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" "QVERVIEW

This manual describes the detailed operation of a suite of
programs capable of simulating the large angle rolling of ships.

The suite, SORACOSV3.2. consists of ﬁour'programs viz:

GZPHASE
PERTPHASE
TIMEPHASE

GLOBALS

It should be noted at this point, that each of the first three
programs use routines that are contained in GLOBALS. Therefore

GZPHASE. ., .TIMEPHASE are always executed with GLOBALS.
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CHAPTER 1
OPERATIONAL ENVIRONMENT

This chapter outlines the software and hardware requirements for

the successful execution and use of the SORACOS suite of programs.

Detalls of actual channel assignments, disk formats reguired etc.

can be found under the appropriate program description {chps 2...5).



1.1 Software Requirements

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

l] : The extensions used are as follows:

(1) Use of END, ERR in a READ statement.
i.e. READ (NIN, 900, END=L0OO, ERR=200)A

(1i) Use of list directed READ statement

i,e. READ (NIN,*)A
This allows free format input.

(iii) Use of quotes in format statements
i.e. 905 FORMAT (LH, 2X,'**** ERROR 10'}

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



1.2 Hardware Requirements

SORACOS was designed to be used on a PRIME 550 computer gystem,
However, it is relatively machine independent and can be executed
on any comparible system capable of the software support outlined

in the previous section and the hardware support outlined in this
gsection. '

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

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

The user interacts with the p;bgram via a tektronix type graphics
terminal and perhaps a CALCOMP 81 flatbed plotter. Alternaﬁively_
the user could interact with SORACOS via a normal VDU and CALCOMP 81

plotter.

'\T‘
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CHAPTER 2

GZPHASE

This chapter describes the detailed operation of the program
'GZPHASE' together with its relationship with other programs

in the suite.

Procedural descriptions are in the order found in 'GZPHASE',
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2.1 Program Description

 GZPHASE 1is a program within the suite SORACOSV3.2.

Its function is to calculate the odd order polynomial coefficients
of the GZ curve, as required by PERTPHASE and TIMEPHASE.

Options are provided to allow the fitted and original curves to
be plotted, together with a list of users data points,

The language used is the same as specified for the whole suite,

as is the peripheral requirements.
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2.2 Program Structure

The procedural structure of GZPHASE is illustrated below.

MAIN

EXECUTIVE

WINDUP GZREAD GZDFNR GZPRNT PLTC WNDDWN
LOBALS) (CZPHASE) (GZPHASE) (GZPHASE) (GLOBALS) (GLOBALS)
I SPLINT GZPMNU GZPLOT
' (GLOBALS) {GZPHASE) (GZPHASE)
I XYPLTG GINO-F
(GLOBALS) ROUTINES
m GINCO-F
ROUTINES




[——

L ptim,

- s .

2.2.1

Module Interelationship

CALLED
BY

ROUTINE
CALLED

GZPHASE~

EXECUTIVE

GZPMNU

GZREAD

GZDFNE

GZPRNT

GZPLOT

GLOBARLS—

GRID

GRSOQ1

GRSELT

SPLINT

DRABXI

XYPLTG

DEVSEL

WINDUP

WNDDWN

CLRSCN

BEEP

PLTC

GZPHASE-

GZPMNU

»

GZREAD

GZDFNE

GZPRNT

GZPLOT

GLOBALS-

GRID

GRS0O1

GRSELT

SPLINT

DRAAXT

XYPLTG

DEVSEL

WINDUP

WNDDWN

CLRSCN

BEEP

PLTC

GINO-F '

T4010

cC8l

CHAHOL

CHASIZ

CHAANG

CHAARR

E R

CHAFIX

CHAINT

CHASWI

DEVEND

DEVICE

LINTO2

LINBYZ

MOVTO2

SYMBOL

SCALE2

PICCLE

M/C EXIT

T1l0U
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2.2.2 Labelled Block/Module Interelationship

MODULE

INPOUT

COMMON
BLOCK
PLMODE
WHERE

DATA 1

1
1
|
1
i
1
1

GZDATA

EE I e _ : ; ” .
[ - ! . —r et =
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2.2.2 Labelled Common Block Variable Map

COMMON/DATAL /IPASS, NOERR, ITTL

IPASS - Integer

Not used in this version.

NOERR - Integer

Represents the number of errors encountered on input of data.

ITTL - Integer array ITTL (40)

Represents the title of the current run as specified by the
user. Characters are stored in A2 format {i.e. 2 characters

per element) with a maximum of 80 characters.
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2.2.2.2 labelled Common Block Variable Map

COMMON/GZDATA/GZVNSH, GZCOEF, GZORDR, GZWGHT, GZAMP, GZANG,
GZNPNT, GZFLAG, GZCURV

GZVNSH - Real
GZVNSH represents the vanishing angle of the users GZ

curve.

Supplied by user.

GZCOEF - Real array GZCQOEF({15)

GZCOEF represents the GZ coefficients of the fitted pelynomial,

given that the GZ curve can be represented as -

3 5 n
GZ(B) ='w;2 (x, + rze + r38 eeeXpi1 )
5 )
then
GZCOEF(l) = r1
GZCOEF (3) = r2
n
"
GZCOEF (N} = el
2

It should be noted that N must be) 15 and that only the odd
terms of GZCOEF are used. '

GZORDR ~ Integer

GZORDR represents the order of the GZ curve. It will have an
odd value in the range 3...15.

GZWGHT - Integer
GZWGHT is a flag that represents the weighting used by the
polynomial fitting routine that is required by the user.

GZWGHT = 1 ; more accurate at small angles of heel.

GZWGHT = 2 ; more accurate at large angles of heel.

\0
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GZAMP - Real array GZAMP(25)
GZAMP contains the GZ (metres) for points supplied freom the

users GZ curve.

GZANG -~ Real array GZANG(25)

GZANG contains thg angle of heel (radians) for each of the
corresponding points in GZAMP i.e. GZANG(I) 1s the angle of
heel that produces a Gz of GZAMP(I).

GZNPNT - Integer

GZNPNT represents the number of points supplied by the user
to define the GZ curve. GZNPNT is alsc the number of elements
used in GZAMP and GZANG.

If GZNPNT = O then it means that the user is golng to supply
the GZ coefficients direct to the program.

GZPLAG -~ Integer

Not used in this wversicn

GZCURV - Real array GZCURV(52)
The ﬁsers points are expanded out to 52 pairs of points using
cubic-spline interpolation. As these points are equidistant
GZC?RV represents the GZ of each of these expanded points.

A
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2.2.2.3 Labelled Common Block Variable Map

NIN -

NouT -

NINM -~

NOUTP3

NOUTP4

NOUTP2

NOUTR

NOUTG

NOUTM

NOUTPL

COMMON/INPOUT/NIN, NCUT, NINM, NOUTP3, NOUTP4,

"NOUTPZ2, NOUTR, NOUTG, NOUTM, NOUTPL

Integer
NIN represents the fortran logical channel number of
the input data file
Set in WINDUP (GLOBALS)
Integer
NOUT represents the fortran logical channel number of the
output file which is laterlisted on a line pointer;

Integer
NINM represent the fortran logical channel number of
console input. (Terminal).

- Integer

Not used 1n this version.

- Integer '

Not used in this version.

- Integer

NOUTP2 represents the fortran logical channel numbexr of
ithe flat bed plotter for pletting output,

—= Integer

NOUTR represents the fortran logical channel number of the
scratch data file, which is deleted when not required.

= Integer

Not used in this version.

— Integer
NOUTG represents the fortran logical channel number of the

console output (Terminal).

- Integer
NOUTP1 represents the fortran logical channel number of the
tektronix terminal for plotting.

VL



ol 2.2.2.4 Labelled Common Block Variable Map

COMMON/PLMODE /MODE

MODE - 1Integer

MODE represents the plotting mode required, and can
have two values :

MODE = 1; plot lines
MODE = 2; plot symbols ({(+)

L4
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2.2.2.5 ‘Labelled Common Block Variable Map

COMMON/WHERE /ATAMTE

ATAMTE - Logical

Represents the location of the program suite. When set to true,
indicates that SORACOS is situated at AMTE(H).

Set in WINDUP (GLOBALS).

P
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2.3 Operating Environment

The relationship between data files and peripherals, together

with the programs required in the GZPHASE object module is illustrated

below.

GZDATA

DI SK

NIN

TEKTRONIX
GRAPHICS
TERMINAL

VDU

GZPHASE OBJECT
MODULE

GZPHASE
GLOBALS

GINO-F  ROUTINES

CALCOMP 81
FLATBED
PLOTTER

NOUT

)
GZLIST
DISK

SPOOL

[ ]
Z{ LINEPRINTER //

S

NOUTP2

/
/

PLOTTER

GZLIST-F
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2.3.1 File ‘Usage

PROGRAM LOGICAL PRIMOS FILE R/W COMMENTS
VARIABLE CHANNEL FUNIT NAME
c NUMBER NUMBER

NQUTM 1 - - W Output to users
terminal

NINM 1 - -~ R Input from users
terminal

NIN 8 4 GZDATA R Contains data for
program

NOUT 9 5 . | GZLIST W Contains results for
later printing.{uses
fortran format
effectors)

NOUTPLl 1 - - W Used by GINOQ for

- graphic output,

(terminal).

NOUTP2 1 - - W Used by GINO for
graphic output.
(Flatbed plotter}.

\
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2.3.2 File Descriptions

FILENAME TYPE FORMAT MEDIA

GZDATA STANDARD ’SERIAL MINIMUM 128 BYTES/RECORD DISK
MAGNETIC

GZLIST .STANDARD SERIAL MINIMUM 128 BYTES/RECORD DISk
MAGNETIC ' '

11
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2.4 ~ EXECUTIVE CONTROLLER

‘Descrigtion

The main segment of GZPHASE that controls the running of the

program,

Specification

None.

" ‘Theory

None.

‘Description

The structure of the main segment is straightforward and self-
explanatory.

‘Input Parameters

None.

" 'Error Indicators

None

“‘Aneillary Routines

WINDUP (GLOBALS) GZREAD (GZPHASE)  EXIT (M/.C- DEP, )
WNDDWN (GLOBALS) "GZDFNE (GZPHASE)
PLTC  {GLOBALS) GZPRNT (GZPHASE)

"'Timing

Not applicable

"Storage

120 integer elements

"Accufacy'

Not applicable

" 'References

None
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2.4.1 GZPMNU
Description

Subroutine to present the menu of plot to the user, and

accept and validate the users selection.

Specification
SUBROUTINE GZPMNU (IX, IY)

‘Description of parameters

IX Integer
On exit IX specifies the user fequirement for graphic

output.

IX = 0 : Terminate ﬁ:ogram

IX=1 Plot users GZ curve

IX =2 : Plot fitted GZ curve

IY Integer
Not used
"Theogzl
None

'Descrigtion

The structure of GZPMNU is self explanatory and straightforward.

‘Exrror Indicators

None

Auxillary Routines

None

' Timing '

Not applicable

Storage

There are no internally declared arrays.
Accuracy

Not applicable

References

None
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2.4.2 ‘ GZDFNE

Description
Routine to determine the coefficilents of an odd order polynomial

that gives the best ‘fit to the GZ curve.

Specification
SUBROUTINE GZDFNE

Theory

The theoretical basis of the procedure is formulated in
appendix A2 of (1). _

The fit is optimised (among polynomials of specified degree)
with respect to a weighted least squares criterion, and a choice
of two weight functions is available. One gives greatest weight
to error at large roll angles (near the vanishing angle}, the

other to errors at small roll angles.

Description
The user supplied data is expanded into 52 points using cubic

spline interpolation. Two of the 52 points i.e. 'GZCURV(51)'and

'GZCURV(52) ' are beyond the vanishing angle as to obtain continuity

in the curve fit through the vanishing angle.

The Tchebycheff polynomials are generated next using the recursion
formula A2.1l or A2.22 in (1), depending on the weight function

required.

The coefficients of the polynomial are then obtained using
A2.15, A2.16, A2.18 from (1) oxr A2.26, AZ.27, A2.28 from ().

Finally correction is made for the vanishing angle from A2,29
in (1).

‘Error Indicators

None

Auxillary Routines
SPLINT (GLOBALS)

'Timing

Timing is related to the order GZORDR.

20
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Storage

THere are 40 integer elements and real elements declared internally.

Accuracy
The routine can produce coefficlents that are accurate to 5

significant figures using single precision 32 bit arithmetic.

References

(1) 'Ship Roll Response in regular and non—regular seas’
J.G, Wright
Southampton University report (1978) p.lo6-111l.

2\
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2.4.3 ) GZREAD

Description

To read in and validate data relating‘to the GZ curve.
Errors are printed at the users terminal (NOUTM).

Specification

SUBROUTINE GZREAD (ICPT).

Descrigtion of Parameters

IOPT Integer
On exit, IOPT specifies whether the user wants
the GZ coefficlients calculated, or if he is
supplying them. -
IOPT = O : wuser supplies GZ coefficients
IOPT =1 : calculate GZ coefficients.

'Theosz

None

'Descrigtion

The function of global variables is described elsewhere.

NOERR is a count of errors that occur on input. This is to

allow the program to proceed as far as possible before aborting.
Should NOERR # O then GZPHASE aborts. The structure of GZREAD is

by and large self-explanatory.

'‘Error Indicators

None.

“"Auxillary Routines

EXIT (M/C DEPENDENT)

"Timing

Not applicable.

Storage

140 integer elements and 117 real elements.

-

2L
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Accuracz

Not applicable

References

None.

3
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2.4.4 GZPRNT

Descrigtion

Utility routine for printing the GZDATA supplied by the user
or GZ ccefficients determined by GZDFNE.

Specification

SUBROUTINE GZPRNT (CURVE).

Description of Parameters

CURVE - Integer
On entry CURVE has a value which indicates the -

output required.

