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ABSTRACT
.. The gereral equations of surface ship motion are
developed and standardized for simulation in digital
computer. Digital simulations of the dynamics of the
surface ship in three degrees of freedom are done

with and withcut non-linear and cross-coupling terms,
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I. EQUATIONS OF SURFACE SHIP MOTION

A moving ship is a body with »ix degrees of freedom.

These degrees of freedom are generally chosen as follows:

a. Linear displacements along ths three axes
through the center of gravity.
a.l Surge -- along X axes
a.2 Sway =-- along Y axes
a.3 Heave ~-- along Z axes
b. Rotations around the three axes through the

center of gravity.

b.l Roll -- around X axes
b.2 Pitch -- around Y axes
b.3 Yaw - aropnd Z axes

Further reduction in the complex nature of the equa-
tions can be brought about by choosing an orthogonal
axis system parallel to the principal axes of inertia so
as to eliminate products of inertia in the motion equa-
tions. For practically all ocean vehicles, with extreme-
ly few exceptions, a longitudinal axis (X axis) in the

centerline plane, a downward (toward keel) axis (2 axis)

perpendicular to

anAd a
Seh BN AN

centerline plane

the X axis in the centerline plane,

-~ ord - e Lo | S e ~ . e,
QRIS (& aaad) peElpeudlCuldl O Une

4]

satisfies this requirement.
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Figure 1. Surfacz ship in six degrees of freedom.

For the exceptional vehicle which has a very peculiar
and significantly large asymmetrical mass distribution,
it is necessary to include the products of inertia.

The X, 7, 2 axes form an orthogonal right hand system
of axes fixed in the vehicle. Ths axes and the assogiated
components of the pertinent physical quantities are
defined below:

The longitudinal X axis (in the plane of symmetry) is
positive in the forwarcd direction, usually parallel to
the keel or calm water line. If the upper and lower halves
of the body are symmetrical, then the axis is the inter-
section of the two planes of symmetry.

The Y axis is the transverse axis perpendicular to the
plane of symmetry and positive to the starboard,

The Z axis or downward axis in the plane of symmetry
(X,2) is perpendicular to the X axis and positive downward

towards the keel,
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i,j,k unit vectors along the X,Y,7 axis respzctively.
R X,Y.,% vector distance of a point from the origin O,
and the corresponding components along the X,Y and %2 axes.
§=ixG+ij+sz
] u,v,w velocity oxr the origin O (on the body) and
the corresponding components along the X,Y and Z axis.
= fu+ jv+ ke
) p,9.r angular velocity of the body about the origin
and the corresponding components about the axes.,
% =1p+ 3n + kr
The moments of inertia of the body about the X,Y and
Z axes respectively Ix' Iy, Iz.
F X,Y,2, force acting on the body and the correspond-~
ing components along the axes.
P o= iX + 3Y + k2
ﬁ K,M,N Moments acting about the axes.
mo= 1K + M 4 N
Newton's law of motion for a rigid body can be written
as two equations,'one a force equation and the second a
moment equation provided an origin is taken at the centerx

of gravity and the axis system is fixed in space. The

eguations are
>

»—d .d -

F= T (momentum) I {m UG)

M = 2 (angul am) . = & (1)
m = 3t angular momen um)G = 3£
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where U is the geographical velocity of the body, 59 is

3 where the subscript G refers to an origin at the center
g‘.
i% of gravity and m is the mass of the body. For a mass
B essentially constant in time
E; . > da ,=»
& - s
3 Fo=maeite)
% 3 For an origin not at the center of gravity of the
g A body and in a system of axes fixed in and moving with
% : .the vehicle.
E 5. -u +Bxd
3 G “a “G
 §
. where Ua is the velocity of the origin in space. However,
;% since the origin ic on the surface of the earth and the
%; earth rotates, then
i ﬁa=ﬁ+§ex§b
4
£ >
;;

the angular velocity of the earth, and ib is the radius

vector from earth's center to the vehicle. The force

-

equation becomes:

