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"USERS MANUAL OF PROGRAMME AEW2

Introduction ‘ : : .

Programme AEW2 is a digital computer programme to predict the
motions and bending moments of a ship 1n regular and irregular waves,

:

The principle assumptions of the mathematicalﬂtheory are that

' the motions can be considered as linear, and that the section shapes can

be approximated by Lewis forms. These assumptions enable the strip theory
to be used and as a consequence of the second assumption the_two dimensional
section added mass and damping coefficients can be calculated.

Section I describes the input parameters, Section II the mathematical
background, Section III contains a generalized flow chart of the programme
structure. In the appendices two examples are given, together with a )
11st of d1agnost1c printouts that can be produced from the programme.

' ’ !
Section 1 -, . ‘ ) B

s

There are five channels for inputting and outputtlng 1nformat10n
to and from the programme.

Channél 1 is used for the card reader. This is used for the basic
ship data each timg the programme is run. - ~ )

Channel! 2 is the line printer for the output of the motions and
bendlng moments, .

- - . - -

Channel 3 is a file that is prernamed DATA TAPE. This is only an

output file and is used for dumping the values of the added mass and
damping cbefficrents for the ship. .

-

Channel 4 is a file that is pre-named DATA-TAPE. It is used-only
as an input file. Its use is only for reading information that has
already been generated and dumped onto channel 3.

Channel 5 is a file pre-named TAPE PLOTONE. This. channel is am
output channel when the facility for plotting motions is requested. This
will contain information about the frequencies, speeds, wave angles, and

types of motion as well as the values of the motions.

1

a) Qgta.Input

1) _ Date Card
This is a single card containing the date in 2A6 format.

2) Title Card

This card contains a title for the run in 13A6, A2 format, i.e.
one complete card., This title appears at the top of every page., Vhen
Channel 3 is. utilized, the first 30 characters of the title are written
onto channel 3. When a subsequent run of the same ship is required, the
first 30 characters of the new run are compared with the 30 characters
that head channel 3, .



3) thi&n Control '

There are 14 option controls, some of which are inter—dependant. The
format is 15I2.

‘Option’ Description ) . Options

Letter . .
A Integration ‘ 0 " Simple Integration -

1 Trapezoidal

B Moment . 0 Calculate motions ‘ :
1 Calculate motions using mass distribution
2 Calculate motions and, momants using mass

‘ * distribution ' ‘
C Mass Distribution 0 Mass
' . 1 Weight .
D. Wave Spectra .0 Regular waves

1 Neumann
2 Pierson~Moskowitz
3 I1.T.T.C., two parameter

E Degrees of Freedom 0 Vertical plane only
+ 1 Vertical and lateral plane
2 . Lateral plane only

F ‘Spreading function 0 No spreading
N Nth power of cosine used as spreading
function

-1 Generate file on channel 3 no print out of
two dimensional properties

G Two-dimensional properties 0 Generate file on channel 3
. : 1 Read file off channel 4 and printout
numbers
2 Read file off channel. 4 and have no
print out
H 'Moment closure . 0 Suppress closure calculation
' 1 Calculate and print out closure
' results
1 Output ~ 0 Dimensional
1 Non~dimensional
J . Torsion axis ) ' 0 Centre of gravity ‘
’ - .o 1 Waterline g
L Plotting 0 No-numbers written

1 Write to channel 5 numbers to be plotted
M Hull parameters _ 0 No call to MTHULL
. 1 Uses parametric routine

N " Long term statistics 0 No call
: 1 C€all and print out regular data
2 Call and no print of regular data
'3 No printing of regular data and no call
. to LTS
P Slamming and wetness 0 No call
' ' 1 Calls statistical motions at relevant
ship stations
2 Calls slamming package



_ One other number after P is required this is the number of
segments of the ship, If the option A is 0 then the information is
required at the half stations starting at the bow, e.g. . 24 .oen
20}, if number of segments is 20. . If option A is .1 then the informa-
tion is requ1red at the following stations 1, ..... 21 if number of
segments is 20,

i

1f option M is land selected skip the following details and go
to the end of this section.