-

CURVE = 1 GZ curve data as supplied by
N the user '

CURVE = 2 : GZ coefficients are to be printed.

Unchanged on exit.

‘Theogx

None
Description .
Definition of global variables is. described elsewhere.

The structure and operation of this routine is self-explanatory.

‘Erxor Indicators

None

- ‘Auxillary Routines

None

"Timing .

Not applicable

© Storage

40 integer elements and 119 real elements.

Accuracy

Not applicable.

References

Nene an
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2.4.,5 GZPLOT

Descrigtion

Utility routine for plotting the GZ curve either

1} From the yser supplied data
2} From the fitted coefficients.

Spacification

SUBROUTINE GZPLOT (CURVE, IY)
INTEGER CURVE, 1Y

Description of Parameters

CURVE =~ Integer )
On entry CURVE specifies which output is required.
CURVE =1 : a plot of the GZ curve from the users
data points.
CURVE = 2 : a plot of the fitted GZ curve using the
polynomial coefficients.

Unchanged on exit.

I¥Y - 'Integer

Not used.

TheoEX

None

“Descrigtion

Definitions of common block variables 1s described elsewhere.
The structure and function of this routine is self explanatory

Y

except the function of DPTS.

DPTS (I,J) stores the points to be plotted.
_DPTS (1,J} stores the Jth x-ordinate.
DPTS (2,J) stores the Jth y-ordinate corresponding to the

Jth x-ordinate.
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Error Indicators

None.

Auxillary Routines

XYPLTG (GLOBALS)

Timing

Not applicable.

Storage

64 integer elements and 219 real elements,

Accuracy

Not applicable.

References

None.

MOVTOZ (GINCF)
SYMBOL (GINCF)

pavY
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CHAPTER 3

PERTPHASE

This chapter describes the detailed operation of the program
'PERTPHASE' together with its relationship with other programs

in the suite.

Procedural descriptions are in the order found in 'PERTPHASE',

21
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3.1 Program Description

PERTPHASE is a program within the suite SORACOS V3-2.
Its function is to calculate a freguency response and
a measure of stability of a ship rolling in beam seas

with zero forward speed.
Two mathematical models are available, both can take into
account heave and one of the models can cope with coupled

sway as well.

Options are available for plotting the different responses

and providing the results in tabular form.

The language used is the same és specified for the whole

suite, as is the peripheral requirements.

19
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3.2.2 Labelled Common Block/Module Interelationship

AL1d X

d3dag

NOSHTD

NMOQaNM

dIONIH

TIdSATA

OLTdAX
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XdadHEd

LOTddd

El BT I - I

SSWHud % X{X|X|x

STANIJA

ECN I

ENIOF X x| %X x

ZNLOT ¥ x| x pid

w|

INLOF X

TIHADE

LIAXdD

AAITNDEXE | X _ X
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MODULE

COMMON
BLOCK
DATAL
DATA2
DATAS
DATAGL
DATAT
DWBPRT
DWBTME
GZDATA
INPOUT
PLMODE
PRHMDT

PRHMRS
WHERE

>
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RSDEL
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Labelled Common Block Variable Map

COMMON/DATAL /IPASS, NOERR, ITTL

IPASS -~ Integer

Not used in this version.

NOERR - Integer
Represents the number of errors encountered on input of data.

ITTL - Integer array ITTL (40)

Represents the title of the current run asg specified by the
user. Chaxacters are stored in A2 format (i.e. 2 characters

per element) with a maximum of 80 characters.



Labelled Common Block Variable Map

COMMON/DATARZ/XEXP, YEXP, NOEXP, IXOPT, IYOPT

XEXP -~ real array of DIMENSION (25)
t
XEXP{I) specifies the I h_x-coordinate of the users

experimental points in users data units.

YEXP - real array of DIMENSION (25)
YEXP (I} specifies the Ith y-coordinate of the users

experimental points in users data units.

NOEXP - integer
represents number of pairs of peints in XEXP and YEXP.
If NOEXP = O then no points are plotted.

IXOPT =~ integer
specifies the users option for the x-axis of the graph
onto which the experimental points will be plotted,

Uses ‘the same xonvention as 'PRMNU',

IYOPT '-!. Integer
as IXOPT but for the y-axis.

Note The experimental points are only plotted onto a graph

under the following conditions

(i) O NOEXP = 25
(ii) IXOPT and IYOPT correspond to the users selection
for the x and y-axis of his graph as specified from

the plotting menu.



Labelled Common ﬁlock Variable Map

COMMON/DATA 5/BARK),

BARK]1 - Real
u

Defines the angle dependent damping k

8L

1



! ! ;
il N s

; ! !
R EE e

i
- .

¢

-
} .
I e

Labelled common block variable map

COMMON/DATAG/PAFREQ, PAPZ, PADZ, PAP, PADR, NOPAPZ

(variables relating to parametric)

PAFREQ

PAPZ

PADZ

Note

PAP
PADR -

NOPAPZ

- real array of DIMENSION (25)
If the parametric is defined as a function of
frequency the PAFREQ(I}) contains the wave

encounter frequency for the Ith point.

- real array of DIMENSION (25)
PAPZ(I) represents the parametric amplitude =
at a wave encounter frequency of PAFREQ(I) and

waveslope;ae (ALPHAREY)

- real array of DIMENSION (25)
PADZ(I) represents the parametric phase 6Z at
a wave encounter frequency of PAFREQ(I) and

waveslope oy {ALPHAE)

The above terms must be obtained (if required) using a linear
ship motion program (or similar) and supplied to the program

by the user.

‘'real arrays of DIMENSION (25)

[3
calculated in the following way-

- 2
PAP(I) = ° (om” + 2a pycos(§ ) + p,")

-1 .
PADR (I} = tan (um+pzcos(éz)/ - p251n(6z))

where
62 = PADZ(I)
and p, = PAPZ (I)
- Integer

Number of terms in sets of points to define parametric
If NOPAPZ = O then parameﬁric is independent of frequency,
and is set by PEE and DELTAR,

%5
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Labelled common block variable map

COMMON/DATA7/SWPREQ, NOSWAY, PASl, PAS2, PAVD, PAYO,

SWFREQ

NOSWAY -

Pasl -

PAS2 -

PAVD -

PADY -

Note The above terms must be cbtained (if required) using a linear

ship motion program (or. similar) and supplied to the program

PADY, F1, F2, D1, D2, Sl, S2, VD, YO, DY
(Variables relating to sway motion)

‘

real array of DIMENSION(25)
If sway is to be considered, the SWFREQ(I)

specifies the frequency of the Ith sway coefficient,

integer

represents the number of sway coefficients to be
described by the user. If NOSWAY=0 then sway

is not included into the basic model. (Model 1 only)

real array of DIMENSION(25)

- PASL(I) specifies the sway coupling S1 given a wave

encounter frequency of SWFREQ(I).

real’ array of DIMENSICN(25)
PAS2(I) specifies the sway coupling S2 given a

wave encounter frequency of SWFREQ(I).

real array of DIMENSION (25)
PAVD (I) specifies the sway motion'amplitude of the
ship (metres) given a wave encounter frequency

of SWFREQ(I) and waveslope oy (ALPHAE)

real array of DIMENSION (25)
PADY (I} specifies the phase of the sway motion (rads)
given a wave encounter frequency of SWFREQ(I) and

waveslope o, (ALPHAE)

by the user,

i



The terms Fl...D2 relate to the motion in the following way.
Sway can be considered thus

8 + D(8) + R(O,t) = Be + £ cos(mt+61} + fzcos(mt +62)

1
from here then

FlL =f

1
Dl '-=al
F2 = £,
p2 =4,

The terms Sl...DY correspond to the current values calculated

from PASl...PADY using cubic spline interpolation. (All real).

%5



Labelled common block variable map

COMMON/DWBPRT/P

Note

real array of DIMENSION (5)
Given some non-linear function.of 8 such as

3 5 N
FN(B) = F36 + F59 r..FNe

FN(ao'+ a.sinwt)= P0+P sinwt + P,.cos2wt + P_sin3wt

i 1 2 3

P represents the PN terms when FN(G) corresponds to the

non~linear part of H(@) such that

P(l) =

fa]
P(2) = Pl
etc.

A more detailed explanation‘of H(B) can be found in the

theory section of Vol. 1.

A more detailed explanation.of the method used to calculate

‘P can be found in the description of 'FINDLS',

o
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Labelled Common Block Variable Map

COMMON/DWBTME/IEQN, GZCOEG, PSGZCG, Z0, DELTAY

IEQN - Integer
represents mathematical model to use .as selected
by the user
IEQN = 1 ; model 1 (University of Southampton)
IEQN = 2 ; model 2 (University of Newfoundland)

GZCOEG - real array of DIMENSION (15)
'GZCOEG represents polynomial coefficients that describe

the displaced GZ curve H(8} given

H(O) =g’ (h, +ho° + h6°... Pnt8™)
EI ' _ 2
then
.GZCOEG(l) =.h,
GZCOEG(3) = h,
' GZCOEG(N) = h. .
2

N must be in range 3...15 and only the ‘odd terms of

GZCOEG are used.

PSGICG - real array of DIMENSIOQON(15)
PSGZCG represents the function H(O) such that

_ 2 3 5 n
H(g) _'EE_ (hle + h28 + h38 oo h_.87)

=
%]

1
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= o

then

2
PSGZCG (1) = W,
PSGZCG (3) = woz.hg

hy
PSGZCG(N) = 2 h

R L |
h, 2

N must be same as N for GZCOEG (=GZORDR) and only the ¢6dd terms
of PSGZCG is used. '

Z0 - Real

represents relative heave amplitude (see theory Vol,. 1)

DELTAY - real

represents relative heave phase such that
; 6, = &+ DELTAY

i Z

{see theory Vol. 1)

3
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? Labelled Common Block Variable Map

COMMON/GZDATA/GZVNSH, GZCOEF, GZORDR, GZWGHT, GZAMP, GZANG,
GZNPNT, GZFLAG, GZCURV '

GZVNSH - Real
GZVNSH represents the vanishing angle of the users GZ
curve.

Supplied by user.

GZCOEF - Real array GZCOEF(15)
GZCOEF represents the GZ coefficients of the fitted polynomial,

given that the G2 curve can be represented as -
GZ(B) = wo2 (r, + 93 + 2.0 41 6
= W, r, o . r3 cerTpg] B
r —————
1 2
then
GZCOEF(l) = rl
GZCOEF (3) = r,

GZCOEF (N)

= TN+l
.72

It should be noted that N must Be3_15 and that only the odd
terms of GZCOEF are used.

GZORDR - Integer

GZORDR represents the order of the GZ curve, It will have an
0dd value in the range 3...15. | |

GZWGHT = Integer
GZWGHT is a flag that represents the weighting used by the
polynomial fitting routine that is required by the user.

GZWGHT = 1 ; more accurate at small angles of heel.

GZWGHT = 2 ; more accurate at large angles of heel.

9
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GZAMP - Real array GZAMP(25)
GZAMP contains the G2 {(metres) for points suppliéd from the

users G2 curve.

GZANG - Real array GZANG(25) _

GZANG contains the'angle of heel (radlans} for each of the
corrésponding points in GZAMP i.e. GZANG(I) is the angle of
heel that produces a GZ of GZAMP(I).

GZNPNT - Integer

GZNPNT represents the number of points supplied by the user
to define the GZ curve. GZNPNT is also the number of elements
used in GZAMP and ‘GZANG. o

If GZNPNT = O then it means that the user is going to supply
the GZ coefficients direct to the program.

GZPLAG - Integer

Not used in this wversion

GZCURV - Real array GZICURV(52)
The users points are expanded out to 52 pairs of peoints using
cubic-spline interpolation. As these points are equidistant
7 GZCUR% represents the GZ of each of these expanded points.

AQ
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Labelled Common Block Variable Map

COMMON/INPOUT/NIN, NOUT, NINM, NOUTP3, NOUTP4,
NOUTPZ2, NOUTR, NOUTG, NOUTM, NOUTPL

NIN - Integer
| NIN represents the fortran logical channel number of
the input data file '
Set in WINDUP (GLOBALS)
NOUT - Integer '
NOUT represents the fortran logical channel number of the
output file which is laterlisted on a line pointer,

NINM - Integer
NINM represent the fortran logical channel number of

console input, (Terminal) .

NOUTP3 - Integer

Not used in this versioﬂ.

- NOUTP4 ~ Integer

Not used in this version.
NOUTP2 - Integer .

NOUTP2 represents the fortran logical channel number of
‘the flat bed plotter for plotting output,

NOUTR -~ Integer

NOQUTR represents the fortran logical channel number of the
scratch data file, which is deleted when not regquired.

NOUTG - Integer

Not used in this version.

NOUTM =~ Integer
NOUTG represents the fortran legical channel number of the
console output (Terminal).

NOUTPl - Integer
NOUTP1l represents the fortran logical channel number of the

tektronix terminal for plotting.

Ay
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MODE

Labelled Common Block Variable Map

COMMON/FPLMODE/MODE

Integer

MODE represents the plotting mode required, and can
have two values ' N

MODE = 1; plot lines
MODE = 2; plot symbols (+)

&l



Labelled common block variable map

COMMON/PRHMDT/K1, K3, PEE, DELTAR, THETAS, PSGZCF,
ASTRT, AFIN, OMEGAO, OMGMIN, OMGMAX,
L, ALPHAM, ALPHAE, NOSTEP, NMAX, NDPLCS

(user supplied coefficients)

X1 - real

linear damping term Kl

K3 - real

non-linear (cubic) damping term K3

PEE - real
current value of paramétric (1f NOPAPZ 0O) or

value of parametric amplitude (if NOPAPZ=Q)

DELTAR - real
current parametric phase (rads} if NOPAPZ O or
value of parametric phase if NOPAPZ = O.
DELTAR = §&p '

THETAS - real

still water bias angle (rads). See Vol 1 for conventions.