-3

-
+ ﬁe X R+ Q x RG)

4
N
E

Ay
=0

+ 8 x ﬁb)+m[3ex §b+5ex ﬁb]

iy
il
!
P
(=

(6 + 8 x ﬁG)+m[§ex U +§ex §ex ﬁb]

e

= m

A

<+ >
since § = 0 and R, = U ﬁe X ﬁb

<

&>
the term mﬁnxﬁ is the coriolis force and mﬁp X ﬁe X Ry

is the centripetal acceleration due to rotation of the
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earth. These two terms are negligibly small when com-
pared with the other foxces, then

<> d ,=>
Fe=mge@+ 8 xRy
Finding the derivatives of unit vectors (change in
direction)
where di = -kd o ai = jav di =0
dj = 0 dj = -iaV aj = ka b
dk = ia® ak = 0 dk = -jab
Adding the contributions
di _ 5.9 4S9V _ pde
at - 10 * gk - ka
-d—i = -?glp— ’:t And'—-¢«
act = "ige t IOt kF
dk _ 46 _ 5de
at =t gw " Ja t kO
Q = ip + iq + kr
= 49¢ = 48 =
P=g 9 q& T~ at
A i j k
di 3 .
=Q r i= P 9 r
at \ 1 0 0
U = iu + jv + kw
> A ’ oy
R.G = 1XG+ 3YG+ nZG
s ~ ~ ’0\ ~ s ~ ~
%% = id + u(j%% + jv + vg% + kw + wg%
= AR .::C}-‘lj _ »af, '_'\._'.. -.,_?5_3_‘}'_ . 1':_d_?_\
bt - T u\Jdt fhdt; Jv"‘l v 3 .Ldt T hdt)
S a8 _ 2d¢
+ kw + w(ldt b

= iu+ uljr- kq)+ jv+ v(-ir+ kp)+kw + wlig - jp)

10
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] x ﬁG =l p q ~ = E(qZG* rY.)- ;(pZG- rX;)+ ﬁ(pYG~qXG)
Xc Yg %g
§E(§X§G) = E(ZGé~YGf)+ S(Zqu-YGr2)+ E(Yqu~ZGq2)
+ S(xGi - zG§)+ i(xGrp - sz2)+ E(zGrp - XGrz)
+ i(Ysﬁ - XGé)+ ;(chq - Xqu)+ S(xepq - YGPZ:

I
]

from F = iX + jY + kz and ¥ m[%% N g_E(ZS % R)

~

Rewriting and grouping all i terms equal to X, all j
terms equal to Y and all k terms egual to 2 yield

_ . . .2 _ .2
X = m(u vriwg+z.q + rsz r"X .t pa¥, - g XG)
= m(ﬁ+wg—vr-xG(r2+q2) + YG(pq-f) + ZG(rp+é)

Y = m($+ur-wp+xG(pq+£) - YG(p2+r2) + ZG(pq—f) (1)

o}
J

= m{wtvp-ugiX, {rp-q) * YG(qr+§) - ZG(P2+ )

3y @

Frcm

W

a
¢ = gglangular momentum) .

d ¢ 2 o
= ——(il, p + jI, q + kI, )
dat’ X, Yo Zg

G indicates an origin at the center of gravity

. 2 2
IXG— I,-m (YG + 257)
= _ 2 2
Ixc- Iy - m (ZG + XG )
I = I oA (X 2 + Vv \2}
ZG ] G G

11
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After manipulating and using the results for the
derivatives of unit vectors (same as ahove) expressions

for K, H and N are obtained.

K = pr +(IZ- IY)qr+m[YG(w+ PV - qu) - Zg(vtru-pw)l
M= 1.9 +(Ix- Iz)rp+m[ZG(u+ qw = rv)- XG(w+pv~qu)] (2)
N = Izr +(IY- Ix)pq+m[xG(v+ ru - pw) -~ YG(u+qw~rv)]

The terms (gw-rv), (ru-pw) and (pv~qu) are gyroscopic

z2ffects.