4 _Ship Particulars . ‘ .

The card format is 10X, 3F10.5, F10.3. This.card contains the
ship length, water weight density, acceleratlon due to gravity and the
ship displacement.

This card determines the-units that the prograpﬁe operates in.

5 Section Particulars

The card format is hFlO 4. There are optieh A + number of segments
of these cards. -

’

. Each card contains the waterline breadth area coefflclent, draught
and if required the centroid of each sectxon.

The centroid of this section is measured from the waterplane
downwards. If prior knowledge of these parameters is not - ‘known a two~
d1mens1ona1 Moorish Approximation is used. :

6  Lateral Plane Card ' : , ,

The card format is 2F10.4. The information contained is the ships
overall vertical centre of gravxty measured from the waterline positively
'upwards, the second number is the radius of gyration in roll. This card
is used only with E = 1 or 2.

\

7 Summary Mass Card \

The card format is 2F10.4., The longitudinal radius of gyration of the
ship followed by the longitudinal centre of gravity of the ship are on this
card.

This card is required only when B is zero, otherwise these values
are calculated from the mass distribution.

8 Section masses or weights

-~

The card format is 3F10.4. These cards are only used if option B is
_pon zero.- For each of the sections, the weight or mass, the vertical -
centre of gravity and the roll gyradius is required.

The weight or mass is determined from option C.

The section V.C.G. is only necessary for lateral bending calculations
and is measured vertically positively downwards from the sths overall
vertical centre of gravity. If the section V.C.G.'s do not give
agreement with the overall" vertical centre of gravity then balanclng is

‘performed to satisfy this condltlon.

9 Moment Stations

The. format is 3110. The first number is the first station that the
moments are- calculated at, the second is the last station, and the third
number is.the increment between these statioms.




l

. When irregular seas have been specified one statlonsresults are stored
. for spectral calculations. ‘Vhen a range of values are specified and
printed, only midship values are stored for spectral conditions.

10 Run Control Card

The card format is 4F10.4. This card contalns the wave amplitude, .
the initial frequency or wavelength, the flnal frequency or wavelength,
and the increment between thesevalues.

A maximum of 51 frequencies or wavelengths is allowed.

The wave amplltude is .used for contlnulty within the programme., If,
the value is >0.0 the programme continues using the new valués on the
card. If the value is 0.0 the programme is stopped ‘and new data is
input from 2 onwards. If the value is negative the programme is stopped
completely, :

’

If for some reason, say a range. greater than 51 wavelengths, then
to run at some other wavelengths the values are put on this card and the
catds that follow card 10 are duplicated. o -

r
s

The parameters 2, 3, 4 on this card are frequenc1es or wavelengths -
depend1ng whether regular or irregular seas have been spec1f1ed. 1f
option D is non-zero they -are frequenc1es, if optlon D is zero they are
wavelengths. - ;

S

/

' 11. Number of Speeds . \

This card contains the number. of speeds the ship is run-at, with a
maximm of 10, : . . l

The format is 13.

12 Sgeeds '

"This card has format 10F8.2. This card contains a list of speeds
in knots. The values are converted to the appropriate units and printed
out in these units. .

13 Roll Damping R -

This is only used if option E is non zero. The value is the specified
fraction of critical. damplng at the natural resonance. The format of this
- card is F10.3. -

-
]

. 14 Vave Angle .

This card contains the 1n1t1a1 final and 1ncrementa1 wave angle in
degrees that the ships heading values take. Head seas are designated by .
180.0°. The format is 3F10.4, '

-

15 Wave Spectra

If Option D is non zero then this cerd is used. If the Newmann spectra
is used the parameter is the wind speed in knots.. If the Pierson-Moskowitz
is used then the significant helght of the waves is used. 1If the I.T.T.C..