PSGZCF - real array of DIMENSION (253)
PSGZCF represents the function GZ(8) such that if

2 3 5 n
GZ(B),TTE‘ (rle + rze + r38 ...rn+19 )
rl 2
then ‘
PSGZCF (1) = w02
PSGZCF(3) = w 2.r
o 2
1
PSGZCF(N) = w 2
g ¥ i1
rl 2
47
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ASTRT

AFIN

CMEGAO

OMGMIN

OMGMAX

Note

N must be same as N for GZCOEF (=GZCRDR}

and only the cdd terms of PSGZCF are used.

real
ninimum relative roll amplitude (rads) to use in the

frequency response.

real
maximum relative roll amplitude (rads) to use in the

frequency response,

real

natural roll frequency u_ (rad/sec) of ship.

real
minimum frequency in frequency response {(rad/sec).

Must be greater than zero.

real -

maximum frequency in frequency response {rad/sec)

real array of DIMENSION (5)
Given some non-linear function of 9 such as

.3 5 N
FN(B) = r3e +F50 ...FNG

it can be shown that

sinwt) = Lo + L.sinwt + L.cos2wt + L.sin3dwt...

Fyla, + 2 1 2 3

1

L represents the LN terms when FN(G) corresponds to the

non-linear part of the GZ curve such that

L(l) = L0
L(2) = L1
etc.

A more detailed explanation of the method used to calculate

L can be found in the description of 'FINDLS'.

44
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N

ALPHAM

ALPHAE

NGSTEP

NMAX

NDPLCS

real

maximun waveslope o {in rads)

real

effective waveslope o, {in rads).

integer

number of steps: for search.

integer

Not used.
integer

accuracy of sclution required in number of decimal

places.

AS
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Labelled common block variable map

COMMON/PRHMRS ./RELPHS, DELTAP, RELAO, ABSAC, RELAZ,
RELA3, RELOSZ, RELOS3, ABSAl, ABSPHS,
GAMMA

{calculated results of pertubation analysis)

(at current wave frequency & (OMEGA) )
RELPHS - real
relative phase of roll moticn (rads)
DELTAP - real

parametric phase (rads) d&p

RELAO - real

ao term in relative coordinates (rads)

ABSAQ - real

a, term in absolute coordinates {rads)

RELAZ - real
amplitude of second harmonic of roll motion (rads)

in relative coordinates (az)

RELA3 - real

: amplitude of third harmonic of roll motion (rads)

in relative coordinates (a3)

RELPS2 -~ real
phase of second harmonic of roll motion (rads)

in relative coordinates.

RELPS3 - real
phase of third harmonic of roll motion (rads)

in relative coordinates

ABSAl - real

amplitude of fundamental of roll motion (rads)

in absolute coordinates (al)
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ABSPHS

GAMMA

real
phase of fundamental of roll motion (rads)

in absolute coordinates.

Complex
GAMMA represents the stability of the roll motion
at the current fregquency. For better description

see theory section of Vol. 1.

41
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Labelled common block variable map

COMMON/RSDE1 /RELAL

RELAL - real -
represents the current relative roll amplitude

of the ship in radians
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S Labelled Common Block Variable Map

COMMON/WHERE /ATAMTE

ATAMTE - Logical

Represents the location of the program suite, When set to true,
indicates that SORACOS is situated at AMTE(H). )

Set in WINDUP (GLOBALS).



3.3 Operating Environment

T . . .

The relationship between data files and pexipherals, together with
the programs required in the PERTPHASE object module is illustrated below.

1

DISK

—
\ \

|1

TEKTRONICS
- GRAPHICS
, . TERMINAL N
l J NINM NI
[ NOUTM PERTPHASE QBJECT
I VDU [ NOUTPL | MODULE '
; - : :
' 5 PERTPHASE [ SCRATCH /
_ GLOBALS NOUTR\ DISK \
li CALCOMP 81 | NOUTP]  GINOF ROUTINES
FLATBED [
~ PLOTTER /
: ,
I: ' NOUT
PLOTTER

/ PERTLIST /
\ ‘DISK - \

SPOOL PERTLIST -F

i | / /
Jr—

-

] 1

1

] -
-
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3.3.1 File Usage
PROGRAM LOGICAL PRIMOS FILE R/W " COMMENTS
VARIABLE CHANNEL FUNIT NAME
NUMBER NUMBER
NOUTM 1 - - W Output to users
; terminal
NINM 1 - - R Input from users
terminal
NIN g 4 PERTDATA R Contains data for
prograim
NOUT 9 5 PERTLIST W Contains results for
later printing (uses
fortran format
affecters).
NOUTPL 1 - - W Used by GINO for
graphic output
(terminal).
NOUTP2 L - - W Used by GINO for
' graphic output,
(flatbed plotter)
NOUTR 11 7 - R/W Scratch file for
program.
54
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3.3.2 File Descriptions

FILENAME TYPE FORMAT MEDIA

PERTDATA STANDARD SERIAL MINIMUM 128 BYTES/RECORD DISK
MAGNETIC

PERTLIST STANDARD SERIAL MINIMUM 128 BYTES/RECORD DISK
MAGNETIC

SCRATCH STANDARD SERIAL MINIMUM 128 BYTES/RECORD DISK

MAGNETIC

SL
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3.4 EXECUTIVE CONTROLLER

Description

The main segment of PERTPHASE that controls the
running of the program.

Specification

None

Theogx

None

Descrietion

The structure of the main segment is straightforward and

self-explanatory.

Error 'Indicators

None

BAuxillary Routines

WINDUP (GLOBALS) PSRDDT (PERTPHASE) PRDTTE (PERTPHASE)
WNDOWN (GLOBALS) PRRDEX (PERTPHASE) PRHMSS (PERTPHASE)
! PLTC (GLOBALS) PRWRTE (PERTPHASE) PRRSLT (PERTPHASE)

‘Timing

Not applicable

‘Storage

120 integer elements are declared internally.

Accuracy

Not applicable

References

None

Jt
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Purpose

CPXDET

Subroutine to determine the determinant of a complex

P

square matrix by Crout Reduction.

Specification

SUBROUTINE CPXDET (A, ND, DETR, DETI, IFAIL)

Description of Parameters

ND -

DETR -

DETI -

IFAIL -

Complex array of DIMENSION (ND, ND)

On entry A contains the matrix for
which the deterﬁinant is to be found.
On exit A contains the L and U factors

such that

‘A=L#*y

Integer
On entry ND specifies the size of A.

Unchanged on exit.

Real
On exit DETR specifies the real part of

the determinant.

Real
On exit DETI specifies the imaginary part

of the determinant.

Integer
On exit IFAIL indicates if an error occurred
in the routine

IFAIL = O : No error

IFAIL = 1 : Zero on leading diagonal
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Theory 6

The method of Crout reduction is described in the reference, .

Descrigtion

The routine is straight forward and self explanatory.

Error Indicators

When the routine returns IFAIL signals if an error.
occurred. 7

If IFAIL = O the routine has been successful., If IFAIL = O
then a zero occurred on the leading diagonal {<1.00E ~ 30)

Auxillary Routines

None

'Timing

The time taken to calculate a determinant is proportional

to N3.'

‘Storage

There are no internally declared arrays.
1

‘Accuracy

" References

(1) HILDEERAND F.B.
'Introduction to Numerical Analysis'

McGraw-Hill, (1956}

55



3.4.2 ECEMIL

Purgose

Subroutine to determine the characteristic exponent of the

Hill Equation. The Hill equation being‘of the form

9 .
d’¢
——— + =
Je2 Q)Y d 0
where ¥ = w t to produce time scaling.
2
Specification

SUBROUTINE ECEHIL (Q, M, N, LAMBDA, MU, WKSP, IFAIL)

Description of Parameters

Q - Complex array ¢f DIMENSION N
On entry Q(K) contains the complex fourier
coefficients of Q(t) such that

Q(J) = }_ (-2339) 4¢,

. Qtle
1 11 .
evaluated between ~11/2 and 11/2

As fortran does not allow negative indices

Q(N-1)/2 + 1) = Q

and (1) =0
-(N-1)/2

etc...

Unchanged on exit.

N ~ Integer
On entry N represents the range of coefficients

contained in Q i.e. If

Q10 " 90 then N=21.

Unchanged on exit.
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M - Integer
On entry M indicates the dimensions of WKSP.
M must equal (N + 1)/2

Unchanged on exit.

WAMBDA - Complex
On entry WAMBDA is set equal to Qo

Unchanged on exit.

Mu - Complex

On exit MU contains the characteristic exponent
of the Hill Equation based on Floquets theorm that
the Hill Eguation has two linearly independent

solutions. These solutions having MU and -MU as

the exponents.

WKPS - Complex array of DIMENSION M, M

Workspace.

IFAIL - Integer
On exit IFAIL indicates if an error has occurred

within the routine,’

IFAII, O ; no error

IFAIL = 1 ; zero occurred on leading diagonal.

" "Theory

The theory is detailed in (3).

" ‘Pescription

The "DO 1" loop and "DO 2" loop forms a matrix in WKSP such
that

QA_M

D(o) = DET &__ + - :
A+ (N + 23n) 2

MU is then found from

cosh (mu) =1 = Do) (L - cos (n/X ))

based on a number of identities (3).

51



Error Indicators

When the routine returns, IFAIL signals if an error occurred.

If IFAIL = O the routine has been successful. If IFAIL = 1
then a zero occurred on the leading diagonal of WKSP when

finding the determinant D{o)}.

Auxillary Routines

CPXDET (PERTPHASE}

Timing

The time taken is proportional'to'N3.

Storage

There are no internally declared arrays.

Accuracy

" 'References

(1) MABINUS W, WINKLER S.

" 'Hills Equation'

Interscience 1966

{2) ARSCQTT F.M.,
'Periodic Differential Equations'

Perganon Press 1964

{3) WRIGHT J.G.,
'Ship roll response and capsize in regular and non
regular seas’

Southampton University Report, 1978.

o



3.4.3 EQTN1

PUIEOSG

Utility routine to calculate other variables required for
the complete pertubation series solution for mathematical

model 1l (with no sway}.

Specification

SUBROUTINE EQTNl (OMEGA, RELAL)

Description of Parameters:

OMEGA - Real )
On entry OMEGA specifies the frequency in
rads/sec of the waves, to produce a roll
amplitude of RELAL.

. Unchanged on exit.

RELA]L - Real
On entry RELAL specifies the relative ship
roll amplitude in radians.

Unchanged on exit.

" Theory

Details of the theory can be found in the references.

Description

As this model does not include sway, the sway terms (Sl...DY)

are set to zero.

A test is conducted to see if the parametric has been
defined as a function of frequency. If this is so then
p and §&p (PEE, DELTAR) are calculated using cubic spline

interpolaticn.

The various phases and amplitudes are calculated next.

59
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To calculate the stability parameter GAMMA, a time history
is produced (105 points) from t = -n/w to t = T/w , of the

variational equation (see 1 ang 2).

Having done this, a fourier transform is condutted via
complex numerical integration to find the fourier coefficients

Q(I).

Finally KAPPA is calculated (1) so that GAMMA may be found.

Error Indicators

None

Auxillary Routines

ECEHIL (PERTPHASE)

Timing
The time taken is proportional to N.

’ Storage

There are 223 complex elements and 502 real elements,

'Accuracz

Not applicable.

References

(1) - WRIGHT J.G.,
'Ship roll response and capsize in regular and non-regular
seas', Southampton University-AMTE(H) report. 1978.

(2) FBEAT G.R., JONES, D.G.,

'Parametric Excitatlon and the stability of a ship
subjected to a steady heeling moment'. ISP Nov. 1981,

O
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3.4.4 EQTN2

Purpose
Utility routine to calculate other variables required for
the complete pertubation series solution for mathematical

model 1 including sway.

Specification

SUBROUTINE EQTNZ2 (COMEGA, RELAL)

‘Description of Parameters

OMEGA - Real
On entry OMEGA specifies the frequency in rads/sec
of the waves, to produce a roll amplitude of
RELAL, -

Unchanged on exit.

RELAL - Real
On entry RELAl specifies the relative ship roll
amplitude in radius. '

Unchanged on exit.

" 'Theory

Details of the theory can be found in.the reference.

‘Description

The structure is similar to EQTN1, with the addition of

terms relating to the calculation of sway.

Error Indicators

None.

Auxillary Routines

ECEHIL (PERTPHASE)

Ll
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Timing

The time taken is proporticnal to N.

Storage

There are 223 complex elements and 502 real elements

declared internally.

Accuracx
Not applicable,

References

{1) FEAT G.R.,

End of contract report on 'Mechanism of Capsize in

Beam Waves'

March 1983

L1
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3.4.5 EQTN3
‘"Purpose
Utility routine to calculate other variables required for

the complete pertubation series solution for mathematical

model 2, (does not include sway).

" "Specification

SUBROUTINE EQTN3 (OMEGA, RELAL)

" ‘Description of Parameters

OMEGA - Real .
On entry OMEGA -specifies the frequency
in rads/sec of the waves, to produce a roll
amplitude of RELAL,

Unchanged on exit.

RELAl - Real
On entry RELAL spécifies the relative ship
roll amplitude in radians.

Unchanged on exit.

“Theogg

Details of the theory can be found in the reference.

"DescriEtion'

The structure is similar to EQTNL,

""Error Indicators

None

Auxillary Routines

ECEHIL (PERTPHASE}

Timing

The time taken is proportional to N.

Storage
There are 223 complex elements and 502 real elements.

o
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Accuracy

Not applicable.

‘References

(1) BASS, D.W.,
'On the response of biased ships in large amplitude
waves'.,

ISP Jan. 1983



3.4.6 . FINDLS

Purgose

Subroutine to determine the following series to represent

the nonlinear part of the GZ curve, such that

F_(a + a

N o lsinmt ) =_Lo + L

+ LI
lsinwt choswt

Specification

SUBROUTINE FINDLS (RELAl, FNW¢, L)

. - et -‘ . ]

Description of Parameters

RELAlL = Real
On entry RELAl specifies the relative ship roll

in radians (a, sinwt)

Unchanged on exit.