The relationship for foxces and moments can be ex-

pressed
Force)
) = f(properties of body; properties of
Moment) motion, properties of fluid)

For a particular ship, in a given fluid with no

excitation force - su

f(properties of motion)

bc < L)
Y s S
it

f(xoyYo:Z°r¢19cW:UnV'WcP;q:reﬁ:ﬁ.ér
Ptqlflalé'ra")
The Taylor series which has the following form may
now be applied to linearize the equations about an

operating voint ?6

2
Xy = 2(E ¢ -TL s e -T2 Y ).,
o’dx “o o) 2 "ot

H
o ax

Appis this to (X, Y,2) cennnnnn

12
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For the case of f(properties of motion) let (x—io)

* X, (Y=Y ) = BY_ and (2-2) = A2

terms second order and higher are neglected for small
perturbations.

From X <yguation the linear terms are obtained:
= t("-") 4 AX ( )+ AY ("—"— )+ AZ (c\z ; oooA (5"")"' veo

Th_. defining relations are:

( ) = ( ) = X
su’o u, u
( _ = X
E_ w=w_ w
Aw = (w—wo)=w, wo =0
Au = (u-uo)

The forme equations then become

X = Xo + XXOXO + XYOYO +....X99 + ....XuAu

Y=Y o+ Yxoxo + YYoY° +....Yee + ""YuAu (3)

Z = Zo + xoXo + ZY Yo +.a..Ze

8 + ERE A

A similar derivation can be done for the X,M and N egua-
tions. The preceding X,Y and 2 equations may now be
equated to the linearized X,¥ and 2 (equations (1)), e.g.,
fox the Y eguation without roll, pitch, and the center

of gravity at XG= o, YG= 0 and ZG= 0 gives the linearized
equation.

Y = m(@ + ur)

13
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fi then

L F ES . . . =

;§ Yxoxo+ YYOYO+ YUt Y ub YovE Y reYoud Yevd Yir = m{viru)
E i

8

E¥ . . .

; Expressions for X,%2 and X,M and N ca:. be determined in

1

a similar procedure.

: In order to obhtain the equation: ir a non-dimensional
1 form some definitions will be given, and applied to the Y
3 force equations as an example of the process.

?E Froude number = —o—

{ /ot

£ /57%
E 97t
E t' = t(vg/L)
E Xt v,z = XXy

A pgl

] v f | . XIYIZ
Cy'rCy'eCyt =
i pU™ L

After replacing and adding the eiiect of waves, the

Y equation becomes:

|

. 2 .
v+ r'a' = = '(C v' + C p' + C r'+ C ér)
2 Yv, Yp' Yr, YG

A EH LR SR AR S AR

14
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%i II. DIGITAL COMPUTER SIMULATION

W S s

The six equations of motion after rearranging by plac-

how BRI

T

ing the second order terms to the left and the rest on the

right side becone:

[ Ry

aaﬁ+ba§+caé+da5+ua§+fa§ -(alalA+a a,A+b.a,B+b,a.B

272 171 272

+ clalC+c2a2C+dlalD+d2a2D

+ ela1£+e2a2E+flalF+f2a2F)

+ IFl

TR TR T T g F S0, 3

{H

b e o A AT R RATS T  SOAN0 1%

aba+bbB+cbC+dbD+ebE+fbF = -(alb1A+a2b2A+b1bla+b2b2B

Ty

+ clblc+c2b2C+dlle+d2b2D

+ elblE+e2b2E+flblF+f2b2F)

+ IF2

T

aci+bc§+ccé*dc5+ecﬁ+fc?