_4_
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two péramefer is used, then two cards are required.' The first contains
the significant wave height, the second the mean period of the sea state.

In all cases the-first card is of format I10, 10F5.1. The second
card is 10X, 10F5.1.

!

The first cards first number is the number of spectra.

\ 16 . Irregular seas '

'

If option P is 1 then the values of the absolute and relative
acceleration, velocity and motion are output for specified stations.

This card has format I2, This is the number of stations that are
. specified.
17 _Station Number - | .

This card has a list of station numbers. Formak 21 X2,
There are, card 16, of these statioms.

18 Control _ SN
*  This card is now inserted according to choice in data card 10.

\

b Option Control M

This option is chosen for a parametric hulllstudy-by value of 1.

i

The data cards specified by data cards 4 and 5 are missed out and
the following are inserted.

As a basic requirement of M being 1, the follow1ng values of certain
options are also required

B = 0, C=0, H=0, N=0, G=0
Also no channel 3 is required.

Data Cards
M1l Format 8F10.3

Ship length -
Circular M (length/dlsplacement ratio)
Beam to draught ratio

Mid -ship section coefficient Cm -
Prismatic coefficient | ‘ . ~
Waterplane area coefficient Cw

Section coefficient at station 2

Half angle of entrance in degrees

/



Also, if there were two specified speeds, say 10 kts, and

20 kts

Probabilities might be as follows:

Group/Spec
1

2
3
4

10
0.50
0.60
0.70

0.95

20
0.50
0.40
0.30
.05

!

Similarly this type of grouping is applied to direction and
waveheight. 1In this case the waveheightscan be in different groupings
and the probabilities of being in a particular direction when the waveheight
is in a group are required. There is one fact to remember when enumerating
these probabilities, which is, remember the responses are to waves from’
o® + 360°, but the programme will only need be run for angles of o° - 1800,
Thus for angles other than head and following seas, the probability of
~occurrence for angle is double that of what you might expect. '

For example, if only angles of 00, 450, 900, 1350, 1800 are
calculated, and the waveheipghts are grouped as above, then the probabilities

might be
Group/angle 0 45 90 135 180
1 0.125 0.25  0.25 0.25  0.125 (equal all directici)
2 0.08 0.16 0.16 0.40 0.20 ‘ :
3 0.05 0.10  0.10 0.50 0.25
4 0.00 0.00 0.00 0,40 0.60
N.B. In group‘l each direction is equally probable, thus each direction

has a probability of 0.125, so since the.response at 9C° is the same is 2709,
its probability is therefore 2 x 0.125
probability split of 0.40 to 0.60 of following to head seas, within each
band, equal probability, i.e. for head seas 0.60/3 = 0.20,for each

heading is assigned.

= 0,25,

In group 2, there is a

The maximum values that can be attained are also, input. The
programme calculates for this value and increments of 10% of this value,
the probability of the value be exceeded in a number of cycles assuming
the conditions are the same., The number of cycles that are present are

500, 1500, 3000, 1C000, 20000 cycles.

Data Input

- % Termat 212

Number of waveheights NW

(Max 10)

Number of waveheight ramges NR (Max 7)

N2 Format 10F8.3

Waveheights that are used in the calculations

N3 Format 8F10.3

Limits of waveheight ranges for directionm.

There will be

NR~1'values. A maximum of 6 limits, meaning a maximum of

seven ranges.

N4 Format 8F10.3

Limits of waveheight ranges for speeds. There are NR-1

, values.

_9_

A table of values are thus output.



N5 Format 10F8.4

Probabilities of occurrence of waveheights of given period,
The most rapidly varying data input will be waveheight,
thus if there are KT periods, and NW waveheights, the:
first NW pieces of data are associated with mean periqd
one, and the next NW with mean period two. The data is
packed 10 to a data card no matter how many wavehelghts
there have been input.

