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Overview

The manual is a user guide for the suite of programs

SORACOS V3.2,

SORACOS is designed to simulate the non-linear rolling motion
of a ship in regular beam waves at zero speed. It can supply
the user with a wide variety of tabular and graphical output
including the frequency response of the rolling .ship, some
measure of its stability, and/or a time dependent rolling

response,

The user can select the mathematical model he wishes to use,

Currently there are two,

(i} 'Model 1' was developed by the University of
Southampton by Wright and Féat. (l).

{(ii) '"Model 2' was developed by the University of
l' Newfoundland by Bass. {2).
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CHAPTER 1- ~

OPERATING

ENVIRONMENT



1. Operating Environment

The subsequent sections define the hardware and software

enviromment required by the SORACOS suite.

Details of actual channel assignments, file names etc.
can be found under the appropriate programs section in the

Software Description {(chp. 3).



1.1 Software Requirements

The SORACOS suite is written in an extended form of ANSI X3.9
1966 FORTRAN IV, and is not upward compatable with FORTRAN 77.

The extensions used are as follows:

(i) Use of END, ERR in a READ statement.
"i.e. READ (NIN, 900, END=10G, ERR=200)A

{11} Use of list directed READ statement .
i.e. READ (NIN,*)A
This allows free format input.

(iii) Use of ontes in-format statements
i.e. 905 FORMAT (1H, 2X,'**** ERROR 10')

SORACOS also uses the GIND-F graphics software library MK2.6.

1



1.2 Hardware Requirements

SORACOS was designed to be used on a PEIME 550 computer system.

However, it is relatively machine independent and can be executed
on any comparible system capable of the software s&pport cutlined
in the previous section and the hardware support outlined in this

section,

In addition to the computer, a linéprinter is required for the printing

‘of results. Some form of file storage, usually disk is alsc needed.

The user interacts with the program via a tektronix type graphics
terminal and perhaps a CALCOMP 81 flatbed plotter. - Alternatiﬁely

the user could interact with SORACOS via a normal VDU and CALCOMP 81
plotter. . ' .




CHAPTER 2
THEORY



2. Theory

To be able to use the suite of programs, one must be familiar

with the theory that SORACOS employs in modelling the system.
MODEL 1 (UNIVERSITY OF SCUTHAMPTON)

Roll in a Beam Sea

Consider a ship rolling in a long crested wave system, incident

on the beam. The basic frame of reference is a fixed, right

- hand coordinate system (x,y,Zz), origin on the still water

surface, with the ship moving forwards along the x-axis, with

the y-axis positive to starboard. Suppose for simplicity that the
centre of gravity lies on the load waterplane. Let the angle

of roll be donated by ¢. Suppose the waves are long in comparison
to the ships beam so that the waveslope as experienced by the

ship is approximately that . on the x-axis. If we assume that

B = o¢-o and given that the waves are pericdic with a maximum

slope of o, and frequency w then the relative roll equation can

M
be stated thus -

alt) = @, cos (wt+§)

: 5 + D(é,@) + R(8,t) = B + fcos(wt +48)

It must be noted that for comparison with experimental results

it is necessary to predict. absolute response e%en though . the
equation solved is reiative. This is achieved via a transformation
which assumes that the harmonics of the solution are small

compared to the fundamental.

B represents a static bias which introduces assymetry into the
system. Possible source of such a heeling moment could be the

wind.

R (8,t) is a restoring moment and relates to the GZ curve.

D (8,8) are the damping terms.



fcos({wt +§) is the forcing function and relates to the wave system.

Restoring Moment {R(8,t))

‘R(B,t) = {1 - pcos(wt + Gp))(rlB + r

The form of the restoring moment is given by

3 .5 n 2
29 + r30 ...rn+10 ) (mo )

2 rl

Each of these terms is now discussed in more detail.

GZ Curve

For the mathematical analysis of the system, a method whereby
the GZ curve can be accurately represented is needed. This is
done by fitting the GZ curve with an odd order polyncmial, and

using this polynomial for the GZ curve.

The order of the polynomial is selected by the user, depending
on the accuracy of solution required; between third and fifteenth
S are available to the user

2 nt+l
once he has defined the shape of .2 his curve.

order. The coefficients rl,r

The term wo is introduced via

‘Parametric Excitation

The guantity

1 - pcos (wt +d&p) -

takes into account the effects of ship position on a wave,

and if required heave coupling.

Now 8p is given by

p = &+ &p



If the forcing function has zero phase shift then:-

{o)

R{6,t) = (1 - pcos(wt + 8p}) R (8)

It can be shown (1) that when position on a wave is included:

{o)

R(8,t} = (1 + aMsin wt) R (9}

where
1 - pecos(wt + 8p) =1 + o, sin wt

hence . ;

In addition to position as a wave effect for a time dependent
restoring function, the displacement volume of a ship can

vary such that

Vl = (1 + Py, sin{wt + Gz))v

If pressure and heave effects are combined we have

(o)

R(8,t) = (L -~ pcos (wt +8p)) R ()
with

pcosdr = -pzsinGZ

psinér = oy + pzcoséz

The user must therefore select the effect he requires to include

and calculate the appropriate values of p and Gr.