—(alclA+a2c2A+blclB+b2czB

+ clclc+c2czc+dlcln+d2c2D

» InEN 7
+ elcl*+ezczE+flc1'+*zC2‘)

T L ~ v .
R

+ IF3

adA+bdB+cdC+ddD+edE+£4F = -(aldlA+a2d2A+bldlB+b2d2B

4 ¢ C+c262c+dldln+é2d D

it R | 2
+ eldlE+ezdzE*fldl?*f2d2F)
+ IF4

aeA+heB+ceC+deD+eeE+fel

—(alelA+a2e2A+blelB+b2e28

+ clelc+czezc+dlelb+d2ezb |
+ elelE+e2e2E+flelF+f2e2F)

+ I¥S

15
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afA+hEB+CEC+A £D+e FE+E FF

-(alflA+a2f2A+blle+b2f2B

+ l lC+c £ C+dlle+d2f2D

+ lflE+e £ E+tlf1F+f2f2

+ IF6

F)
where A=u, A=u, B=¥, B=v, C=w, C=w, D=p, D=p

ﬁ=é, F=q, F=f, F=r, terms IF include all non-linear
terms such as wave force, wind, rudder deflection---etc.

In the six equations, the right can be set equal to

Il' 12, ~~~~~~ I6 respectively, thus:

I, = (al 1A+a2a A+b 181 Bt —mmmmmmeme £,a F) + IFl

I, = -(al 1A+a boA+b b Bt —=som—omoe fzsz) + IF2
. 13 = —(alclA+a c2P+blclB+ ——————————— f2c2F) + IF3

1, = -(a,d 1A+a2d2A+bldlB+ ----------- f,d,F) + IF4

Ig = -(aleli+a2 2A+blelB+ ————————— wfzezF) + IF5

Ic = -(a1f1A+a2f2A+blle+ ---------- £,£,F) + IF6

the equations thcn have the torm that follows,

aah + baB + caC + daD + eal + faF = I

abA + bbB + cbC + dbD + ebE + fbF = I

acﬁ + bcﬁ + cca + dcﬁ + ecﬁ + fcf = 1
adh + bdB + cal + ddD + edE + fdF = I

A+ beﬁ ceC + deﬁ + eeﬁ +'fe§ = I

-+

\ + bfB + ¢fC + GfD + efE + ffF = I

16
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expressing in matrix form:

aa ba ca da ea fa )N I,

ab bb cb db eb fb B i,

ac bc cc dc ec fc ¢ Ig

ad bd cd dd ed £d p| 7|1,

ae be ce de ee fe E I

af bf cf ¢c ef £f F 1g
Apply Cramer's rule to solve for ﬁ, B —wmm—mm—ee F in

terms of I1 -— I6

Il ba ca da ea fa
I, bb cb db eb £b
13 be cc dec ec fc
I, bd cd dad ed fd
I5 be ce de ee fe
o 16 bf cf daf ef ££
2a ha ca da ea fa
ab bb cb db eb fb

ac be- cc dc ec fc
ad bd cd dd ed £d

e be ce de ee fe

af bf cf df ef £f

define the denominctor determinant i A and for the

nominator let cofactor oif Il ﬁ Cof. aa
cofactor of 12 2 cof. ab, =wm-=veow- and coefactor of 16

Q cof. af equations becones:

L (cof,aaIl+cof.ab12+cof.ac13+cof.adI4+cof.aeIs+cuf.af16)
- A

e
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Ir. the same way solve for B, C, ==-mermcax

. (cof baI1 cof be2 cof bcI3 cof de4 cof beI5 cof beG)
A

5 - (cof caly cof cbI2 cof ch3 cof ch4 cof ce15 cof CfIG)
A

s (cof daIl cof de2 cof ch3 cof ddI4 cof de15 cof de6)
A

ﬁ _ {cof eaI1 cof ebI2 cof ec13 cof edI4 cof eeI5 cof efIG)
A

; ) {cof faIl cof be2 cef fcI3 cof de4 cof feI5 cof ffIG)
A

Then the value of A, A, By, B ~=———w=um F, F by integration

such that

A block diagram to compute ail of thz variables in the
set of equations is presented in Fig. 2.