N6 Format 10F8.4

Probability of occurrence of given heading in given wave
range. The most rapid varying data being direction. The
data is. again 10 to a date card no mattér how many directioms.

N7 Format 10F8.4

Probability of occurrence of given speed- in given wave tange.
The most rapid varying data being speed, The data is. -again
10 to a data card no matter how many speeds.

v

N8 Format 2F10.3, or 3F10.3, or 5F10.3 ' S

This card has 2, 3 or 5 numbers dependlng which value. of
Optlon E has been chosen _ . ‘

If IE = 0, i.e. vertical motions only

vBMAX Maximum vertical bending moment
VS AR Maximum vertical shearing force . "

If IE = 2, i,e., lateral motions only

LBMAX . Maximum lateral bending moment
LS MAX Maxlmum lateral shearing force
TMMAX Maxlmum tor51ona1 moment

If IE = 1, i.e. both sets of mntjons

L
1

| VBMAX, VSMAX, LBMAX, LSMAX, TMMAX

H

_,]‘_6_



SECTION 1I

1 .
- Taking cotordinates as in figure 1, the o ,X', ¥', z' system are fixed
in space, the ox, y, z system is fixed in the centre of gravity of the ship

\\;w/' & ' ' ><
~ -1{,@ J o

e,
| 3

‘ s > A
v v
_ VY ' .
If the ship travels with speed V at some angle B defined by the diagram,
(180° is head seas) : :

Let the linearised velocity poténtial for deep-water waves be given by

—Kkz' . '
¢, = = ace k2" cos (kx' + wt)

‘where a is amplitude of wave

s

c is wave speed ) . .

k. ' wave number ' _ "
A wave length \
] z' vertical co-ordinate positive "downwards
x' horizontal axis at right anéles tolwave crests
t time
Now x' = -(x + Vt) cos ﬂ: -~y sin B

1 v

y' = +(x + Vt) sin8 -y cos B

The surface elevation n (positive upwards) can be expressed as follows:-

1 %% '
n = = (=) = asin (kx',+ wt)
R g 3z t .
now if this wave elevation is referenced with respect to the centre of gravity
of this ship x =0, ¥y = 0

. n a sin (-Vt cos B k + wt)

n a sin (wet) .

if we define w_, = w = kV Cos

- 11 -



Vertical .Plane Equation
If .z represents heave, and © the pitch about the centre of gravity
z is measured positive downward
9 is measured positive bow-up -

The equation of motion, neglecting the surge components

H-; xb %édx + 7
R
. ™y
If Iye = - -3% xdx + H
where - M = mass of ship

I'y = mass mement of irertia of ship about y axis

% - local sectional vertical .hydrodynamic force on ships
Xgo» X co~ordinates of sterm and bow ends of shiﬁ, rgspecfively
zw,nw wave e-xcitation force and moment on ship '

If the force is takeii to be of‘ the form

gf; (A33 ¢ - X + ve) ) - N (; - x8 + ve!)' -pgB' (z - x9)

z - x6 + V0 is the vertical velocity of the ship due motions

p is mass density of water
A33 local section vertical added mass

‘Nz local section damping force coefficient

]
B local waterline beam
N 25 2
w
e R . ‘ .
A = ratio of generated wave to heave amplitude for vertical motions .

Thus: L& o p . (z-x8 +2v0) = (N -V 3233y (2 - x0 +7v0)
dx ¢ _ 33 z = :

- pgB' (2 - x9)

1f this expression for dz. is substitutedinto the equation of motion then.
dx

~a'z +bs+ic’z-d0 -0~ g'e = 2

A8 +BO+ Co-Dz~Ez -Gz = ¥,



‘ dA33
a' -M+JA dx , b J(Nz-v——-)dx

33 4 dx
¢! = pg [B'dx ,d = D = JA33 xdx
dA
— r _ - 33
e = (Nzx v A33 Vx dx) dx
J
- { . - 2
g (p%B x - VN + VO dA;, ) dx
dx
A = I + (A x2 dx
v [ 33
B =(Nx2—2VAx-Vx2 dA, ) dx
z 33 33
dx
c = (pr'xz- VN x + sz dAq )dx
_ z 33
' dx
= - [ !
E [(Nzx Vx dA33 Y dx ; G Jpr xdx
dx