It is obvious that the wvalues of p and Gr depend on frequency w
as well as ship geometry etc. An option is theréfore provided
to enable the user to either have a fixed value of p and Gr, or

the define p and § as a function of frequency.

o



Damping Coefficients

The rell damping is given by

D(6,8) = k.06 + k.60 + k.6

where kl and k3 ére found from roll decay experiments.

A more detailed discussion of roll decay experiments and
how to obtain those parameters can be found in (5). At
pfesent, the angle dependent damping term tl is set to
zero, however, should reliable estimates be available

then, they can of course be used.

Forcing Function

The forcing function can be expressed as

+ = ————
B + fcos({wt +8) B + T35T gnm cos (wt+8)

where B is a constant heeling moment due to wind (input

"to the program as a still water bias angle) and 8I represents

the added mass in roll.

The computer program uses a guantity ag which represents the

teffective wave slope' to giﬁe '
' o2
f cos {wt +6) = -~ w cos (wt +6)

In the development of this program and in the example, the figure
is
= O.BaM

e

Inclusion of Sway

A more complete discussion on the inclusion of sway can be found

in (4), but briefly -

Assume sway motion involves a known drift velocity term and a

periodic component of frequency w, phase dJy

7



y(t) = yd(t) +y sin {wt +8y)

where = drift velocity’

Y4
the roll equation takes on the additional terms:-

. e

LAY [ -
© + D) + R(®) +sy+S,y = B-a_

n.b. s S, include term " 1
1
» 2 I +68I

The extra terms that are required by the program to include

sway is
Sl, 52, vy’ Yo and &y
all of which are functions of frequency.

‘Time Domain Solution

The theory outlined from the basic differential equation
describes the behaviour of the ship, rolling in the time

domain.

The program 'TIMEPHASE' solves this equation (without sway) using
either the.Runga—Kuttg-Mertson method, or the trapezoidal method
(with error control}. The aiffefence between theé two techniques
is that RKM is much faster for the same error margin but TEC can
supply a more accurate. solution when the system is close to its

limit of stability.

‘Pertubation Series Solution

To obtain the frequency response, a pertubation scheme was applied
to the original differential equations (with/without sway)

tolform an equation which defines the system in the-frequency
domain. This is solved at different values of wave frequency
to obtain the amplitude and phase of the roll motion together

with the harmonics.



Stability Parameter

If the frequency response can be determined then a value for the
stability 'GAMMA', can also be obtained.
Gamma gives an indication of what happens to the solution in the

time domain, if it were perturbed.

The way this parameter is determined and how it is found
thecretically can be found in (3). However it is sufficient to
say that should gamma be positive, with no other alternate values,
then the equation is considered unstable. Conversly, should
gamma be negative with no alternate values, then the ship .

is considered to be stable.



MODEL 2 (UNIVERSITY OF NEWFOUNDLAND)

Roll in a Beam Sea

Consider a ship rolling in a long crested wave system, incident
on the beam. The basic frame of reference is a fixed, right

hand coordinate system (x,y,2z), origin on the still water surface,
with the ship moving forwards along the x-axis, with the y-axis

positive to starboard. Suppose for simplicity that the centre of

gravity lies on the load waterplane. Let the angle of roll be dencted

by ¢. Suppose the waves are long in comparison to the ships beam
so that the waveslope as.experienced by the ship is approximately
that on the x-axis. If we assume that 6= ¢-a and given that the
waves are periodic with a maximum slope of dM and freguency

then the relative roll equation can be stated thus -

alt) = aMcos (wt+8)

6 + D(é) + R{0,t,B) = fcos (wt +§)

It must be noted that for comparison with experimental results it
is necessary to predict absolute response even though the equation
solved is relative. This is achieved via a transformation

which assumes that the harmonics of the solution are small coﬁpared

to the fundamental.

B represents a static bias due to shift in cargo, flooding etc.

which introduces assymetry into the system.
R(§,t,B) is a restoring moment and relates to the GZ curve.

D(é) are the damping terms.

fcos (wt +§) is the forcing function and relates to the wave system.

Restoring Moment (R({6,t,B))}

The form of the restoring moment is given by

R(8,t,B) = (1 ~ pcos{wt +8p)) (F(B) - F(8g) - ZOH(B)sin(mt +Gz))

10



where
2 3 5 n
F(g8) = E_ (rle+ r26 + r38 .o rn+lB )
1
2 3 5 n,.
and‘H(B) —29. (hlB+h26 + h36 oo hn+la )
hl ' 2

Each of these terms is now discussed in more detail.