In the computer program +lat is used for simulation
a'l six equations for six degrees of freedom are used, but
are interested in less than six degrees of freedom. The
same program can be used by setting the coupling terms of
non-used equations equal to zero and one in terms of princi-

al 4iagonal, 2. g, only three degrees of freedom are used

e
S P v e AR S -

n this study, surge, swev and yaw, then all coupling terms
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are set equal to zero and unused terms on the principal

L A N R

g g diagonal equal to one, for example:

E g

§ § aa ba 0 0 0 fa a I,

g.g . ab bb 0 0 0 fb % I,

g g 0 0 1 0 0 0 fi RES

F ¥ 0 0 0 1 0 0 D I,

§ 0 0 0 0 1 0 E I,
at bf 0 0 0 ££ F I

and the left side of the unusecd equations are set equal

‘o 2zero.

With this program non-linear terms can be added such

as, rudder deflection of waves and wind, etc.,, which will

be done by adding all of these whose sum is IFyg e.9.

b e St L LN

x Db+NA

lFl = KAlx Dr+KA2x Ds+KA3

where Dr, Ds and Db are xrudder deflection, canard de-
flection...vss.... €tc, NA is the sum of all non-linear
terms that effect the surge equation (X equation).

The program éhat will be used for solving these equa-
tions is the "Continuous Systems Modeling Program" (CSMP)
[Ref. 3] in which all constants are declared in the first
section and then set the value of matrix for aa, ab, ac

sesss.. and so on (in program AAA is used for aa, AAB for

r - -

ab ....... AFF for £{}. In the initizl cection values of

b

the COFACTORS aa, ba....are determined. All of the CO-
FACTORS and the subprogram VALUE is used to compute. This

subprogram finds the value o0f the determinant of the

25
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matrix. For all of the COFACTOR terms the element is set
equal to one and the rest of the elements in that row and
% column are set equal to zero., For example, to find the
value of COF.aa the following array is obtained:

1 0 0 o0 o0 o
bb ¢b db eb fb

COF aa = be cc dec ec fc

bd cd dd ed £fd

be ce de ee fe

0O O O © o

A i A n

bf 2t df ef f£f

(In the computer program BAP is used for a1, GAA for

W By

a2a2...). After the value of A and all cofactors are

determined, the dynamic section is used to determine BAA,

.
Lo RAR GAh, GAR
L3

LI B B T S — L

(if thoece torme contain variahlee),
In the dynamic section all variables that are functions

é . of time are determined. The defining relations of the
variables are also included in the dynamics section, i.e.

E | UDOT = ADDOT (U=A), U=ADOT.......etc. XH,YH,2H are deter-

mined and are the vector terms, X,Y,2Z whose origin is {ixed

on the earth (relative to the earth).

il ‘an; e il et
WL Y R M R

e

Pl AL it
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IXI. STUDY OF SHIP "D" PERFORMANCE

In this section the computer will be used to solve

the equation of motion describing ship "D". The hydro-
dynamic coefficients and constants that were obtained
from NSRDC (NAVAL SHIP RESEARCH AND DEVELOPMENT CENTER)
[Ref. 6] fur this study will concern only three degrees
of freedom such that SURGE, SWAY, and YAW.