FNW - Real array of DIMENSION (15)
On entry FNW¢ (I} is a function of the

GZ curve such that

1

FNW) (I} = OMEGA$++2*GZCOEF (1) /GZCOEF (1)

Unchanged on exit.

-
=
1

Real array of DIMENSION (5)
On exit L(I) specifies the coefficients as

specified above,

¥

" 'Theory
A detailed explanation of the theory and method can be found in (1),

" '‘Description
The code follows by and large the details given on P112-113 of

-

(1). It should be noted that BINCFF contains binomial coefficients

for generation of the series. Aalso

AGN(I) = BS(‘I—]‘)

and  AIN(I) al(f—l)

and L(l) = Lo

L(5) L

rt
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Error Indicators

None

Auxillary Routines.

None

Timing
Proportional to N

Storage

There are 649 real elements declared internally.

" Accuracy

Not applicable

" ‘References

(1) WRIGHT, J.G.,

'Ship roll response and capsize in regular and non-regular

seas'

'
‘

Southampton University report 1978, ppll2-113,
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3.4.7 PRHMSS

Purgose

Subroutine to determine the frequency response of the system

using the required mathematical model.

‘Specification

SUBROUTINE PRHMSS

"Theory

None

" ‘Description

Initially, a flag, EQTN is set to the type of model required.

EQTN = 1 ; model l'(w;ight and Feat)
EQIN = 2 i model 1 including sway (Feat)
EQTN = 3 + model 2 {Bass)

Titles for use with the graphs is next written to NOUTR, the
end of these titles being marked by the constant ENDFLE,

The rootfinding is initialised and then the approximate
rootfinder is called depending on the model being used.
’Basically RELAl is set at some value and the values of
frequency that produce that roll amplitude are gound via

the root finding.

I1f roots were found for the.current value of RELAl, then the
other variables are determined, phases etc, and conversion is then

made from radians and radians/sec to degrees and hertz.

These variables are then written into the scratch file for

later accessing,
RELAl is incremented and the process repeated.

When the scratch is complete the scratch file is marked with

ENDFLE and control returns to the calling program.

** WARNING **

Pl
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The input/output to the scratch file has to be matched through
a number of subroutines. Changes to formats or I/0 statements
regarding NOUTR must be undertaken with utmost care to avoid

errors occurring. (This program assumes the scratch fiel to have

- 128 bytes/record).

‘Error Indicators

None

Auxillary Routines

RTFNDR (PERTPHASE) EQTNl (PERTPHASE) RESIDL  (PERTPHASE)
RTFND2 (PERTPHASE) EQTN2 (PERTPHASE) RESID2  (PERTPHASE)
EQTN3 (PERTPHASE) RESID3  (PERTPHASE)

"Timing

The timing is dependant on the model be;ng used,
GZORDR and NOSTEP.

"Storage

There are 40 integer elements and 332 real elements declared

internally,

Accuracy

See 'RTFNDR' or 'RTFND2'

" References

None

0%
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3.4.8 PRPLOT

Purpose
Subroutine to read in the results of the frequency analysis

from the scratch file and plot out the appropriate options

as dictated by the arguments of the routine,

Specification

SUBROUTINE TMPLOT (NX, NY)

‘Description of Parameters

NX - Integer
On entry NX specifies the option for the x-axis.
Its value is the same as returned by TMMNU,

Unchanged on exit.

NY - Integer
As NX but for the y-axis,

" Theory

None

"Descrigtion

The scratch file is initially reset and the titles for the graph
are read into 'ITITLS'. If the title does not correspond to the
appropriate option then the array is overwritten when xeading in

the next line.

If the 'ENDFLE' marker is encounteréd then the next step of

the routine is executed.

Lines 6f results are now read in from the scratch file (NOUTR)
and the values of the selected options are stored in DPTS.

If the end of the file is encountered by the routine, by finding
the ENDFLE'marker, or DPTS is full, then a call is made to
XYPLTG {(GLOBALS} to plot the results on the previously

nominated plot device,

The next section of the routine plots the experimental points
onto the graph just drawn, S$hould this be appropriate.

Control is then returned to the calling routine.

% WARNING %

2
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** WARNING **

The input/output to the scratch file has to be matched through
a number of subroutines. Changes to formats or 1/0 statements
regarding NOUTR must be undertaken with utmost care to avoid

errors occurring.

(This program assumes the scratch file to have a minimum

of 128 bytes/record)

Error Indicators

None

Auxillary Routines

XYPLTG (GLOBALS) MOVTOZ (GINO-F)
SYMBOL (GINO-F)

‘Timing

Not applicable

"Storage

There are 64 integer elements and 520 real elements

declared internally.

'Accuracz_

Not applicable

References

None

0



3.4.9 ' PRRDEX

'Purgose

Subroutine for reading in data that represents experimental

points, for plotting on the computed results graphs.

‘Specification

CALL PRRDEX

" Description of Parameters

None

" 'Theory

None -

‘Description

The structure is self-explanatory

‘Auxillary Routines

None

: Timing

Not applicable

Storage

There are 40 integer elements and 100 rxeal elements

declared internally.

" 'Accuracy

Not applicable

‘References

None

T



1 1 1 1 1 i

i .I -t

]

3.4.10 7 PRRSLT

Purpose

Subroutine to print the results from the frequency iespbnse.

"Specification

SUBRCUTINE PRRSLT

‘Description of Parameters

None

" "Theory

None

" ‘Description

The routine is guite étraight‘forward,_it simplyAreads the

titles for the graphs ‘until the ENDFLE marker is found.

The routine then progresses to read in the results and point
them ocut until the next ENDFLE marker is read.

\ ‘
If the parametric terms were functions of fregquency or sway
was included then the process is repeated as there is a

second set of results to print out.
Control is then restored to the calling program.
** WARNING **
The input/output to the scratch file has to be matched through
a number of subroutines, Changes to formats or I/0 statements

regarding NOUTR must be undertaken with utmost care to avoid

errors occurring.

‘Error Indicators

None

L



Auxillary Routines

None

Timing
Not applicable

Storage

There are 40 integer and 245 real elements declared internally.

Accuracy

Not applicable

‘References

None

e
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3.4.11

‘Purpose
Subroutine to establish the plot to be made, by prompting

the user,

" 'Specification

PRMNU

SUBROUTINE PRMNU (IX, IY)

" Description of Parameters

IX -~ Integer

On exit IX represents the option required by the user

for plotting on the x-axis.,

IX
IX
IX
IX
IX

IX.

IX
IX
IX
IX
IX
IX
IX
IX

If the sway .is included then the following additional options

are available for

IX
IX
iX
IX
IX
IX
IX

IY

13
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14
15
16
17
18
19
20

- - - -y - - L TR 1Y -~ - - e

-

- - LY} -

Terminate program
frequency (RAD/SEC)
frequency (HERTZ)
absolute roll amplitude
absolute roll phase
relative roll amplitude
relative roll phase

1lst harmonic amplitude
1st harmonic phase

2nd harmonic amplitude
2nd harmonic phase
absolute a

relative a,

real part of gamma

plotting:~

parametric amplitude

. parametric phase

sway coupling S1
sway coupling S2
drift velocity
sway amplitude

sway phase,

Integer
Same as IX but for the y-axis

~Fi

IX can be one of the following:
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Theogg

None

DescriEtion‘

The operation of the routine is self-explanatory.

Error Indicators

If the user inputs an invalid option then the user is

queried again.

“"Auxillary Routines.

None

" Timing-
Not applicable

" 'Storage

There are 150 real elements declared internally.

" "Accuracy

" Not applicable

" 'References

None



3.4.12 ' PRDTTE

Purpose
Utility routine to print out the experimental points as supplied

by user.

Specification

SUBROUTINE PRDTTE

‘Description of Parameters

None

" "Theory

None

"DescriEtion

The operation of the routine is self-explanatory.

“'Brror Indicators

None

“"Auxillary Routines

None

"~ Timing
Not applicable

Il B BN N EE T =

“Storage

There are 40 integer and 100 real elements declared internally.

" Accuracy

Not applicable -

" 'References

il None

T




3.4.13 PRWRTE
ll
i
' Purpose
I{ : Utility routine to point out tables of constants as supplied

by the user,

Specification

- SUBRQUTINE PRWRTE

Description of Parameters

None

‘Theory

i None

" ‘Description -

LI! ’ The coperation of the routine is self-explanatory

l " Error Indicators

None

‘"Auxillary Routines:

| I ) None

e Timing.
I Not applicable
It ' 'Btorage
' There are 45 integer elements and 320 real elements declared
‘ I: internally.
!
I{" ' 'Rccuracy

Not applicable

—
I‘-' " ‘References

None
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’ Storage

3.4,14 - PSRDDT

Purpose

Subroutine to read in and validate,data for the frequency

response,

Specification -

SUBROUTINE PSRDDT

‘Description of- Parameters

None

" 'Theory

None

"~ Description

The routine reads in various coefficients etc. relating to the

frequency analysis, options being selected by various flags.
Should a variable be out of range then the flag NOERR is.
incremented and an error message is written to the users
t?rminal. Execution continues until a call to PRDEX is

made, If NOERR is zero, there, then execution is aborted.

" "Error Indicators

See above,

‘Auxillary Routines

None

“Timing

Not applicable
There are 45 integer elements and 320 real elements declared
internally.

Accuracy

Not applicable

References

None
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3.4.15 ' RESIDL

Purpose

Subroutine to define the residue of the function for detexmining

the frequency response of ship roll from mathematical model 1

(no sway).

Specification

* SUBROUTINE RESID1 (OMEGA, RSDUE)

Description of Parameters

OMEGA - Real
On entry OMEGA specifies the current estimate
of the root for which the residue is to be
found, .

Unchanged on exit.

RESDUE - Real
: " On exit RSDUE specifies the residue of the

function at the freqﬁency OMEGA.

" “Theory

From the petubation expansion (1) and (2) an expression can

be found such that

F(w,ai) =0
Given ajr is varied until the above identity is satisfied.
(Using RTFNDR). This routine specifies the above identity
for mathematical model 1 (no sway).
Description

The routine is self-explanatory.

Error Indicators

None

1
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Auxillary Routines

None

Timing

Time taken is proportional to NOPAPZ and GZORDR.

Storage

There are 195 real elements declared interxnally.

‘Accuracy

Not applicable.

"‘References

(1) WRIGHT, J.G.,
'sShip roll response and capsize in regular and non-regulaxr

seas' Southampton University — AMTE (H) Report 1978,

(2) FEAT G,R., 'JONES, D.G,,
'Parametric Excitation and the Stability of a Ship Subjected
to a steady heeling moment',

ISP Nov. 1981,

50
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3.4.16 RESID2

Purgose

Subroutine to define the residue of the function for
determining the frequency response of ship roli from
mathematical model 1 {(with sway). -

Specification

SUBROUTINE RESID2Z (OMEGA, RSDUE)

‘Description of Parameters

OMEGA - Real
On entry OMEGA specifies the current estimate
of the root for which the residue is then to
be found.

Unchanged on exit,

RSDUE - Real
On exit RSDUE specifies the residue of the
function at the frequency OMEGA.

'Theogx

From the pertubatic expansion (1) an expression can be

found such that:-

F(.W;ai) =0

~given aj,; w is varied until the above identity is satisfied,

(Using RTFNDR), This routine specifies the above identity
for mathematical model 1 (with sway).

‘ DescriEtion

The routine is self-explanatory.

"Error Indicators

None

g\



Auxillary Routines

None

S I

Timing
Time take is proportional to NOPAPZ, GZORDR and NOSWAY.

preind

’ Storage

There are 195 real elements declared internally.

-

‘Accuracy

-

Not applicable

‘References

N .

(1) FEAT, G.R.,
End of contract report on 'Mechanism of Capsize in
Beam Waves'.

March 1983

I N I N
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CHAPTER 4

TIMEPHASE

This chapter describes the detailed operation of the program

"TIMEPHASE', together with its relationships with other programs
in the suite. '

Procedural descriptions are in the order found in 'TIMEPHASE'.
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4.1 Program Description

TIMEPHASE is a program within the suite SORACOS V3.2.

Its function is to provide a time domailn simulatidn of a boat

or ship rolling in beam waves with zero forward speed.
Options are provided for initial conditions, different forcing
functions, including a user supplied forcing function, and

various plotting options including phase portraits.

The language used is the same as specified for the whole suite

as is the peripheral requirements.

B«
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4.2.2 Labelled Block/Module Interelationship

oLId

ddad

NDOSYTD

NMOANIM

daNIm

THSATA

P

DLTIAX

IXVdd

INITdS
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TOOSYD
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MODULE
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BLOCK

DATAL

DATAG
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INPOUT
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PRHMDT

TMHMDT

WHERE
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Labelled Common Block Variable Map

COMMON/DATAl /IPASS, NOERR, ITTL

IPASS -~ Integer

Not used in this version.

NOERR -~ 1Integer

Represents the number of errors encountered on input of data.

ITTL = 1Integer array ITTL (40)

Represents the title of the current run as specified by the
user. Characters are stored in A2 format (i.e. 2 characters

per element) with a maximum of 80 characters.

R4Vt
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Labelled Common Block Variable Map

COMMON/DATAG /BARK1

BARK] - Real "

Defines the angle dependent damping k

%1

1



Labelled Common Block Variable Map

COMMON/DATRLO/SWVST, SWVS, SFT, NOWVS, XEXP, YEXP, NOEXP,
WVSLPE, FORCE, IXOPT, IYOPT.

SWVST - Real array of DIMENSION (250}
If the user is specifying his own forcing function,
then SWVST(I) contains the time in seconds of the h
points.