GZ Curve

For the mathematical analysis of the system, a method whereby

the GZ curve can be accurately represented is needed. This is
done by fitting the GZ curve with an odd order polyncmial, and

using this polynomial for the GZ curve.

The order of the polynomial is selected by the user, depending
on the accuracy of solution required, between third and fifteenth
order. The coefficients of F{B) (and H(B)) are available once

he has defined the shape of his curve (s).

The term ZOH(B) sin (wt +GZ) represents the time and angle dependent
changes in righting lever, GZ associated with changes in displacement.
The parameters Zo and dz represent the amplitude and phase of the
relative heave motion. H(8) is an odd order polynomial of a GZ

‘type' curve derived from the cross curves of stability for the ship.

Its derivation is given (@)..

We note here that the bias term is included in the left hand side
of the equation, within the time dependent parametric factor.

See (2) for a detailed explanation of this and for the derivation

of ﬁ(ﬂ).

Parametric Excitation

The quantity

1 - pecos (wt + 8p)

takes into account the effects of ship position on a wave,

and if required heave coupling.

1§



Now 6p is given by
§p = 6+ &p

If the forcing function has zero phase shift then:-

©) (q,¢,8)

R{6,t,B8) = {1 ~ pcos{wt +8p}) R
It can be shown (1) that when position on a wave is included:

R(0,t,B) = (L + &Msinmt) 2 (0,t,8)

where
1 - pcos{wt +8p) =1 + aMsinwt
hence
T
6}_‘)—5-
P = oy

In addition to position on a wave effect for a time dependent
restoring function, the displacement volume of a ship can
vary such that

1 ,
V- = (1 + p251n(wt + SZ)JV

If pressure and heave effects are combined we have

R(0,t,B) = (1 - pcos(mt+6r))R(°)

{(8,t,B)
with

pcosd‘r = - pZ51nGZ

p31n5r =y + pzcoséZ

The user must therefore select the effect he requires to

include and calculate the appropriate values of p and 6r.

It is obvious that the values of p and Gr depend on frequency

w as well as ship geometry etc. An option therefore is provided
to enable the user to either have a fixed value of p and Gr’

or to define p and Gr as functiong of fregquency.

L



Damping Coefficients

The roll damping is given by

+ h3
D(8) = Kle + K39

where K.l and K3 are found from roll decay experiments. A more

detailed discussion of roll decay experiments and how to obtain

these parameters can be found in (5).

‘Forcing Function

The forcing function can be expressed as

fecos(wt +§) = I o mz cos’ (wt +68)
I+81

where $I represents added mass in roll.

The computer programs uses a quantity o which represents

the 'effective wave slope' to give
2
fros(wt +8) = o cos (wt +3§)

In the development of this pfpgram and in the examples the

relationship is

¢ = 0.8
e m

Time Domain Solution

The theory outlined from the basic differential equation

describes the behaviour of the ship, rolling in the time domain.

The program '"TIMEPHASE' solves this equation using either the
Runga-Kutta-Mertson method, or the trapezoidal method (with
error control). The difference between the two techniques

is that RKM is much faster for the same error margin, but TEC
can supply a more accurate solution when the system is close

to its limit of stability.



Pertubation Series Solution

To obtain the frequency response, a pertubation scheme was
applied to the original differential equations to form a set
of equations that define the system in the frequency domain.
This is solved at different values of wave frequency to

obtain the amplitude and phase of the roll motion together with

the harmonics.

Stability Parameter

If the frequency response can.be determined then a value

for the stability 'GAMMA' can also be cobtained.

Gamma, gives an indication of what happens to be the solution

in the time domain, if it were perturbed.

The way this parameter is determined and how it is found
theoretically can be found in (3). However it is sufficient

to say that should gamma be positive, with no other alternative

values, then the equation is considered unstable. Conversly, should

gamma be negative with no alternate values then the ship is

considered to be stable.
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3. SOFTWARE DESCRIPTION AND USE. .

The following sections describe how to execute programs

from the SORACOS suite. The descriptions relate to use

on a PRIME 550 computer, but the principles involved

would apply to any system.

The SORACOS suite consists of four programs viz.

GZPHASE, PERTPHASE, TIMEPHASE, GLOBALS. Briefly

(1)

(ii)

GZPHASE

Defines the GZ curve by generating odd order
coefficients for a polynomial that fits the

curve specified by the user. Alternatly the
program can be used to plot curves for which

the polynomial coefficients are already available,

PERTPHASE :This program will produce a fregquency response

and stability response for the ship using one

of the selected mathematical models.

(iii) TIMEPHASE :This program produces a time domain response

{(iv)

GLOBALS

using one of the mathematical models previously

deécribed.

Globals contain routines used by (i), (ii} and
(1ii) and must therefore be executed in conjunction

with the appropriate program.

s



3.1 GZPHASE
Purpose
The purpose of this program is to take points that represent

the users Gz curve, and, depending on the weighting and order,

produce the polynomial coefficients.