Ejuations of motion of the ship (nondimensional)

Axial Force

2

4]
m{u-vr+wg) = g" + Y X, rp)

L)

(X
( g

g P

+ (X.u + xvrvr + X, wg)

u ]

X v2)

3

sr+x §b%)

2
w (X sy 5565%S Xsnep

2 2
(Alu + Azu u, + A3uc )

+
gr: :F> gr: o
(X

Lateral Force

VHur-wp) = 2 L(Y.p + Yor + Y
m(v+ur-wp) ( 5P 3T pqpq)

(prwp+Y lv|r|+uYrr+Y6v+qup)

v|r

(quv + wiwv + Y

+
zr: N T ND

2
u (Yarér)

Y + Nep +N
P T Vp

=
e

cjPq)

Io T

(N6V+uNpp+uNrr+prwp+va!rlvlr)

[

[
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M e ey o .x PR -~

' T 1

P
+ 5;§4quv+vawv+N [v]v)

[viv

p 2
+ == u“ (N, 6r)
. 2”'2 Sx

p, the density of fluid is taken as 2 and the terms
including w, p. q (heave, roll and pitch) are set equal
to zero.

The nonlinear terms such as the squared terms and

product terms of v and r are omitted initially. Thiz is

in agreement with the small perturbation theory.

After rearranging, the equations become

2
L 2 u
2
g '. = e 2 - - u—
(Yé m)v + Yrr T va uYrr T YGIGr
. 2
N-.v - . _ _u _u . .
vy + (hf Iz)r = zszv LZNrr ;} N6r6r

Set the left side of the equations equal to Il,—-—I6,

then the matrix equation becomes

(X;-m) 0 0 0 0 0 A I,
0 (Y{,-m) 0 ] 0 Y, B I,
f o 0 1 0 0 0 c I,
0o . o0 0 1 0 0 D I,
0 0 0 0 1 0 E I
0 N:./1 0 0 0 (N.-I,) F Ig

where u =A,v =B, r =F ,
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Also set the right side of the equations equal to I1

o
o
L=
L=
(=]
o
<
e

4
N
[
=1
=X
<
(=]
[=]
[ =]
c
12
o ¢ Y

4 -t
- w

o o
o o
o o
o (=]
(=] (=)
o o
| w3 Qe

w
o
o
o
o
(=]
o
t e

Lo}
(-,
o
-
[ %)
-1
<
o
o
o
3
2]
5 I

A
B
C
All Zero Dj IF4
E
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where u = A, v = B, r =F, and IFl =
= - ..__.u
IF2 YG (34 T

IF3 =0
IF4 = 0

IF5 = 0

[\ 8]

IF6 = ~N, dr

dr

PN‘ [+
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% A, NONLINEAR TERMS NOT INCLUDED
TABLE I
é ’ Hydrodynamic Coefficients &nd Constents ot Ship "D"
S for Linear Terms !Non-dimensional)
g f m = 0,0045
% i Iz = 0.0003
é é Nr = (0.0012

Nxr = -0.0002
Nv = -0.0012
Nv = -C.0001

Xu -0.00036

i

YV = —000025

B = A UV RO P P

Yv = -0.0063
Yr = 0.004

TR T R RN R SEPRGTR VTR S TR G T Y

P BRIy €

X..:. = =0.,0011

Sxdr
Y6r = 0.0019

8s and &b equal zero

In the computer program, set all coefficients in

secticn 1 and set AAA = Xﬁ—m,‘AAB = 0 ---- AFF = Nr-Iz.

After this, use subprogram value to find the determinant

and coefficient of AA, BB --~- and then set BBB = % v,
BFB = uYr -—-=we- BFF = % Nr .
2
IFl = KAlér where KAl = -X,_ . 8r &
IF2 = KB1l8r wherc XB2 = Yoo uz/l
IF3 = KFl8r where KF1l = --N6r u2/22
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Following is the program that used CSMP to determine
the turning circles for rudder angles of 15°(~0.2619 rad.),
257(-0.4365 rad.) and 35°(-0.6111 rad.). Result of this
study is presented in Fig. 3. The turning rate as a func-
tion o% time is interested and the resul.:s of this analysis
are presented in Fig. 4. The ships turning performance
expressed in transfer ship lengths as time is shown in
Fig. 5 and the heading angle as a function of time is
given in Fig. 6, Fig. 7 shows the results of the zig-zag
maneuver, curve shown the yaw angle and rudder angl:2 in
degree as a function of time, for this study the same pro-

gram was used, but set DR in dynamic section:

DR= ~0,06984 (RAMP(0.0) -RAMP(5.0))+0.04C56 (RAMP(40.0) ...
~RAMP (265.0) ~RAMP (345.0)+RAMP (425.0) +RAMP (440.0))

and use prepare statement prepare X, YAWD and prepare X,

DOO (YAWD = YAW* 57,273, DOO = DR* 57.,273).
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E. INCLUDED NONLINEAR TERMS

The computer program 2 is the same as the computer

program 1, but nonlinear terms are added by setting:

NA = NAl + NA2 + NA3 + Na4
2 2
where NAl = -l(xqqq + err + errp)
NA2 = ~{mvy + xvrvr + quwq + mwq)
- 2
NA3 = -(X_  v7)/1
NA4 = -(Alu2 + A2uuc + A3uc2)/l
NB = NBl + NB2 4+ NB3
where NBl = -1Y
pqpq

NB2 = —(prwp + yvlrlv]r|+ mur + mwp)

NB3 = -(Y_ wv + Y]vleV|v)/l
NF = NF1l + NF2 + NF3
where NF1l = ~Npqpq + (Iy-Ix) pq
NF2 = -(prwp + N'vlrlvlr)/l

Again setting terms that include w, p, and g (heave, roll
and pitch) equal to zero, and set number of known texms

from Table II into section 1 of CSMP program (unknown co-

efficients set equal to zero).
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1
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P
- TABLE II

AT T T T AT Dy NET ey AR R

Hydrodynamic Coefficients of Ship "D" for Nonlineavr
Terms (non-dimensional)

A

.
B A TR N S T o 8,

g er = 0.00005
g 3 —3

5 ; er 0.00241
S

3 = -

- va 0.00341

P

lev[= -0.0416
NVlV|= -%.,01002

PROPULSION RATIO 4 n

Rt N T W T T A R
-

n .>_ 0.45 “loo i N < 0.45 n i 1.0
Al -0.,00004 -0.00032 -0,00117

Wl SR SR TR e
e e s

A2 -0.00035 0.00070 -0.00100

o TR S A DA

Fig. 8 - FPig. 12 are the same results as Fig. 3 - Fig. 7.
The results of computer program 2 are more accurate than
the computer program 1, when compared with free running
model test of NSRDC [(Ref. 6]. Fig. 13 and Fig. 14 when
studying the stability of the ship by applying a foxce
moment to the ship in computer program, set

NFl 0.0001*(STEP(10.0)~STEP(10.01})) (can use NF1l be-

VT TP TIRUT A LU R WA S g A RIS VK DY Pl s e A s 1

1 ause NF1 in this program equal zero)

i et

Study direction stability of the ship by plotting

direction of the ship (used advance VS. transfer ship

K A T =

length)and check heading angle of the ship by plotting

YAW VS. TIME.
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IvVv. CONCLUSIONS

The equation of motion of surface ship and computer

program developed here including all of six degrees of

freedom, but th: study in III concerns only three degrees

of freedom (suxge, sway, yaw) because hydrodynamic coeffi~-

cients are not available; when the state of the art

reaches ihe stage in which hydrodynamics coefficients are

available, this computer program can be used in all six

degrees of freedom.

Some results from IXII are not too perfect because the

lack of some constants and coefficients such as the value

of mass (m), initial velocity (ADOTO), command speed (UC),

etc.

But for study can adjust from curve for the model

test [Ref., 6].

This computer program did not include some external

effects such as effects of wave and wind, but these effects

could be included in the program by adding terms to the IF

equation.

The following implementations are suggested for the

future work.

A,
B.

cC.

Study all six degrees of freedom.

Study for the effects of waves ahd wind.

Study for control of the velocity and direction
of the ship (by use of "MACROS', "PROCEDURE” or

subprogram in CSMP) .
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