SWVS - Real array of DIMENSION {(250)

If the user is specifying his own forcing function,
then SWVS(I) contains the waveslope in radians of the
Ith point.

SFT - Real array of DIMENSION (250)
If the user is. specifying his own forcing function
then SFT(I) contains the forcing function (B + ;)
of the Ith point.

NOWVS = Integer
Number of points in user defined forcing function.
| If NOWVS = O then user requires a regular time domain

response.

XEXP - Real array of DIMENSION (250)
If the user is specifying experimental points for
plotting onto the corresponding graph, then XEXP(I)
contains the x-coordinate of the Ith pdint'in user data

units.

YEXP - .Real array of DIMENSION (250)
' If the user is specifying experimental points for
_plotting onto the corresponding graph, then YEXP(I)
contains the y-coordinate of the Ith point in user

data units.

29
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NOEXP

WVSLPE

1

FORCE -

IXOPT -

IYOPT -

Integer
represents number of pairs of points in XEXP(I)
and YEXP(I)

If NOEXP = O then no experimental points to be plotted.

real..

instantaneous waveslope at pregent point in calculation

in radians.

real
instantaneous value of forcing function at present point

in calculation.

integer
represents the option on the x-axis for the experimental
point graph. Has the same values as "TMMNU' etc.

i.e., IXOPT = 1 signifies time in seconds.

integer *

as IXOPT but for the y-axis.



Labelled Common Block Variable Map

COMMON/DWBTME/ IEQN, GZCOEG, PSGZCG, ZO, DELTAY

IEQN - Integer
represents mathematical model to use as selected
by the user ;

IEQN = 1 ; model 1 (University of Southampton)

IEQN = 2 '; model 2 (University of Newfoundland)
GZCOEG -~ real array of DIMENSION (15)
'GZCOEG represents polynomial coefficients that describe

the displaced GZ curve H(8) given

HB) = w,° (h, + h263’+ n3é5... fEian)
h; : 2
d then
GZCOEG(1) = h,
GZCOEG(3) = h2
' GZCOEG(N) =h_

N must be in r%nge 3...15 and only the odd terms of
GZCOEG are used.
PSGZCG - real array of DIMENSIQN(lS)

PSGZCG represents the function H{9) such that

o2 3 5 n
H(8) = w® (h 8 + ho” +he ... h 6"

o
[\

1
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then
2
PSGZCG (1) = W
PSGZCG (3) = woz_.hz
hl
PSGZCG(N) = 2 h
: Wy v
hl 2

N must be same as N for GZCOEG (=GZORDR) and only the odd terms
of PSGZCG is used.

20 - Real

represents relative heave amplitude (see theory Vol. 1)

DELTAY - real

represents relative heave phase such that

: ‘Sz = &+ DELTAY

(see theory vol. 1)
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! Labelled Common Block Variable Map

COMMON/GZDATA/GZVNSH, GZCOEF, GZORDR, GZWGHT, GZAMP, GZANG,
GZNPNT, GZFLAG, GZCURV

GZVNSH -~ Real
GZVNSH represents the vanishing angle of the users GZ .

curve.

Supplied by user.

GZCOEF - Real array GZCOEF(15)

. GZCOEF represents the GZ coefficients of the fitted polynomial,

" given that the GZ curve can be represented as -

3 5 n
Gz(0) = w92 (r; + r,§ + r3e ceerp1 B
r
1l _ 2
then
GZCOEF (1} = rl .
GZCOEF(3) = r2
"
i L]
, n
GZCOEF (N} = rN+l
2

It should be noted that N must be) 15 and that only the odd

terms of GZCOEF are used.

GZORDR - Integer

GZORDR represents the order of the GZ curve. It will have an

odd value in the range 3...15.

GZWGHT - Integer
GZWGHT is a flag that represents the weighting used by ths
polynomial fitting routine that is reguired by .the user.

GZWGHT

"

1l ; more accurate at small angles of heel.

GZWGHT

2 ; more accurate at large angles of heel.

Y]
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GZAMP - Real array GZAMP(25)

GZAMP contains the GZ (metres) for points supplied from the

users GZ curve.

GZANG - Real array GZANG(25) _

GZANG contains the angle of heel (radians)- for each of the
corresponding points in GZAMP i.e. GZANG(I) is the angle of
heel that produces a GZ of GZAMP(I).

GZNPNT -~ Integer

GZNPNT represents the number of points supplied by the user
to define the GZ curve. GZNPNT is also the number of elements
used in GZAMP and GZANG.

If GZNPNT = O then it means that the user is going to supply
the GZ coefficlients direct to the program.

+

GZPLAG - Integer

Not used in this version

GZCURV - Real array GZCURV(52)
The users points are expanded out to 52 pairs of points using
cubic-spline interpolation. As these points are equidistant
GZCURV represents the GZ of each of these expanded points.

1
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Labelled Common Block Variable Map

COMMON/ INPOUT/NIN, NOUT, NINM, NOUTP3, NOUTP4,
NOUTPZ, NOUTR, NOUTG, NOUTM, NOUTPL

Integer
NIN represents the fortran logical channel number of
the input data file

_Set in WINDUP (GLOBALS)

NOUT -

NINM -~

NOUTP3

NOUTP4

NOUTP2

NOUTR

NOUTG

NOUTM

NOUTP1

Integer
NOUT represents the fortran logical channel number of the
output file which is laterlisted on a line pointer.

P

Integer
NINM represent the fortran logical channel number of

consale input. (Terminal).

;.Integer

Not used in this version.

- Integer

Not used in this . .version.

- Integer _ ‘
NOUTP2 represents the fortran logical channel number of
the flat bed plotter for plotting output.

- JInteger

NOUTR represents the fortran 1ogical'channel number of the

scratch data file, which is deleted when not required.

- Integer

Not used in this version.

= Integer
NOUTG represents the fortran logical channel number of the

console cutput (Terminal).

- Integer
NOUTPL repfesents the fortran logical channel number of the
tektronix terminal for plotting.
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MODE

Labelled Common Block Variable Map

COMMON/PLMODE/MODE

Integer

MODE represents the plotting mode required, and can
have two values

MODE
MODE

1; plot lines
2; plot symbols (+)
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Labelled common block variable map

COMMON/PRHMDT/K1, K3, PEE, DELTAR, THETAS, PSGZCF,
ASTRT, AFIN, OMEGAC, OMGMIN, OMGMAX, -
L, ALPHAM, ALPHAE, NOSTEP, NMAX, NDPLCS

{user supplied coefficients)

K1 - real

linear damping term Kl

K3 - real

non-linear (cubic} damping term K3

PEE - real
current value of parametric (if NOPAPZ 0) or

value of parametric amplitude (if NOPAPZ=0)

DELTAR - real
current parametric phase (rads) if NOPAPZ O or
value of parametiic phase if NOPAPZ = O.
DELTAR = &p

THETAS - real

0

still water bias angle (rads). See Vol 1 for conventions.

PSGZCF - real array of DIMENSION (25)
PSGZCF represents the function GZ(8) such that if

_ 2 3 5 n
GZ(0) ”fg_ (?16 + rze + r3e "‘rn+le )
rl 2
then
PSGZCF(l) = moz
PSGZCF(3) = w 2.r
_o 2
1
PSGZCF (N), = w 2
' "o T+l
rl 2
518
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N must be same as N for GZCOEF {=GZORDR)

and only the odd terms of PSGZCF are used.

ASTRT - real
minimum relative roll amplitude (rads) to use in the

frequency response.

AFIN - real
maximum relative roll amplitude (rads) to use 1n the

freguency response.

OMEGAO - real
natural roll frequency & {rad/sec) of ship.

OMGMIN - real

minimum frequency in frequency response (rad/sec) .

Must be greater than zero.

OMGMAX -~ real
maximum frequency in frequency response (rad/sec)

L - real array of DIMENSION'(S)
Given some ﬁoq—linear function of © spch as

: SR | 5 N
FN(B) = F_0 + Fs ...FNG

it can be shown that

o+ . ~ ' . + . ce
_FN(ao alSant} Lo + L151nmt + L2c052wt L351n3wt

L represents the L _ terms when FN(B) corresponds to the

. N
' non-linear part of the GZ curve such that

L(1) =1L
L2 =L
(2) 1
etc.
Note A more detailed expianation of the method used to calculate

L can be found in the description of 'FINDLS'.

97
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ALPHAM

ALPHAE

NOSTEP

NMAX

NEPLCS

real

maximum waveslope am {in rads)

real

effective waveslope o, {in rads).

integer

number of steps for search,

integer

Not used,

integer
accuracy of solution required in number of decimal

places.
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Labelled common block variable map

COMMON/TMHMDT/AM, AE, TS, ROLL, OMEGA, TSTOP,
DELTA, ISOLN

(user supplied variably)
AM -~ real array of DIMENSION (8)

A number of variables AM...TS are functions specified

in the time domain with the following waveshape:-

AM(I) defines the maximum waveslope @ such that

AM(1) = LEVELl {rads)
AM(2) = LEVELZ {rads)
AM{3) = LEVEL3 {rads)
aM(4) = Tl (secs)
AM(5) = T2 . {secs)
AM(B) = T3 {secs)
AM(7) = T4 {secs)
AM{8) = T5 (secs)
AE - real array of DIMENSION(8)

Same as AM but for the effective waveslope Q.-

TS - real array of DIMENSION(8)
Same as AM but for the still water bias 8sS.

ROLL ~ real array of DIMENSION (2}
ROLL(1) represents 8 at the current point in the solution,

ROLL(2) represents 8 at the current point in the solution.

OMEGA - real

frequency of wave encounter w {(rad/sec)

TSTOP - real

end point of solution (secs)

99
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DELTA

ISOLN

. ISOLN

real

phase of waves § (rads)

integer

Scolution method to use

1: Runga-Kutta-Mertson
ISOLN

2: Trapezoidal with error control.

Nwle,
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5 Labelled Common Block Variable Map

COMMON/WHERE/ATAMTE

ATAMTE - Logical

Represents the location of the program suite. When set to true,

indicates that SORACOS is situated at AMTE(H).

Set in WINDUP (GLOBALS}.

\AA



Operating Environment

The relationship between data files and periéherals, together with
the programs required in the TIMEPHASE object module is illustrated

[ rreoamn [
\Lomsx

NIN

TIMEPHASE OBJECT
MODULE

TIMEPHABE
GLOBALS

GINOF ROUTINES

[ SCRATCH /
NO UTR\ DISK \

below.
TEKTRONIX
GRAPHICS
TERMINAL
J NINM
DU / NOUTM
f:' NOUTPL
‘CALCOMP 81 L NOUTD?2
FLATBED +
' PLOTTER /
PLOTTER

INOUT

ﬁl‘IIﬂELIST /
\;DISK \

/

/

Z LINEPRINTER /

)

\WOL

SPOOL TIMELIST -F
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4.3.1 File Usage

PROGRAM LOGICAL PRIMCS FILENAME R/W COMMENTS
VARIABLE | CHANNEL | FUNIT '
NUMBER | . NUMBER | = .
NOUTM 1 - - W Dutput to users
: terminal

NINM 1 - - R input from users
terminal

NIN 8 4 TIMEDATA R contains data for
program

NOUT 9 5 TIMELIST W contains results for
later printing
(uses fortran format

~ effectors)

NOUTPL 1 - - W Used by GINO for
graphic output
{terminal)

NOUTP2 1 - - W Used by GINC for
graphic output
(flatbed plotter)

NOUTR 11 7 SCRATCH R/W Scratch file used
by program

%)
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4.3.2 File Descriptions

FILENAME

TYPE

FORMAT

MEDIA

TIMEDATA

STANDARD
SERIAL
MAGNETIC

MINIMUM 128 BYTES/RECORD

DISK

TIMELIST

STANDARD
SERIAL
MAGNETIC

MINIMUM 128 BYTES/RECORD

DISK

SCRATCH

STANDARD
SERIAL
MAGNETIC

MINIMUM 128 BYTES/RECCRD

DISK

04
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Purpose

The main segment of TIMEPHASE that controls the running of the

program,

Specification

None

Description of Parameters

Not applicable

Theory

None

'DescriEtion

The structure is straightforward and self-explanatory.

‘Error Indicators

None

‘Auxillary Routines

WINDUP (GLOBALS)
WNDDWN {GLOBALS)
PLTC (GLOBALS})

Timing

Not applicable

Storage

120 Integer elements
‘Accuracy
Not applicable

References

None

TMRDDT
TMRDEX
TMWRTE

THHEMSS
TMRSLT

EXECUTIVE CONTROLLER

(TIMEPHASE)
(TIMEPHASE)
(TIMEPHASE)
(TIMEPHASE)
(TIMEPHBASE)
(TIMEPHASE)

oS
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This subroutine integrates a system of ordinary differential

equations over a range using Mersons method or the Trapezoidal Rule.

The routine advances the solution of a system of ordinary differential

equations

%i = fi (xlleY2f"'l‘yN)7! i=1,2,...,N.

-

from x to x + ho, using a number of steps of Merson's form of the
Runge-Rutta method (RKN) or with the trapizoidal method and error
control (TEC). '

Specification

SUBROUTINE DF{X,Y,G,T,N,IFAIL,HO,H,AUX, YO,E,
A,B,C,D,ISOLN)

Description of Parameters

X - Real
Before entry, X must be set to the initial value of
the ilndependant variable x.

On exit it will contain x + hO, unless an error has occured,

when it will contain the current value.

Y - Real array of DIMENSION at least (N)
Before entry, Y.must be set to the intial values of
Yyr Yyreeo¥ye
On exit it will contain the computed values at x + ho,
unless an error has occured, when it will contain the

current values.

G ~ Real array, DIMENSION at least (N)
Before entry, G must be set to exror bounds specified
‘by the user for each component of the sclution,

Unchanged on exit.