Output consists of a list of coefficients and a choice of

plots.

If the user already has the coefficients then those can be

input and the program will produce a plot of the fitted curve.

Data
The first stage in the execution of this program is the
creation of a data file. 1In the examples used the name of

this data file is "GZDATA'.

The format of this file will depend on what the user wishes

the program to perform. The choices are

(i) calculate polynomial coefficients from GZ curve.

(ii) input polyncmial coefficients for plotting.

The detaiis now follow.

2



Input Data

All units are metric and data is input in free format.

line 1 (80 alphanumerics)

title

line 2 {2 integers, 1l real, 1 integer)

GZWGHT

GZORDR

GZVNSH

IOPT

GZNPNT

specifies the weight required for curve
fitting.
GZWGHT=1 accurate at small angles of heel

GZWGHT=2 accurate at large angles of heel
specifies order of polynomial that fits the
GZ curve. Must be odd and in the range
3...15.

Vanishing angle of GZ curve (rads)

Flag for option

IOPT=0 ; requires program to calculate odd oxder

polynomial ceoefficients that best fit the GZcurve

I0PT=1 ; user supplies GZ coefficients for

subsequent plotting.

‘line 3 (1 integer) |IF IOPT = 1 IGNORE THIS LINE |

number of pairs of points that describe the users

GZ curve.

line 4 (2 reals) |IF IOPT=1 IGNORE THIS LINE |

GZANG(I)

GZAMP (1)

Note 1.
2.

the x-coordinate (heel angle)of the Ith

(rads)

point of the users GZ curve that is to be fitted

with a polynomial

the y-coordinate (GZ) of the Ith point of
the users GZ curve that is to be fitted

with a polynomial

There are GZNPNT lines as I = 1, GZNPENT

There is one line for each pair of points.

vl

(metres)



line 5 (1 real) |IF IOPT = O IGNORE THIS LINE|

GZCOEF (I} coefficients of the odd order-polynomial that
define the GZ curve that is to be plotted such
that

3 GZORDR
rlB + r36 "'rGZORDRe

where GZCOEF(I) = r

I
Note 1. There are {GZORDR + ﬁVh lines as
I =1, GZORDR, 2
2. There is one line for each coefficient.

\e




‘File Usage

Having created the data file, the next stage is to ensure the

files required by the program are accessible. (i.e. have

been 'OPENED'). The file usage of GZPHASE {(and GLOBALS) is

as follows-

FORTRAN PRIMOS FILE
CHANNEL FUNIT NAME COMMENTS
NUMBER NUMBER
1 - - The users terminal. This
must be either-
(i) Tektronix type graphic
terminal (TTGT}
(ii) TTGT + Calcomp plotter
{cc8l)
(iii) VDU + Calcomp plotter
(CC81)
8 4 GZDATA Data file that has just been
created.
9 5 GZLIST Contains results after run
is complete (in FORTRAN
format control)

On the PRIME, these can now be assigned by typing in, in response

to a system prompt:-

OPEN GZDATA 4 3

OPEN GZLIST 5 3

9




Execution

The execution of GZPHASE (having created the data file and
'CPENED' the other channels) is now completed in two stages.
The first is the creation of an object module file, which
contains the necessary GINO routines. Then running thisg

object module,

(i} Creation of Object Module

If the file ' GZPHASE' already exists, then proceed to (ii).

The object module is created, by inputting the following

PRIMOS commands in response to appropriate system responses:-

" FTN  GZPHASE -64V

. FTN GLOBALS -64V

««...$GZPHASE

LO B_GZPHASE

LO B _GLOBALS

LO CALCMP>B CCBLV
LI VGRALIB

LI VGINLIB

LI -

SA
Qu

{(ii) "Execution of GZPHASE

The program is now run by typing in response to a system prompt

SEG %4GZPHASE

3 N A N B I I R O N B U BN Y BB B BN O aa B e
n
<
a




Graphic Output

After a few moments, the users terminal should respond

by presenting the user with options for plotting.

The responses required are self-explanatory and the user

should examine/produce the plots he requires.

The program execution is terminated upon request, by the

user.

2



Listing Results

When execution of the program is terminated and control
returns to the system, the file GZLIST contains the results

for printing on a lineprinter (with FORTRAN format effecters).

This is now 'SPOOLED' to the lineprinter by typing in response

to a system prompt:

SPQOL GZLIST -F

and later collected.

222



Errors

Should any errors occur, then the user is notified at his terminal

and execution is terminated.
4 list of errors is given in appendix I.

The user is encouraged to change the data file so as to

deliberately cause errors, to see how the program responds.



Example

The following example shows the output that is obtained
from one of the test data files on a PRIME 550 {PRIMOS).