All the integrations are taken over the length of the ship

L *:iZWr xbdZw
Ly = x dx dx, Mw - T )xdx xdx
s 5
where
dZ =
2 - - ' - . n} e kb
= {pgB'n + (Nz VdA33 n + A33n } e
dx
where h is the mean section draught
In this case h = TCS, T draught CS section area coefficient

The solutions are found and expressed by:-

= i +
z z, sin (met 3)

o
"

i +
Bo sin (wet €)

where 3, £ are the phase angles, The phases being relative to maximum
wave slope at mid-ships,

The local vertical loading is given by:-
dfz . . c:lZW
& C nlox®) gy tw

- 17 =



where &m is section massjunit length.

This is basically the sum of the inertial, hydrodynamic, hydrostatic and wave
excitation forces.

Thus the vertical bending moment is given by, at some point X

b4
o [ i
BMz (xo) = or (x - xo) I dx
xS xo

This is obviously expressed by

EMZ = BMZo sin (met + a)

c ain is relative to maximum wave slope at midships.
: P

Lateral Plane Equation

The coupled equations of motiom of swayy(positive to starhoard), yaw ¢
(positive bow-starboard) at roll ¢ (positive-starboard down ) are

dy
M = —_
y x dx da + Y
8
[
" i % iy
Iy ~I_0 = & Mx o+ Ny
X
drs
%
.. - i _
1o -L ¢ = L & dx - Mg GM & + K

where Iz = mass moment of inertia of ship about z axis
I = mass moment of inertia of ship about x axis

I = mass product of inertia of ship about x~z plane

= - local sectional lateral hydrodynamie force on ship
dK . . . .
= = local sectional hydrodynamic rolling moment on ship

Yy, Ny, Ky, wave excitation force and moment on ship
GM = Initial metacentric height ofship taken hydrostatically

Now take the forces to be of the form

%= -5 MM, (7 + x - V) - F 0 - N_ (v + = - V)

. —_— D - —_—
- + Nrs¢ + OG__'IE (qu)) + 0G NS &

_14_
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where

0G is distance of ship CG from waterplane, tositive up

L sectional added mass

Ns sectional lateral damping force coefficient

Ms¢ sectional added mass moment of inertia due to lateral motion
Ns sectional damping moment coefficient due to lateral motion

Ir sectional added mass moment of inertia

Nr sectional damping moment coefficient

F o sectioral lateral added mass due to roll motion

Nrs sectional lateral damping force coefficient due to roll motion

The added mass moment and damping moment coefficient are taken with
respect to an axis at the waterplane.

Additional roll damping moment to account for viscous and bilge
keel effects is taken as a particular fraction of roll damping:-

* - —
Nr I¢ Cc/L Nr (wQ)

where N_* sectional damping moment coefficient due to viscous and bilge

effects.

I, fraction of critical roll damping (empirical data)

Cc critical roll damping

L  i1ength of ship

W nautical roll frequency

Nr(WQ) value_gf Nr at fregquency Wy
c = 2MzGM

C mq)

If roll is taken alone

.. * - —
{ =
(Ix + I.r(m) dx)é + (Nr + Nr Yo+ ygfﬂ‘¢ F
For some frequency W,

— 2 f
MgGM w, {Ix +1_ (w,)dx} .