\ols
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Integer
Oon entry, T must contain 1,2, or 3, to define the type
of error test to be used. 1f the local error in

¥Y{I}) 1s estimated as E(I).then

1 gives a mixed test: |E(I)|<G(I)*(1 + {¥(D]),
2 gives an absolute test : |E(I)|<G(I),
3 gives a relative test : |E(I)|< G(I)*|¥(D)]

L]
i

For most cases T = 1 is recommended.

T is unchanged on exit.

Integer
On entry, N specifies the number of differential equatlons.

Unchanged on exit,

IFAIL - Integer

On exit IFAIL specifies 1f an error has occurred.

(see sectlon 'Error Indicators')

Hé - Real

AUX -

On entry, H¢ specifies the interval h¢ over which integration
is required.

Unchanged on exit.

Real

On entry, H specifies the estimate of the step length needed
for integration. (The routine will-modify this if necessary
to maintain local accuracy). If H is zero on entrxy it will
be set initially to H¢.

On exit, H specifies the final step size.

External

Subroutine supplied by user of the form

SUBROUTINE AUX (F,Y,X)
REAL F{n), ¥(n)

where n is the numerical value of N.
LUX evaluates the derivatives of ¥Y(1), Y(2),...¥Y(N)
at a general point X, and places them in F(1),F(2),..., F(N).

ol
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Yé - Real array of DIMENSION (N}
Workspace
E - Real array of DIMENSICHN (N)

Work space

A - Real array of DIMENSION (N)

Work space

B - Real array of DIMENSION (N)

Work space

c - Real array of DIMENSION (N)

Work space

D - Real array of DIMENSION (N)

Work space

ISOLN - Integerxr

Theory

On entry it specifies the method of solution required
IJSOLN = 0 ; Runga-Kutta with Mertson's error control (RKM)
ISOLN = 1 ; Trapezoldal with error control (TEC)

RKM is best suited to lightly non-linear non-shift systems
TEC is suited to the samg‘kinds of systems as RKM, but
gives a more accurate result when the system is close

to its limit of stability.

The theory used can be found in section 4.4. (RKMRTS)

or 4.4 (TRPZDL} as required.

Descriptions

The operation of this routine is fairly self-explanatory.

10D
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Error Indicators

Errors detected by the routine:

IFAIL

[}
[

This indicates that the step length_has been halved
repeatedly until it is less than 10 -~ (initial step

length), The values of X and Y(I) are those at the

current stage of integrations.

iIFAIL

]
48]

This indicates that the routine has been entered with T not
equal to 1, 2 or 3. The values of X and Y(I) are the
initial values.

This indicates that the number of steps required
exceeds the largest integer representable in the
machine.

IFAIL

I!
W

Auxillary Routines

RKMRTS (TIMEPHASE)
TRPZDL (TIMEPHASE)
Timing

This depends on the complexity of the system. The routine AUX
is called five.times for each integration step of length H.

‘Storage

There are no internally declared arrays.
Accuracy

Tge error per step is of order H5 for RKMRTS with small H, and
H” for TRPZDL and small step.

The error estimates obtained from *these two methods are not strict
bounds, but they are fairly reliable over one step. Note that only
the local error is controlled by varying the step-length H., Over

a number of steps the errors may accumulate in various ways, depending
on the system, and there is no guarantee that the overall error will
be less than the bound specified.

The user can check the results by repeating the calculation with
a different set of error bounds G(I).

The user can chose the type of error test to be applied by specifying
the appropriate value of T. The mixed test(given by T = 1) is
effectively an absolute test for |¥(1)|<<l, and a relative test

for IY(l)|>>l, and so it meets most cases. The absolute test

(T=2} may be more appropriate if the solution oscillates, but

only a fixed number of decimal places are required, The relative test
(T=3) may be appropriate if the solution increases rapidly over the
range provided no component passes through zero.

\09
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If the routine terminates with IFAIL = 1 (step-length toc small)

the program can be tried again with a smaller initial value of H.

However if the failure persists, or if computing time. is getting tco
large, the user should consider there is a more fundamental difficulty.

For example,

In the region of a singularity (infinite value) of the solution,
the roptine will usually stop with H too small, unless

overflow occurs first. Numerical integration cannot be
continued through a singularity, and analytical treatment

should be considered.

For 'stiff' equations, where the solution contains rapidly
decaying components, the routine will require a very small

H in order to preserve stability (TRPZDL does this automatically)
and. this may make the computing time excessively long. If

H is small when the system solution is varying slowly then

the system is probably stiff and ancther method of

needs to be sought (Gears Method).

References

}
See appropriate routine.

ilo
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4.4.2 DFEQN1

Purpose

Subroutine to define the ship roll in the time domain by
supplying the differentials. Model used was developed at

Southampton University.

Specification

SUBROUTINE DFEQNLI (F,¥, TIME)

5

Description of Parameters

F - Real array of DIMENSION (2)
On exit the array F(I) contains the derivatives

of Y(I) evaluated at the point TIME.

Y - Real array of DIMENSION (2)
On entry Y(I) contains the value of the Ith
function at the point TIME.

Unchanged on exit.

TIME - Real
On entry TIME specifies the value of the independant
variable at which the derivatives are required.

Unchanged on exit.

Theory

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

hand coordinate system (x,y,z) origin as the still water surface,
with the ship moving forwards along the x-axis, with y-axis
positive to starborad. Suppose for simplicity that the c. of g,
‘lies on the load waterplane. Let the angle of roll be denoted by
¢ . Suppose the waves are long in coﬁparison to the ships beam

so that the wave slope as experienced at the ship is approximately
that on the x-axis. 1If we assume that 6=¢ -= and given that the

waves have a maximum waveslope am then relative roll is given by:

AN}



6 + kla + k é3+ (1 - pcos (wt + §p}) R(8) = B + fcos(wt+d)
Ve

F(t)

3

where
n

£f= aewz » 6p=06+6p , k,=angle dependent damping -

1
{further details of nomenclature éan be found in 1 }.

if F(2) = 4(8) =48

dt

F(1) = da(8) = 0

t

. then we have two simultaneous, first order, differential

equations viz

a _ g
dt ¢
2(0) = F(t) - k.6 - k363 - (1 - pcos{wt+Sp) )R(8)
T datc 1 .
2
- le 0

This corresponds to the last few lines in the routine. If
the user supplies his own F(t), i.e. non-periodic then p

must be-zero.

Description

The routine is fairly straight forward, and self explanatory.
If the user is supplying Fft), (the forcing function), then

piecewise linear interpolation is used between parts.

Wz
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4.4.3 DPEQTN?2

Purpose

Subroutine to define the ship roll in the time domain by
supplying the differentials. ‘

Model used was developed by University of Newfoundland.

Specification

SUBROUTINE DPEQN2 (F, Y, TIME)

Description of Parameters

F = Real array of DIMENSION (2)

On exit the array F(I) contains the derivitives

of Y(I) evaluated at the point TIME.

Y - Real array of DIMENSION (2)
On entry ¥(I) contains the value of the Ith
function at the point TIME.

Unchanged on exit.

TIME - Real

On entry TIME specifies the value of the independent
variable at which the derivatives are required.

Unchanged on exit.

Theory

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

in the beam. The basic frame of reference is a fixed, right hand
coordinate system (x,y,z), origin on the still water surface,

with the ship moving forwards along the x-axis, with y-axis
positive to starboard. Suppose for simplicity that the c. of g.
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 experienced at the ship is approximately
that on the x-axis. If we assume that & =¢ -a and given that

the waves have a maximum waveslope . then relative roll

is given by:

1wy
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6 + k8 +k 8% + (1 - pcos (wt+6p)IR(0,0_, H_)

3

where

£f= uemz, S§p =G8+6p

{further details of nomenclature can be found in 1 )

. ay

If F(2) = d(B) =9

t

and F(1) = d(8) =6
at

then we have two simultaneous, first order differential

equations viz

ae _ .
dt
a(8) 3

at F(t) - klﬂ - k36

This corresponds to the last few lines of the routine.

——-WARNING—-

The user cannot supply his own F(t) with this model.

Error Indicators

None

Auxillary Routines

FRCPTN (TIMEPHASE)
XYFCN (TIMEPHASE)

Timing

Not applicable,

Storage

Accuracy .

Not applicable

- (1 - pcos{wt + Gp))R(B,Bs, Ho)

W4

fcos (wt +68)
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References

2 Bass, D.W.

'0on the Response of Biased Ships in Large Amplitude

Waves'

Int. Shipbuildihg Progress Vol 30, January 1983.
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4.4.4 RKMRTS

Purpose

The routine advances the solution of a system of first-order
ordinary differential eguations

dy, .
Y = fi(x,yl,yz, ey yN), i=1,2,...,N

dx

from x to x + h, using a single step of Mersons form of the

Runge-Kutta method.

The routine also gives estimates of the truncation error in

each of.the variables.

Specification

SUBROUTINE RKMRTS (Y¥,E,X,H,N,AUX,S,B,C,D)

Description of Parameters

¥ - Real array of DIMENSION at least (N}.

Before entry, Y must be set to the initial values

of Y Y

lr 2; se ey YN-

. On exit, it contains the computed values at the end

of the step h.

E - Real array of DIMENSION at least (N).
On exit, E(1l}, E{(2), ..., E(N) contain estimates of

the magnitudes of the truncation errors (Y(l), ¥(2),...,Y(N).

X - Real

On entry, X is set to the initial value of the independent
variable x.

On exit, it contains x + h.

H - Real
On entry, H must specify the step-length h.

Unchanged on exit.

N - Integer

On entry, N must specify the number of differential equations.

Unchanged on exit.

he
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Aux - External
Subroutine supplied by user, with specification
SUBROUTINE AUX (F,Y,X)
REAL F{n), ¥Y(n), X

where n is the numerical value of N.

AUX must evaluate the derivatives of ¥Y{1}, ¥Y(2),.

at a general peoint X, and place them in F(l), F(2},...,

F(N).

A - Real array of DIMENSION (N)

Used as work space.

B - Real array of DIMENSION (N)

Used as work space.

c - Real array of DIMENSION (N)

Used as work space.

D - Real array of DIMENSION (N)

Used as work space.

Theory

The theory is better detailed in the references but briefly,

given a set of N differential equations, at a point x the

derivatives are

dy )
....._.i;= F (x )
ax r er Yz---YN

and the following terms can be found:-

Kl =h . F(x,yl, y2...yN)

W

K, =h. F(x + h,y, +k + k
3

3 ll Y2 lfno-lyN+k1)

Ky=h. Fix+h, y  +K +K, vy, +K +K, ...)
3 3 3 1 > 22 2 21 22

K, =h. F(x +h, y. +
4 3 5 1

338
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K + 6K, ...)

F(x +h, y; +3 %k, - 9K, "

= h,
> 3 2 2
The finite-difference formula-

Yi(x+h)

=y, (x) +F (x +h, y +3K —_gK3 + 6K, L)
2 2
error = 0.2 (K1 - g-KB + 4K4 - ES)
2 2
Description

The structure is straight forward and self-explanatory.

Error Indicators

Estimates of the local truncation error are given in E(1),
E(2), ..., E(N} on exit. The user should test these quantities,

and reduce the step-length if they are too large.

Auxillary Routines

AUX (DFEQNLl or DFEQN2)

‘Timing

This depends on the complexity of the system. The routine

AUX is called five times for each step.

Storage

There are no internally declared arrays.

Accuracy _ _

The truncation error per step is of order hs for sufficiently
small h. The error estimates are not strict bounds, but

they are fairly reliable over one step. Over a large number
of steps the errors may accumulate in various ways depending
on the system. A simple check on the accuracy cover a range

is to repeat the whole calculation with the step-length
halved.

‘References

(1} LAMBERT, J.D.

'Computational Methods in Ordinary Differential Equations'

Wiley 1973 ppl30-135.
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(2)

MAYERS, D.F.
'Numerical Solution of Ordinary and Partial Differential

Equations' Fox, L(ed), Pergamon 1962 ppl6-27.
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4.4.5 FRCFTN

Purpose

Function to find instantaneous wvalues of the time domain

function defined by Hl...H3 and T1...T5.

Specification

REAL FUNCTICN FRCFTN (H1, H2, H3, T1, T2, T3, T4, T5, X)

Description of Parameters

Hl - Real
Oneentry Hl specifies the initial level of the function
that exist between T2...T2

Unchanged on exit.

H2 - Real
On entry H2 specifies the level of the forcing function
between the times T3...T4

Unchanged on exit.

H3 - Real
On entry H3 specifies the level of the forcing functiocn

after the time T5.

Tl...T5 Real
On entry Tl...T5 specify the times at which the
forcing functions level changes.

Unchanged on exit.

X - Real
On entry X specifies the time at which the value of
the function is required.

Unchanged on exit.

Theory

The time domain function is assumed to behave in the following

manner.

{2.0
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H3

H2

P i
Al T2 T3 T4

From the diagram it can be easily seen what Hl...T5

represents.

Description
The routine simply tests for the interval that X lies in

and then performs linear interpolation.

Error Indicators

None

Auxillary Routines

None

Timing
Not applicable
Storage

There are no internally declared érrays.

Accuracy

The accuracy is dependent on how close X is to one of the points
T1l...TS.

References
bbbl bl LA

None

‘2
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4.4.6 TMHMSS

bDescription

+ Subroutine to determine the time domain response of the system

from the differential equations,

Specification

SUBROUTINE TMHMSS

‘Description of Parameters

None

" 'Theory

None

Description

The scratch file {(NQUTR) is reset and the titles for use on the

~graphs are written to A, followed by a marker, which will

indicate the end of thg titles. The marker is the number - 10000.0.

The next section of code is fairly self-explanatory, and

initalises the time domain solution.

The solution is conducted in the DO 30 loop. The appropriate

model being selected via IF statements.

Should the solution be terminated early then two markers are

written to the scratch file and control returned to the calling program.

== WARNING --

The input/output to the scratch file has to be matched through

a number of subroutines. Changes to formats or I/O statements

regarding NOUTR must be undertaken with utmost care to avoid

errors occurring. (This program assumes the scratch file

to havei28 bytes/record).