A
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3.2 PERTPHASE

Purpose

The purpose of this program is to.produce a frequency
response of a ship rolling in beam seas with zeroc forward

speed.

Basically, two mathematical models are available and effects

such as heave and sway can be included if so desired.

Output is in tabular form and the user can select between a very

large selection of plots,
—— WARNING --

To fully understand the terminology and definitions of some
of the variables required by the program, the user must be
conversant with the theoretical approach of the mathematical

model he wishes to use.

‘Data

The first stage in the execution of this program is the creation
of a data file. 1In the examples used the name of this data
file is 'PERTDATA'.

The format of this file will depend on what the user wishes

the program to perform. The choices are

(i) Model 1 + fixed parametric
{(ii) Model 1 + fixed parametric and sway )
(1ii) Model 1 ; parametric as F(w)‘
(iv) Model 1 + parametric as F{w) + sway
{v) Model 2 + fixed parametric.

The details now follow.



Input Data

All units are metric and free format.

line 1 (80 alphanumerics)

Title

line 2 (1 integer)

IEQTN specifies the mathematical model to use
IEQTN = 1 Wright and Féat
- IEQTN = 2 Bass
line 3 (5 reals)
X1 linear damping coefficient
X3 non-linear (cubic) damping coefficient
OMEGARO natural roll frequency W {rads/sec)
ATPHAM maximum waveslope a {rads)}
ALPHAE effective waveslope a {rads)

‘Line 4 (2 reals, 2 integers)

OMGMIN Minimum frequency for frequency {rads/sec)
Aresponse

OMGMAX maximum frequency for frequency (rads/sec)
responSé

NOSTEP Approximate number of steps for freguency response

NOPAPZ Number of points defining the parametric in the

frequency domain

Note 1. OMGMIN)Q ; typically OMGMIN==O.5m0.
2. OMGMAX typically OMGMAX = 2w, .
3.° If NOPAPZ=0 the parametric is defined
by two fixed values p and 5}
4. If IEQTN=2 then NOPAPZ must equal zero.

e



line 5 (2 reals) |IF NOPAPZ#O IGNORE THIS LINE |

PEE Parametric amplitude p
DELTAR Parametric phase S (rads)

line 6 (3 reals) |IF NOPAPZ=0O IGNORE THIS LINE !

PAFREQ (I) frequency of this point {rads/sec)
PAPZ (I) parametric term P,
PADZ -(I) parametric phase dz {rads)

- Note 1. There is one line for each set of three points

{see example)

2. NOPAPZ lines are needed as I=1, NOPAPZ

line 7 (1 integer)

NOSWAY  ;Number of points defining sway coefficients

in frequency domain

Nete 1. If IEQTN = 2 then NOSWAY must equal O

“line 8 (6 reals) |IF NOSWAY = O IGNORE THIS LINE |

SWFREQ (I) frequency of this point (Rad/sec)

PASI(I) sway coupling S1 at this frequency

PAS2(I) sway coupling 52 at this frequency

PAVD(I) sway drift velocity at this frequency (metres/sec)
PAYD (I} amplitude of sway motion at this ffequency (metres)
PADY (I} sway motion phase at this freguency (rads)

Note 1. There is one line for each set of five points

Note 2. NOSWAY lines are needed as I=1, NOSWAY.

‘line” 9 (1 integer)

GZORDR specifies order of polynomial that fits the GZ curve
Note 1. Must be odd and in the range 3...15.

31



line 10 (1 real)

GZCOEF (I) coefficients of the odd order polynomial that
define the GZ curve such that
3 GZORDR
r8 + 8.y orR®
where

GZCQEF (I} = rI

Note 1. There are {GZORDR + 1)/2 lines as I=l, GZORDR,2

2. There is one line for each point.

line 11 (2 reals) |IF IEQTN-1 IGNORE THIS LINE |

20 parametric amplitude for second displaced GZ curve.

Z0 = ZO

DELTAY phase term for second displaced GZ curve (rads)
such that

§, =8 + DELTAY

‘line 12 (1 reals) [IF IEQTN = 1 IGNORE THIS LINE|

GZCOEG(I) coefficients of the odd order polynomial that define
the ‘displaced GZ curve such that

. .3 GZORDR
hle + h39 "'hGZORDRB

where

GZCOEG(I) = hI

Note 1. There are (GZORDR + 1)}/2 lines as
I =1, GZORDR,?2

2. There is one line for each point.

H2



line 13

ASTRT

AFIN

ANPLCS

THETAS

BARKIL

( 2 reals, 1 integer, 2 reals)

represents the minimum roll amplitude (xads)
to use in the frequency response.

Typically 0.15.

represents the maximum roll amplitude {rads)
in the freguency response.

Typically 0.7.

specifies accuracy of solution reguired in
number of decimal places,

Typically 5

still water bias (heel) angle GS. (rads)

can be positive or negative,

If IEQTN=1 ; +BS heel away from waves (starboard)

If IEQTN=2 ; +es heel toward waves (port)

angle dependant damping . (If IEQTN=2 then
BARK] must equal 0.0).