*
+ (N + N )Y iw @ = F
r e o o
— } 2 f
MgCM = w. (F + [ I (wp) )

_15_



2 2 {2 2 f
{ (w¢ w, ) Ix + E?¢ Ir vy Ir (me)edx
+ 1313- Ty 2 Mg GM } = MgGM Fo
Ye

s0 to find CO from a known value of the roll response at resonance

S
R = 2[,'0

The equation of motion can then be transformed into

A M = F
N N n
A = (ai.j) 1to3

@
[
[ng
[+
Yo

T
E = (Yw’ Nw’ Kw)

M = (v, Y. Ys ¥y Uy ¥, O, &, ¢)
L]

VdM
ay, = M o+ JMS dx a, = J(NS s )dx a4
dx
dMs
au’ = Insxdx a g = J(Nsx - ZVMS - de—x- ) dx
86 -V a12’ a;; = - [(Frs+ OG M ) dx
—VdMS — VdFrs
g ~ J(Nrs- 06 &+ 06N, - ) &



dMm
. s
29 % 0, 8y = JMS’“‘"' 32 *© J%P“‘a’ dx, 2,3 = O
A
= 2 = 2 _ d 2
ay, = I+ JMsx dx, a,, J(Nsx o (Msx ) ) dx
%% ° 'Vazz' 87 = ° Ixz- J(Frs + 06 Msx) dx
—— dMs —_ dFrs
328 = - J(Nrsx - 0G }Qa—'*‘ oG Nsx - Vx dx ) dx
az9 = Q
a3, = - (MS¢ + 0G Ms) dx
dM
332 = 'J(quw + O N - w=22-v06 —2) ax
s dx dx
a33 = 0O
3.34 = -Ixz —J 0{S¢x + _CGst) dx
___ de' L dMS
335 = = J(Nstbx + 06 Nsx - Vx ax - VOG xEx—) 4x -2‘!&),31
ag = " Vag
a3; = Ix + j(lrdxi-cc Msdb + CG Frs + (G Ma) dx
— 2
agg J((N;_+N)+ OGN5¢+ OGN8+ 0G™ N
dI daMm d¥ dm
r —_— s¢ — —2 s
a9 = Mg T
The forces
Eiw * Vv & x
b4 X
S ]
*p
R? = dj’ dx

X, _ -17 -



2] %
€

DV M v, aM, '
B AR T L AP S A

EEL sin B
sin A

35' sin B
)
¥
CdK o gt3 DV . "B sin B
rralie 'B:(Mw"w)**’[—i'z"s';}'ﬁ‘r“”sqa V| sl 2
L ]
E%— sin B
dy
—
- 0G dx

V. is lateral orbital wave velocity

S local section area

z local section at centre of buoyancy from waterline
ad

v = —-.--—!

W 3y

Thus the equations of motion are solved to give

y = yo sin (met + ¥)

<
L]

. + q
wo sin (wet )

= ] +
) ¢, sin (wet v)

The ¢, o, v are the phase angles relative to maximum wave slope at
midships. .

The local lateral and rotational loading are given by

daf dy

2L - - N 5 = 7o 4y -

Ix Sm (y + = zd) + T + =

K o som e v (- s3 - 50
dx my &p 12 2

&,
dK
- gdmﬁl + E; + a%



where ¢ 1is local centre of gravity positive down
Y 1is local gyradios of roll

The lateral bending and torsional moments at location x are

then - 4
X, xb dfy
BMy (xo) = I (x - xo) e dx
s o
IEo xb de
'l'.‘J!'lx (xo) = x °F Iy (x - xo) e dx
[/ %s o]
Then
= BM i
BMy vo sin (met + 1)
™, 2= T sin (wet + )

The requirement on the local centre of mass is

xb

dmgdx = O

and

I = dmx 7dx
XZ

48

Wave Spectra Equations

The wave spectra for calculation in irregular seas is considered
to be of the form of two separable functions

S (wyw) = & (W) S, (W) O<w<x
/2 <u< n/f2
¥ 1s angle relative to predominant direction of wave to ship
S1 is frequency spectrum