Error Indicators

None

UL
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Auxillary Routines

DF (TIMEPHASE)
DFEQN1 (TIMEPHASE)
DFEQN2 (TIMEPHASE)

Timing

The timing is dependent upon GZORDR and NOSTEP.

Storage

There are 40 integer elements and 1459 real elements declared

1

internally.

Accuracx
See 'DF',

References

None.,

WA
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4.4.7 . TMMNU

Description
Subroutine to establish which plot to make.

Specification

SUBROUTINE TMMNU (IX, IY}

Description of Parameters

IX Integer
On exit IX specifies the users option for plotting

on the X-axis. The options available are

IX =0 ; Terminate program

IX =1 ; time

IX =2 ; frequency

IX = 3 ; maximum wave slope

IX = 4 ; effecpive wave slope

IX = 5 -; still water bias angle
IX = 6 ; relative roll angle

IX =17 ; relative velocity of roll
IX =8 : insténtaneous wave slope
IX =9 ; absolute roll angle

IX = 10 ; forcing function

IY Integer
On exit IY specifies the users option for plotting.

The optians are as above.

“Theory

None

‘Description

The structure of this routine is self-explanatory.

Error Indicators

None

Auxillary Routine

None

24
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Accuracy

Timing

Not applicable

[

Storage

There are no internally declared arrays.

Not applicable

References

None
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4.4.8 TMPLOT

Purpose

Subroutine to read in the results of the time domain
computation from the scratch file and plot out the appropriate

options as dictated by the arguments of the routine.

Specification

SUBROUTINE TMPLOT (NX, NY)

Description of parameters

NX - ~Integer _
On entry NX specifies the option for the x~axis,

Its value is the same as returned by TMMNU.

Unchanged on exit.

NY - Integer
As NX but for the y-axis.

“Theory.

None

Description
The scratch file is initially reset and the titles for the graph
are read into 'ITITLS'. If the title does not correspond to the

appropriate option then the array is overwritten when reading the

next limne.

If the 'ENDFLE' marker is encountered (see TMHMSS) then the next
step of the routine is executed. Lines of results are now read
in from the scratch file (NOUTR) and the values of the selected
options are stored in DPTS. If the end of the file is encountered
by the routine finding the ENDFLE marker, or DPTS is full then a
call is made to XYPLTG (GLOBALS) to plot the results on the

previously nominated plot device.

26
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The next section of the routine plots experimental points onto
the graph just drawn should thus be appropriate., Control is

then returned toc the calling routine.
**WARNING**

The input/output to the scratch file has to be matched through
a number of subroutines. Chahges to formats or I/0 statements
regaxding NOUTR must be undertaken with utmost care to avoid
errors occurring.

(This program assumes the scratch file to have a minimum of

128 bytes/record.)

Error Indicators

None

Auxillary Routines

XYPLTG (GLOBALS) MOVTO2 (GINO-F)
SYMBOL (GINO-F)

Timing
Not applicable

"Storage

There are 64 integer elements and 1462 real elements declared

internally.

"Accuracz

Not applicable

References

None

\2.1
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4.4.9

Descrigtion

Subroutine to read in the data relating to the time domain

simulation.

Specificaticn

SUBROUTINE TMRDDT

Description ,of Parameters

None

TheoEX

None

Description

The structure is self-explanatory

Error Indicators

None

Auxillary Routines

None

Timing

Not applicable

Storage

TMRDDT

There are 40 integer elements and 1433 real elements.

4

Accuracy

Not applicable

References

None

V29
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4.4.10

Purpose

Subroutine for reading in data that represents experimental points,

for plotting on the computed results graphs.

Speciffcation

SUBROUTINE TMRDEX

Description of parameters

None

Theory

None

Description

The structure is self explanatory

Error Indicators

None

‘Auxillary.Routines

None

"Timing

Not applicable

"Storage

There are 40 integer elements and 1250 real elements declared

internally.

" "Accuracy

Not applicable

References

None

1))
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4.4.11 TMRSLT

Purpose

Subroutine to print results from a time domain analysis.

Specification

SUBROUTINE TMRSLT

Description of Parameters

None

Theory

None

Descrigtion

The routine is quite straight forward, it simply reads the

titles for the graphs until the ENDFLE marker is found.

The routine then progresses to read in the results and print
them out until, the next ENDFLE marker is read in. Control
then returns to the calling program.

[}

**WARNING* *

The input/output to the scratch file has to be matched
through a number of subroutines. Changes to formats or
I/O statements regarding NOUTR must be undertaken with

utmost care to avolid errors occurring.

Error Indicators

None

Auxillary Routines

None

Timing

Not applicable

Storage

There are 40 integer and 10 real elements declared internally.

Accuracy References
Not applicable None

(T
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4.4.12

Purpose

Subroutine to print out the user defined experimental points.

Specification

“

SUBROUTINE TMDTTE

Description of Parameters

None

"Theory

None

Description

TMDTTE

The structure of this routine is self-explanatory

Error Indicators

None

‘Auxillary Routines

None ,

" Timing

Not applicable

" ‘Storage
There are 40 integer elements and 1250 real elements declared

internally.

‘Accuracy

Not applicable

" ‘References

None

o
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4.4.13 TRPZDL

Purpose

The routine advances the solution of a system of first-order

ordinary differential equations

dy, : .
i = fi (x,yl, Yor seer yN) s, =1, 2, ...N

dax
from x to x + h, using a single step of trapezoidal integration.

The routine also gives estimates of the truncation error in each

of the wvariables,

Specification

SUBROUTINE TRPXDL (Y, E, X, H, N, AUX, A, B, C, D)

Description of Parameters

Y - Real array of DIMENSION at least (N).

Before entry, Y must be set to the initial values of
Yl, Y2’ ...YN. .
On exit it contains the computed values at the end

of the step h,

E = Real array of DIMENSION at least (N).

On exit, E(1), E(2), ..., E(N) contain estimates
of the magnitudes of the truncation errors

in Y(1), ¥(2), ..., Y(N}.

X - Real

.On entry, X is set to the initial value of the
independent variable x.

On exit, it contains x + h.

H - Real

On entry H must specify the step-length h.

Unchanged on exit.

\32
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N - Integer
On entry, N must specify the number of differential
equations.

Unchanged on exit.

ARUX - External
Subroutine supplied by user with specification,
SUBROUTINE AUX (F, Y, X)
REAL F(n), ¥(n), X

where n is the numerical value of N,

AUX must evaluate the derivatives of Y(l), ¥Y(2),...,¥Y{(N),

at a general point X, and place them in F({1), F(2), ...,¥(N).

A - Real array of DIMENSION (H)

Used as workspace.

B . - Real .array of DIMENSION (N)

Used as worképace

C - Real array of DIMENSION (H)

Used as workspace

D - . Real array of DIMENSION (N)

Used as workspace

Theory .
The theory is better detailed in the references, but briefly,
given a set of N differential equations, at a point x the

derivatives are -

dyi

R R
The integration is then conducted over the step length h to give
yi(x + h) = yi(x) + h* {F(x) + F(x + h}))

The error is calculated by repeating the calculation in two steps,

and comparing the two solutions by subtraction.

%%



Descrigtion

The structure of the routine is self-explanatory.

Error indicators

Estimates of the local truncation error are given in E(1), E(2),
«--s E{N) on exit. The user should test these quantities and

reduce the step-length if they are too large.

‘Auxillary Routines

AUX (DFEQNL OR DFEQN2Z)

. Timing

This depends on the complexity of the system. The routine

AUX is called six times for each step.

"Storage

There are no internally declared arrays.

‘Accuracy

The truncation error per step is of order h3 for sufficiently
small h. The error estimates are not strict bounds, but they
are fairly reliable over one step.  QOver a large number of
steps the errors may accumulate in various ways depending on
the system. A simple check on the accuracy over the range

is to repeat the whole calculation with the step-length halved.

" 'References

1 BOWN G.C.

"TRAN:- A program for transient analysis of circuits"

Proc. IEE, vol. 122, no. 3, Mar. 1975, pp253-258.

et
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4.4.14

Purpose

Subroutine to print coefficients of the time domain analysis.

Specification

SUBRQUTINE TMWRTE

Description of Parameters

Nene

TheoEX

None

Description

The structure of this routine is self-explanatory.

Error Indicators

None

Auxillary Routines

None

'Timing

Not applicable

Storage

There are integer elements and real elements declared internally.

Accuracy

Not applicable

References

None

TMWRTE



) B e N M B S S

B BN . J

4.4,15

Purpose

XYFCN

Subroutine to construct a piecewise-linear approximation for a

function ¥Y(X) from a.set of N points, and to use this approximation

to give a numerical value for the function Y for a given value

of X.

‘Specification

SUBROUTINE XYFCN {XDATA, YDATA, N, X, Y, IFAIL)

Description of Parameters

XDATA

YDATA

IFAIL

Real array of DIMENSION (250}
On entry XDATA(I} %epresents, in ascending order, the
values of the independant variable X.

Unchanged on exit.

Real array of DIMENSION (250)
On entry YDATA(I) represents the values of the dependent
variable Y(I) corresponding to X(I).

Unchanged on exit.

Integer
On entry N specifies the number of points in XDATA
and YDATA. Unchanged on exit.

Real

On entry X specifies the value of the independant
variable for which the approximate value of Y

is desired.

Unchanged on exit.

Real

On exit, Y is the estimate of the dependent variable.

Integer

On exit IFAIL specifies whether an error has occurred

in the routine.

IFAIL = O ; NO error
IFAIL = 1 i N>250 or N<2
IFAIL = 2 + X> XDATA(N)OR X< XDATA(l}

9y,
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CHAPTER 5

GLOBALS

This chapter describes the detailed operation of the library
routines that constitute *GLOBALS' together with the relationships

with other programs in the suite.

Procedural descriptions are in the order found in 'GLOBALS'.
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5.1 Program Description

GLOBALS is a program within the suite SORACOS V3.2.
It consists of a set of routines that are called by the
programs GZPHASE...TIMEPHASE.

GLOBALS constitutes a set of library routines, and is always

executed in conjunction with whichever program is being run.

The language used 1ls the same as specified for the whole suite,

as is the peripheral requirements.

159
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.2 Program Structure

'GLOBALS' has no overall procedural structure, as it only

contains library routines called by other programs.

‘o
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5.2.1

Module Interelaticnship

CALLED
BY

ROUTINE
CALLED

GLOBALS -

GRID

GRSOOL

GRSELT

SPLINT

DRAAXI

XYPLTG
DEVSEL

WINDUP.

WNDDWN

CLRSCN

BEEP

PLTC

GLOBALS-

GRID

GRSOOL

GRSELT

SPLINT

DRAAXI

XYPLTG

DEVSEL

WINDUP

WNDDWN

CLRSCN

BEEP

PLTC

GINO-F-

T4010

ccsl !

CHAHOL

CHASIZ

CHAANG

CHAARR

Mo ged | ™

CHAFIX

CHAINT

CHASWI

DEVEND

DEVICE

LINTO2

LINBY2

MOVTO2

SYMBOL

SCALE2

PICCLE

rM/C DEP.

EXIT

T10U

(4
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‘Labelled Common Block/Module Interrelationships

‘MODULE

5.2.2
COMMON
BLOCK

DATAL
INPUT
PLMODE
WHERE

N I M T O e o N N N N AN R e T N I N e B e



- EE I N I A T am a2

. | 1
-‘ -I

NIN -

NOUT -

NINM -

NQUTP3

NOUTP4

NOUTP2

NOUTR

NOUTG

NOUTM

NOUTPL

Labelled Common Block Variable Map

COMMON/ INPOUT/NIN, NOUT, NINM, NOUTP3, NCUIP4,
NOUTP2, NOUTR, NOUTG, NOUTM, NOUTPL

Integer
NIN represents the fortran logical channel number of
the input data file

Set in WINDUP (GLOBALS)

Integer

NOUT represents the fortran loéical channel number of the

output file which is laterlisted on a line pointer.

Integer
NINM represent the fortran logical channel number of

console input. (Terminal).

- Integer

Not used in this wversion.

- Integer

Not used in this version.

- Integer

NQUTP2 represents the fortran logiéal channel number of
the flat bed plotter for plotting output.

- Integer

NOUTR represents the fortran logical channel number of the
scratch data file, which is deleted when not required.

- Integer

Not used in this version.

- Integer
NOUTG represents the fortran logical channel number of the

console output (Terminal).

- Integer
NOUTPl represents the fortran logical channel number of the

tektronix terminal for plotting.

oD
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MODE

Labelled Common Block Variable Map

COMMON/PLMODE/MODE

Integer

MODE represents the plotting mode required, and can
have two values

MODE
MCDE

1l; plot lines
2; plot symbols (+)

Ve



5 Labelled Common Block Variable Map

COMMON /WHERE/ATAMTE

ATAMTE - Logical

Represents the location of the program suite. When set to true,
indicates that SORACOS is situated at AMTE(H).

Set in WINDUP (GLOBALS).

\¢S
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5.3 OQperating Environment

The relationship between data files and peripherals, together
with the programs required in the cbiect module is dictated
under the appropriate secticn for the main program being
executed i.e. GZPHASE...TIMEPHASE.
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5.4.1

"Descrigtion

GRID

Subroutine for use with XYPLTG to draw a grid on the current

graph.

Specification

SUBROUTINE GRID (XORGIN, YORGIN, XLEN, YLEN, XNINT, YNINT)

" ‘Description of Parameters

XORGIN

YORGIN

XLEN

YLEN

XNINT

YNINT

Real
On entry XORGIN specilfies the x-coordinate of the
graph origin in current device units (usually mm).

Unchanged on exit.

Real

On entry YORGIN specifies the y-coordinate of the

_graph origin in current device units (usually mm).

Unchanged on exit.

