k“ = _....,_._.?..———_.
! Moy Py, L Cim PV_.‘;_‘T)
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