Sy is spreading function

- 19 -



The mean square spectrum is given by

oo n/2
2
a = S (w,u) dwdu
0 -r/2
w/2
N ow 52 (W) duw = 1.0
-n/2

Three types of spectra can be specified

Neuman
' 2,3 2,22
s, (w) = 0.000827 g 7 exp (28" /(wu") )
W
Pierson-Moskcwitz
2, 4
0.0081 2 ~ 3:1l/hy,5/w
Sy = —%5—8 e
i

in metric units h1/3 is significant wave height in metres

lea

2 ‘3-33.50/hl/3

Sl(wﬁ 0.00?15

w

in imperial units, h1/3 is significant wave height in feet

Two—~Parameter
4
AB -B/w
W
4
2 2n
A 0.25 Hi/3 B =[0.817 T ]
' mo th
T = — _m_ is the n moment of the spectra
ml ) n

The spreading function is specified by, for short crested seas

SZ'(u) = G(N) cos u

where G(N) is a constant for each specified N

52 (u) = & (u) the Dirac Delta function;for long crested seas

_20—



SECTION 1T

STRUCTURE OF PROGRAMME

MASTER SEGMENT SCOR

This segment controls the callirng of the main subroutines, depending
upon the input parameters.

It has calls to DATE, PRELIMB, PRELIMC, ROLD, ALINT, COEFF, EXCITE, |
MOTION, BENDSH, TNIRPA, STATI, ACCEL, SPREAD, SIM102, and LTS.

Subroutine DATE

This reads the date as the first data card in 2A6 Format.

Subroutine PRELIMB

This subroutine reads in all the basic data up to the wave amplitude
card., It processes and compares various input parameters with calculated values,
It outputs on to the line printer the basic data, \

The subroutine has calls to MTHULL, and function SINT. If something is
drastically wrong with the inmput data, the subroutine will abort the programme
with a message and an error number. The list of these error messages is found
at the end of this Chapter.

Subroutine PRELIMC

This subroutine reads the running information control cards, i.e. wave
amplitude, wave angle, frequencies and statistical information for spectra.

This has calls to the subroutines PAR, CKLEW, ZIPSMO, and TDLR..

There are two block data areas that are initialized by this subroutine. The
first sets the array STS, with hollerith characters for outputting values in the
subroutine STATI. The second sets the values of the array OMT, the frequency
parameters of which there are 25 used in the calculation of the two dimensional
properties,

Subroutine ROLD

This is called from SCOR, to provide the calculation of the resonant reclling
frequency and also to use the input value of critical damping, to calculate a
value of additional viscous damping.

Function SINT

This does integration by either a simple summation or trapezoidal rule.
The choice being dictated by the first value of the function call.

Subroutine MTHULL

This subroutine calculates the beam, sectional area coefficients and
draughts from basic input data M for example,being one of the fourteen
values required.

Once these values have been calculated it then proceeds as with a run
that has the sectional area coefficients,draughts and beam as the input.

- 21 -
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Subroutine CKLEYW

This subroutine checks that the beam, draught and sectional zreas of a
section conform to the requirements of a Lewis form. If the section is below
the minimum area allowed then the area is increased to this minimum. If the
section area is larger than the maximum, the area is decreased to this maximum
value., In both cases a message to this effect is printed.

The minimum section area coefficient is

3 {, D~
7 |23
The maximum section area coefficient is
b B 2D 1
- + — &
.l 10
where D is the section draught, B is the section beam.

Subroutine ZIPSMO

This calculates the so called 'added mass' and "damping coefficient’
per unit length of each station for all the frequency parameters set in the
array OMT, for heaving and pitching motions. The method that is used is that
attributable to 0. Grim,.

The only subroutine that is called is MATPAC.

Subroutine MATPAC

This subroutine is used for inverting the matrix that is generated by
ZIPSMO. A method of Gaussian elimination is employed.