‘line 14 (3 integers)

NOEXP

IXOPT

IYOPT

Note 1

number of experimental points to plot on one of the

~graphs.

x-axis option for the experimental points must be in

rénge 1-20 and corresponds to the same options the

. user is presented with for graphic output. i.e.

if IXOPT=1 it means that‘XEXP(I) contains frequencies

in rad/sec.

As for IXOPT only for the y-axis i.e. if IYOPT=3
then YEXP(I) contains absolute roll amplitudes

(rads).

Experimental points are only plotted onto a user
selected graph when the following conditions are
satisfied.
1) O<NOEXP<{=25
2} The user selected choice for the x-axis and y-axis

from the plot menu corresponds with IXOPT and IYOPT.
2%



line 15 (2 reals) [[F NOEXP=0 IGNORE THIS LINE|

XEXP(I)

YEXP (1)

Note 1

x-coordinate of the users Ith data point

in users data units. i.e. Hertz.

y-coordinate of the users Ith data point in users

data units i.e. rads.
There are NOEXP lines as I=1, NOEXP

There is one line for each pair of points.



File Usage

Having created the data file, the next stage is to ensure

the files required by the program are accessible,.

(i.e. have been "OPENED').

(and GLOBALS) is as follows.

The file usage of PERTPHASE

FORTRAN
CHANNEL
NUMBER

PRIMQS
FUNIT
NUMBER

FILE
NAME

COMMENTS

The users terminal. This
must be either

(i) Tektronix type graphic
terminal (TTGT)

{ii} TTGT + Calcomp plotter
(ccsi)

(iii) VDU + Calcomp plotter (CC81)

PERTDATA

Data file that has just

~ been created

PERTLIST

Contains results after run
is complete (a FORTRAN format
control)

11

SCRATCH

Scratch file - contains no
useful information at end
of run

On the PRIME, these can now be assigned

to a system prompt:-

OPEN
OPEN
OPEN

PERTDATA
PERTLIST
SCRATCH

4 3
5 3
7 3

5

by typing in, in response




Execution

The execution of PERTPHASE (having created the data file
and 'OPENED' the other channels), is now completed in two
stages. The first is the creation of an object module file,
which contains the necessary GINO routines.

Then running this object module.

(1) Creation of object module

If the file PERTPHASE already exists, then proceed to (ii).

The object module is créated, by imputting the following PRIMOS

commands in response to the appropriate system responses:-—

FTN PERTPHASE -4V

FIN GLOBALS -y

+ ... {fPERTPHASE
LO B PERTPHASE
LO B _GLOBALS

LO CALCMP>B_CC81V
LI VGRALIB

LI VGINLIB

SA
QU

(ii) Execution of PERTPHASE

The program is now run by typing in response to a system prompt

SEG #PERTPHASE



Graphic Output

After a few moments the users terminal should respond by

presenting the user with options for plotting.

The responses required are self-explanatory and the user should

examine/produce the plots he requires.

The program execution is terminated upon request, by the user.



Listing Results

When execution of the program is terminated and control
returns to the system, the file PERTLIST contains the
results for printing on a line printer (with FORTRAN format

effectors).

This is now 'SPOOLED' to the lineprinter by typing, in

response to a system prompt:-
SPOQL PERTLIST -F

and later collected.



Errors

Should any errors occur, then the user is notified at

his terminal and execution is terminated.
A list of errors is given in Appendix I.-
The user is encouraged to change the data file so

as to deliberatly cause errors, to see how the

program responds.

%%




Example

The following example shows the cutput cbtained from

the test data file on a PRIME 550 (PRIMOS).

&0
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3.3 TIMEPHASE

Purpose

The purpose of this program is to produce a time domain
response of a ship rolling in beam waves with zero forward

speed.

Basically two mathematical models are available and effects

such as heave can be included if so desired.

Solution are calculatéd:using one of two numerical integration
techniques, depending on the accuracy required, and how close

the system is to its limit of stability.

Output is in tabular form and the user can select between a

very large selection of plots.
——WARNING--

To fully understand the terminology and definitive of some of
the variables required by the program, the user must be
conversant with the theoretical approach of the mathematical

model he wishes to use.

" ‘Data

The first stage in the execution of this program is the -
creation of a data file. 1In the examples used, the name of

the file is 'TIMEDATA'.

The format of this file depends on what the user wishes

the program to perform.

This is now detailed.

S&



Input Data
21l units are metric and free format.

line 1 (80 Alphanumerics)

Title
line 2 (1 integer)

TEQN Specifies the mathematical model to use

JEQN = 1 Wright and Feat
IEQN = 2 Bass

Line 3 (4 reals)

kl linear damping coefficient
k3 " non-linear (cubic damping) A
BARK1 . angle-dependent damping.