Real
On entry XLEN specifies the length of the x-axis in
current device units (usually mm).

Unchanged on exit.

Real
On entry YLEN specifies the length of the y-axis
in current device units, {usually mm}.

Unchanged on exit.

Integer
On entry XNINT specifies the number of intervals on
the x-axis,

Unchanged on exit.

Integer
On entry YNINT specifies the number of intervals
on the y-axis,

Unchanged on exit.

14



Theosx

None.

Descriptiocn

The structure of GRID is self explanatory and straight forward.

Error Indicators

None

Auxillary Routines

MOVTO2 (GIND-F) *
LINBY2 (GIND-F)

‘Timing

Not applicable.

" ‘Storage

There are no internally declared arrays.

' 'ACCUI&CZ

Not applicable.

" 'References

None.

&%
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5.4,2

Puggose

GRS0O01

Subroutine for setting ranges or intervals on graphs to a

set series i.e. 0.1, 0.15, 0.2, 0.25, 0.4, 0.5, 1.0,

Séecification'

SUBROUTINE GRSQO1 (VALUE, RNDDIR)

" 'Description of Parameters

VALUE

Real

1 i
s B BN B B e

On entry VALUE is set to the variable to be
rounded up or down.
On exit VALUE is set to its nearest discrete

value (rounded up or down) that is of the order
0.1, 0.15, 0.2, 0.25, 0.4, 0.5, 1.0

i.e.
If VALUE
VALUE
VALUE

64.375 on entry, on exit
50.0 ; RNDDIR = O
100.0 ; BRNDDIR =1

RNDDIR - Integer _
On entry RNDDIR specifies the rounding direction
v RNDDIR = 0 round down
RNDD;R = 1 round up

Unchanged on exit.

"Theory

None

Descrigtion

The structure of GRSOCLl is fairly straightforward, suffice to say
that *BASE' is 'VALUE' but normalised.

)



E BE Em EEm

e Ea

|

1

Error Indicators

None.

Auxillary Routine

None.

Timing

Not applicable,

Storage

There are no internally declared arrays.

Accuracz

Not applicable.

References

None.

\So
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5.4.3 GRSELT
Purpose

Subroutines to set the range on a graph to tidy intervals.

‘Specification

SUBRQUTINE GRSELT {XMIN, XMAX, NINT)

Description of Parameters

XMIN -~ Real
On entry XMIN specifies the minimum point of the
~graph axis.

On exit XMIN is round up or down teo the oxder of
o, 1, 1.5, 2, 2.5, 4, 5, 10.

XMAX -~ Real
On entry XMAX specifies the maximum point of
the graph axis. :
On exit XMAX is set such that each interval

is integer powers of

0.1, 0.15, 0.2, 0.25, 0.4, 0.5, 1.0

NINT - Integexr
On entry NINT specifies the number of
intervals required.

Unchanged on exit.

"Theogz

None.

Descrigtion

XMIN is rounded up or down depending on whether XMIN is positive

or negative.

The interval is rounded up and XMAX 1is calculated from XMIN,
NINT and the round up interval.

\S\
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Error Indicators

None.

Auxillary Routines

GRSOOL (GLOBALS)

"Timing

Not applicable.

‘Storage

There are no internally declared arrays.

" "Accuracy

Not applicable..

" 'References

None.
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5.4.4 SPLINT

PurEse

Subroutine to interpolate at a given point x=A from a table
of function values YI evaluated at points xI (=1, 2, ... N+l)

e.g. fitting cubic spline functions.

Specification

SUBROUTINE SPLINT (N, &, X, ¥, W, D, 1G, VAL)

Description of Parameters

N = Integerx . .
On entry, N must specify the number of intervals along
the x axis; that is, there are N+l data points along
the x axis.

Unchanged on exit.

A - Real
Oon entry, A must specify the x co-ordinate of
* the point of intexpolation.

Unchanged on exit.

X - Real array of DIMENSION at least (IG).
Before entrf, X(I} must be set to XI' the x
co-ordinate of the Ith data point for I =1, 2, 111, N+l.
The X(I) must be suppiled in strictly ascending order, i.e.

X{1l) <X(2)<... <X(N+1}

On exit, the contents of X are unchanged.

¥ - Real array of DIMENSICON at least (IG).
Before entry, Y(I) must be set to YI, the y co-ordinate
of the Ith data point, for I =1, 2, ..., N + 1.

On exit, the contents of ¥ are unchanged.

\SS
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N

W Real array of DIMENSION at least (IG)

D Used as workspace.

IG -~ Integer
On entry, IG must specify a value not less than N+l
and not greater than 25.

Unchanged on exit.

VAL - Real
on exit, VAL contains the interpolated function
value at the peoints x=A, .

Theory

For a descripticon of the theory'see the references.

Description

None

Error Indicators

None

Auxillary Routines

None

‘Timing

The computation time is proportional to N.

‘Storage

There are no internally declared arrays.
"Accuracy
The accuracy of the result depends on the choice of data

values XI and YI and the position ofrthe interpolation points

relative to these points.,

'\5%
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(1)

(2)

References

HAYES, J.G. (Ed.)
'Numerical Approximation to Functions and Data'

Athlone Press, 1970.
BANDSCOMB, D.C. (Ed.)

"Methods of Numerical Approximation’

Pergamen Press, 19c6.

A\ﬁ‘)



Ml BN BN N =N A B

5.4.5

PuEEose

-‘PRAAXI

Utility routine for use with XYPLTG to plot out the axis,

for a graph.

‘Specification

SUBRQUTINE DRAAXI (XORGIN, YORGIN, RLENGTH, NINT, VBEG, VEND,

IXORY}

XORGIN

YORGIN

RLENGTH

NINT

VBEG

‘Description of Parameters

Real
On entry XORGIN specifies the x-coordinate of the
graph origin in current device units {(usually mm)

Unchanged on exit.

Real
On entry YORGIN specifies the y-coordinate of the

. graph origin in current device units (usually mm)

Unchanged on exit.

Real
On entry RLENGTH specifies the length of the axis
to be drawn in current device units

Unchanged on exit.

Integer
On entry NINT specifies the number of intervals to
be made on the axis.

Unchanged on exit,

Real
On entxy VBEG specifies the value of the origin
in the users data units.

Unchanged on exit.
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VEND -

IXORY

Theorx

None

Description

Real

On entry VEND specifies the value of the end of the

axis in the users data units.

Unchanged on exit.

Integer

On entry IXORY specifies the axis to be drawn.

IXCRY = 0 ;

IXORY = 1 ;

y-axis

x—-axis

Unchanged on exit.

Initially the basic axils line is drawn

The 'DC 10! looP~then draws on the tie marks.

The 'DO 30' loop moves the drawihg point below each tie

mark and writes the value of that point (scaled by a factor

'SIZE' . )

Finally the value of the scaling i.e. 'SIZE'

of the axis.

Error Indicators

None

Auxillary Routines

MOVTO2
LINTO2
LINBY2
CHAANG

{ GINOF)
{GINOF)
(GINOF)
(GINOF)

CHASIZ
CHAFIX
CHAINT
CHAHOL

S6

(GINOF)
{GINOF)
(GINOF)
(GINOF)

is written at the end
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Timing

Not applicable.

Storage

There are no internally declared arrays.

Accuracz

Not applicable.

‘References

None.
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5.4.6 XYPLTG

PL‘IIEOSE

Subroutine to plot a graph of A4 size using the GIND-F
subroutine librar&.

Specification

SUBROUTINE XYPLTG (NODPTS, DPTS, ITITLS, XMIN, XMAX, YMIN,
YMAX, IFILE,- IAUTO)

Description of Parameters

NODPTS - Integer
On entry NODPTS specifies the number of points
to be plotted. .

Unchanged on exit.

DPTS - Real array of DIMENSICN (2,101)
On entry DPTS contains the x and y coordinates
in user data units for plotting.
DPTS (1,I) is the Ith x co-ordinate and DPTS (2,J}
is the Jth y co-ordinate.

Unchanged on exit.

ITITLS -  Integer array of DIMENSION 2,12)
On entry ITITLS contains the titlesrfor the x and ¥
axis in 12A2 format.
ITITLS (l,i) is the Ith pair of characters for the
X axis.
ITITLS (1,J) is the Jth pair of characters for the

y axis.

If an element contains the characters 'C' then the

rest of the title is stripped, when the message

PLOT OF AGAINST
is written. This allows the title to contain the
units when written against the appropriate axis,
but the units are removéd for writing the graphs
title.

196
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XMIN

YMIN

YMAX

IFILE

IAUTO

'Theorz

None.

Real

On entry XMIN specifies the minimum value to
be plotted on the x-axis in user data units.

Not used if autoscaling is selected.
Unchanged on exit, unless autoscaling was

selected, then XMIN is set to the minimum

‘used for the graph.

Real

On entry XMAX specifies the maximum value to
plotted on the x-axis'in user data units.
Not used if autoscaling is selected.
Unchanged on exit, unless autoscaling was
selected, then XMAk is set to the maximum
used for the graph.

Real
As XMIN but for the y-axis.

Real
As XMAX but for the y-axis.

Not used in this version.

Integex

On entry IAUTO specifies if autoscaling is
required. ‘If it is the data is scaled so

as to fit all the data on the graph, and for

the axis to have 'neat' intervals.

IAUTC = Q; not selected
IAUTO = 1; selected

Unchanged on exit.

be
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Description

The routine assumes that the drawing device has already been

nominated using GINOF.

After clearing the drawing area, a test is made for autoscaling,
if this has been selected then the smallest and largest values
of the function to be plotted are found.

These are then altered via GRSELT to obtain neat tie marks.

Having done this, the titles are transfered into the individual
arrays 'IXTITL' and 'IYTITL'. Any characters after and
including *'(' are stripped away and replaced with blanks.

The x and y axis are drawn using DRAAXI and a grid to put
on the graph using GRID.

The next block of code is self explanatory, where the titles are
placed at the head of the graph.

The titles are then transferred, again, into 'IXTITLS' and
'IYTITLS', this time, retaining characters after and including
*(*. These titles are then written out next to the appropriate

axis.

Finally the points are plotted out, depending on the value
of *MODE'.

‘Error Indicators'

None

Auxillary Routines

DRAAXI (GLOBALS) CHAHOL (GINOF) SYMBOL {GINOF)
GRID {GLOBALS) CHASIZ (GINOF) PIZLLE (GINOF)
CHAANG (GINOF)

CHAARR {GINOF)

L;NTOZ {GINOF)

MOVTO2 (GINOF) -

\LO
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Timing
Not applicable,
Storage
There are 64 integer elements declared internally.
Accuracy

Not applicable,

‘References

None.
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5.4.7 DEVSEL

Purpose

Subroutine to query user about plot device required and to

set up as appropriate.

Specification

SUBROUTINE DEVSEL (1DEV)

Description of Parameters

IDEV — Integer

‘Theory '

None

Description

The routine 1s self explanatory.

Error Indicators

None

Auxillary Routines

T4010 {GINOF) " DEVIZE (GINGF)
cc8l (GINOF) . SCALEZ (GINCF)
CHASWI (GINOF)

‘Timing

Not applicable.

Storage

There are no internally declared arrays.

Accuracy

Not applicable.

References

None.
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5.4.8 WINDUP

Purpose

Subroutine for the setting up of certain global parameters used

throughout the suite.

Specification

SUBROUTINE WINDUP

Description of Parameters

None.

Theory

None.

Description

The operation of this routine is self-explanatory.

Errxor Indicators

None

Auxillary Routines

None

Timing

" Not applicable.

“Storage .

There are no internally declared arrays.

Accuracy

Not applicable.

References

None.

\G>
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5.4.9

Purpose

Subroutine to shut down the program environment,

it is not used in this version.

Vbl

WNDDWN

However,
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5.4.10 ’ CLRSCH

Purpose

Machine dependent routine to clear the VDU screen, for use

with a PRIME 550 system.

Specification

SUBROUTINE CLRSCN

Description of Parameters

None

Theory

None

Description

The structure of the routine is self-explanatory except that
T10U outputs an arcis character and the DO loop forms a delay

for the screen to 'settle' after clearing.

Error Indicators

None.

Auxillary Routines

TLocu (M/C DEP).
Timing
Not applicable.
Storage

There are no internally declared arrays.

Accuracy

Not applicable.

References

None.

5
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5.4.11

PUrpose

Machine dependent routine to ping the ‘bell' of the VDU, for

use with a PRIME 550 system.

Specification

SUBROUTINE BEEP

Description of Parameters

None

Theory

None

Descrigtion

The structure of this routine is self explanatory except that

T1OU outputs an ascis character.

Error Indicators

None

Auxillary Routines

T1OU (M/C DEP.)

“Timing

Not applicable.

‘Storage

There are no internally declared arrays.

Accuracy

Not applicable.

References

None.

\bl
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Purpose

PLTC

Subroutine to contrel the plotting. options.

Specification

SUBROUTINE PLTC (MENU, PLOT)

bescription of Parameters

MENU External
A user supplied subroutine of the format.
SUBROQUTINE MENU (IX, IY)
This routine guerys the user about the options
fpr the x and y axis and sets IX and IY accordingly.
If IX = O then its assumed that the program
is then to be .terminated.
PLOT External
A user supplied subroutine of the format
SUBROUTINE PLOT (IX, IY)
This routine plots IX versus IY on the appropriate
device.
‘Theory
None.
" ‘Description

On entry to PLTC, 'IDEV' is set to zero so the use will be

queried over the plot device they require.

The rest of the routine is self explanatory.

‘Exrror Indicators

None

Auxillary Routines

CLRSON (GLOBALS) MENU (MAIN MODULE)
DEVSEL (GLOBALS) PLOT (MAIN MODULE)
BEEP (GLOBALS)

DEVEND {(GINCF)
Ve
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Timing

Not applicable.

Storage

There are no internally declared arrays.

Accuracy

Not applicable.

References

None.
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