Subroutine TDLR

This subroutine calculates the so called 'added mass' and Yamping
coefficients' for the lateral motions for all the frequencies. The method
that is used is that of F. Ursell, but with a Lewis transformation applied to
the circular cylinder. The method of least squares fit is used to determine
the coefficients of the polynomials for added mass and damping. In this method
15 points are chosen around the section contour,

Subroutine ALINT

The subroutine is used to produce a linear interpolation of the two dimen—
sional properties of the sections. This is required because all the two dimen-
sional properties are calculated at preset frequencies, so when an actual value
of frequency is used, the values will probably have not been calculated.

The interpolation method used is a six point forward and backward difference
operator method,

Subroutine COEFF

This calculates the coefficients of the equations of motion of the ship.
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Subroutine EXCITE

This calculates the wave exciting forces for whichever motions have
been selected. '

Subroutine MOTION

This subroutine solves the equations of motion with the coefficients
and exciting forces that have been calculated in EXCITE and COEFF,

Subroutine BENDSH

This subroutine calculates the bending moments and shearlng forces at any
specified stations of the ship. Thegevalues are also output, in non-dimensional
form if necessary.

The subroutine will store even if no output is requxred,the values of
bending moments and shearing forces at one station for outputting by TNIRPA.

Subroutine TNIRPA

This outputs the motions and bending moments calculations., One table of
results contains the vertical motions and vertical bending moment, another table
contains the lateral motions, lateral bending moment and tor51onal moment, and
the third table contains the shearing forcis, both lateral and vertical.

Subroutine PAR

This calculates the spectra that have been specified at the required
frequencies.

Subroutine STAST

This routine is called when all the regular wave data has been calculated.
With the information from subroutine PAR it forms the irregular sea response.

Subproutine ACCEL

This calculates the absolute and relative motions, velocity and acceleration
at specified stations in the Spec1f1ed sea states, This calls function SINT,
It outputs information for use in S1M102.

Subroutine SIM102

This calculates the probability of exceeding a specified probability of
wetness, acceleration and slamming in a certain time span in the sea states
that the ship has experienced,

It has the varisnces of the absolute acceleration, relative motion, and
relative velocity as input via a common area from subroutine ACCEL.

Subroutine MATINS

Thls inverts a matrix returning the inverted matrix in the- same array
as when -the subroutine was called. It has an identifier for singular matrices.

Subroutine LTS

This subroutine is called by SCOR, It tkas input from data cards of the wave-
heights, the prcbobilities of beinp at a specified waveheight with specified mean
period, the probabilities of maintaining the specified speeds as the waveheight
exceeds some value, and the probabilities of maintaining the specified directions
as the waveheight exceeds some value, The maximum values of the bending moments
and shearing forces are also input.

Calculations are done on these input values andithen"the actual computation of
exceeding the value of the bending moment is done via subroutine PROBS.
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List of errors output by PRELIMB and PRELIMC

Subroutine Error No. Reason

PRELIMB/C 0 No. of sections > 21
' No. of wave angles > 25
No. of wave lengths > 51

PRELIMB 1 Weights > 1.02 PMisplacement or
Weights < 0.98 Displacement

PRELIMB ‘ 2 Volume > 1.02 Displacement or
Volume < ©.98 Displacement
PRELIMB 3 Centre of gravity — Centre of

buoyancy is > 1.03 LBP, or < 0.97 LBP

PRELIMC 4 . Error in increment of wave angle,
wavelength, or station number

PRELIMC 5 The two dimensional properties
calculations are incomplete due to
a singular matrix in the calculations.

PRELIMC 6 File nare of previous calculated two
dimensional properties, does not tally
with input values,

Other messages that can occur are due to the TDLR subroutine which when
calculating the velocity potential of the laterial motions performs a check on
the wave amplitude. Values that are output are the P, Q series of the
potential and stream functions respectively. HO is Beam/(2 x Draught) of the
section, S1G = Section area coefficient. XIB = HGx frequency parameter.
The frequency parameter is ome of the 25 preset values, and represents values of

w2D , where D is the draught of the section,
g
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