' If TEQN = .2, BARK]l must equal 0.0

- OMEGAO mnatural roll frequency wy, (rad/sec)

“‘line 4 (1 integer, 4 :eal)

ﬁOSTEP number of steps to take between
: t=0.0 and t=TSTOP

PEE i parametric amplitude p

. If NOWVS$O, then PEE must equal 0.0
DELTAR parametric phase §p (rads)

OMEGA frequency of beam waves w {rads/sec)

If NOWVS}O then OMEGA must equal 0.0

TSTOP duration of solution (secs)

55



line 5

DELTA

NDPLCS

ROLL (1)

ROLL(2)

ISOLN

NOWVS

SWVST(I)

BWVS(I)

SPT(I)

Note 1.
2.

(1 real, 1 integer, 2 real, 2 integer)

phase of waves § (rads})

accuracy of solution in

number of decimal places

initial roll angle at t=0 {rads)
can be positive or negative,

convention is same as THETAS
initial roll velocity at t = 0 (rads/sec)

solution method. required

ISOLN = O ; Runga-Kutta—Mertson (RKM)
ISOLN

1 ; Trapezoidal with error control (TEC)
For normal use RKM is recommended. However

TEC can supply a more accurate solution

when the system is close to its limit of

stability.

if the user requires to specify his own forcing
function, then NOWVS specifies the number of
points describing the function. Use this option

with care.

‘line & (3 real) [IF NOWVSsO THEN IGNORE THIS LINE |

the time of the I™ point that {secs)
defines the forcing function

waveslope X of the forcing function (rads)
at the Ith point

th point

forcing function at the I
User calculated from a+8
wheref?is the value of the static heeling moment

at t = SWVST(I).

There are NOWVS lines as I=1, NOWVS

There are one set of points per line.



line 7 (B real) |IF NOWVS£O THENNIGNORE THIS LINE |

The maximum waveslope a, can be defined in the time domain

to produce the following function

—TEL T
: : =T o
L£NEF1'—————%/[ : Z\\
LT t . .
. \;Z ";‘.5 '\2* T‘E:u
where
AM(1) LEVEL 1 . {(rads)
AM(2) LEVEL 2 {rads)
AM(3) LEVEL 3 {rads)
aM(4) T1 ) (secs)
AM(5) T2 {secs)
AM(6) T3 (secs)
AM(7) T4 A {secs)
AM(B) T5 (secs)

line 8 (8 real) |IF NOWVSfO THEN IGNORE THIS LINE |

The effective wave‘slope e can be defined in the time

domain in the same way as Gy {see above) using similar

convention

AE(1) LEVEL 1 (rﬁds)
AE(2) LEVEL 2 ' (rads)
AE(3) LEVEL 3 (rads)
3E(4) T1 {secs)
AE(5) T2 {secs)
AE {6) T3 {gecs)
AE(7) T4 (secs)
AE (8) TS {secs)
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line 9 (8 reals)

The static bias angle 95 can be defined in the time domain

in the same way as am(see above) using similar convention -

TS(1) LEVEL1 (rads)
TS{(2) LEVEL2 (rads)
TS(3) LEVEL3 ~ (rads)
TS(4) T1 (secs)
TS (5) T2 (secs)
TS (6) T3 {secs}
TS (7} T4 {secs)
TS(8) TS (secs)

The convention used is

If IEQN = 1 (Wright and Feat) then

+es = heel to starboard (away from wave maker)
-6, = heel to port (towards wave maker)
If TEQN = 2 (Bass) then
+Bs = heel to port (towards wavemaker)
-0 = heel to starboard (away from wavemaker)

“'line 10 (1 real)

GZORDR  Specifies order of polynomial that fits the GZ curve.
note 1. Must be odd and in the range 3...15.

‘line 11 {1 real)

G2ZCOEF (I) coefficients of the odd order polynomial that
' define the GZ curve such that

GZORDR

where

GZCOEF(I) = r

Note 1. There are (GZORDR + 1}/2 lines as I = 1, GZORDR, 2.

2, There is one line for each point.
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line 12 (2 reals) [IF IEQN = 1 TGNORE THIS LINE]

Z0 para metric amplitude for second displaced GZ curve.
Z0 = Z
o
DELTAY phase term for second displaced GZ curve such that

GZ = 8+ DELTAY

line 13 (1 real) [IF_IEQN=1 IGNORE THIS LINE!

GZCOEG(I) coefficients of the odd order polynomial that

defines ‘the ‘displaced GZ curve such that

GZCORDR

3
h;e + h39 "'hGZORDRe

where

GZCOEF (I) = hI

Note 1. There are (GZORDR + 1)/2 lines as
I =1, GZORDR, 2

2. There is one line for each point.

'line 14 (3 integers)

NOEXP number of experimental points to plot one of the

~ graphs.
IXOPT .X-axis option for the experimental points.

Must be in range 1...10 and cérresponds to the .

same options the user is presented with for graphic

output. i.e. If IXOPT = 1 it means that XEXP(I) contains

times in seconds.

IYOPT As for IXOPT only for y-axis. i.e. If IYOPT = 6

then YEXP(I) contains relative roll angles in rads.

Note 1. Experimental points are only plotted onto a user selected

- graph when the following conditions are satisfied:-

1} © < NOEXP< = 250
2) The user selected choice for the x-axis

and y-axis from the plot menu corresponds with
IXOPT and IYOPT.
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line 15 (2 reals) [IF NOEXP=O IGNORE THIS LINE]

XEXP (I} x-coordinate of the users Ith data point in the

users data units i.e. seconds.

th
YEXP (I) y-coordinate of the users I data point in

users data units i.e. rads.
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File Usage

Having created the data file, the next stage is to ensure
the files required by the program are accessible. (i.e. have been

'OPENED'} . The file usage of the TIMEPHASE (and GLOBALS) is

as follows;

FORTRAN PRIMOS FILE
CHANNEL FUNIT NAME COMMENTS
NUMBER NUMBER
1 - - The users terminal. This
I'must be either-
(i) Tektronix type graphic
terminal (TTGT)
(1i) TTGT + calcomp plotter {CCB1)
(iii) VDU + calcomp plotter (CC81)
8 4 TIMEDATA Data file that has just been
created.
9 5 TIMELIST Contain results after run is
complete. (using FORTRAN
format control).
11 7 SCRATCH Scratch file - contains no useful
) information at end of run.

On the PRIME, these can now be assigned by typing in, in

response to a system prompt:-
OPEN TIMEDATA 4

3
OPEN TIMELIST 5 3
OPEN SCRATCH 7 3

&l




Execution

The execution of TIMEPHASE {(having created the data file and
'OPENED' the other channels), is now completed in two stages.
The first is the creation of an object module file, which
contains the necessary GINO routines, fhé running this

ocbject module.

(i) Creation of ‘object module

If the file TIMEPHASE already exists, then proceed to (ii).

The object module is created, by inputting the following PRIMOS

commands in response to the appropriate system responses:-—

FTN TIMEPHASE ~ -64v
FTN . GLOBALS -64V
SEG
LOAD

.....#TIMEPHASE
LO 'B_ TIMEPHASE
LO B_ GLOBALS

LO CALCMP 'B_CCBLV
LI VGRALIB

LI VGINLIB

LI

Sa
QU

{ii} Execution of TIMEPHASE

The program is now run by typing in response to a system

prompt:

SEG -RTIMEPHASE

oL



Graphic Output

After a few moments the users terminal should respond by

presenting the user with options for plotting.

The responses required are self-explanatory and the user should

examine/produce the plots hevrequires.

The program execution is terminated upon request, by the user.
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Listing Results

When execution of the program is terminated and control returns
to the system, the file TIMELIST contains the results for

printing on a lineprinter (with FORTRAN format effectors).

This is now 'SPOOLED' to the linesprinter by typing, in response

to a system prompt:-
SPOOL TIMELIST -F

and later collected.

b4
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Errors

Should any errors occur, then the user is notified at his

terminal and execution terminated.
A list of errors is given in appendix I.

The user is encouraged to chénge the data file so as to deliberately

cause errors, to see how the program responds.



‘Example

The following example. shows the output obtained from the

test data files on the PRIME 550 {Primos}.

L6
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Appendix I

Error Messages

The following is a list of errors that are trapped by SORACOS.

The page number referenced details the variable concerned.

ERROR PAGE
. NUMBER MESSAGE NUMBER
2 GZ CURVE NOT DEFINED
5 GZ CURVE FROM COEFFICIENTS ONLY
6 GZWGHT NOT IN RANGE
.7 GZORDR NOT IN RANGE
8 GZNPNT NOT .IN RANGE
10 ERROR ON DATA INPUT
12 NOEXP OUT OF RANGE
14 NOSTEP NOT IN RANGE
16 NOPAPZ NOT IN RANGE
18 NOSWAY NOT IN RANGE
20 " NDPLCS NOT IN RANGE
22 ' PSTOP NOT IN RANGE
24 . . ISOLN NOT IN RANGE
26 NOWVS NOT IN RANGE
27 " IEQN NOT IN RANGE
72



AMENDMENT LIST

SECTION
NUMBER

TITLE

DATE OF
ISSUE

L

ISSUED
BY



COPY CONTROL

NAME LOCATION
I
G. FEAT : SHIP SCIENCE, UNIVERSITY OF
SOUTHAMPTON MASTER COPY
W.B; MARSHFIELD AMTE (H) , GOSPORT, HANTS CoPY
LIBRARY SHIP SCIENCE, UNIVERSITY OF
SOUTHAMPTON COPY
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