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Abst ract

V¢ propose in this paper a 3D nethod to com
pute forces and nonents in the rigid connections
between the two parts of an ocean going tug-bar-
ge system

As the relative novenents of the tug and its
barge are snall as conpared to the nmotions in
the waves,this physically conplex problemis re-
duced to the determ nation of the potential of
the flow around the imrersed part of the two bo-
dies together.Boundary conditions are lineari-
zed and calculated at the mean boundary position
of each hull.

The total velocity potential is obtained by
summ ng incident,diffraction and radi ati on vel o-
city potentials.Each sinple problemis resol ved
by a 3D integral method using a distribution of
sources on the bodies;

Wien the notions in wave of the tug and bar-
ge are fixed,we can calculate the forces and no-
ments on the tug (or the barge)and introduce
connections forces and nmorments as unknowns. The
very classic equation which binds these forces
and rel ati vedi spl acements owing to stiffness na-
trix gives us the el enents of novenents between
the two bodi es.

The | ast
the di spl acenment
connection.

step consists in calculating first
and then the forces on each

We have conpared our numerical results to
experimental results of a tug-barge system ob-
tained in David WTaylor Naval Ship Pesearch
and Devel opment Center.

|

. Ceneral problens raised by tug-barges

The use of barges and tug-boats is not a new
i dea. However,the innovation was to place the tup
at the aft.Part of the barpe and to nmore or |ess
connect it to the barge.Such idea enables to ob-
tain an inmproved efficiency of the tug-barge as-
sembly with respect to the other traditional
towing solution using roges or cables.The two
mei n advantages to be obtained by th« tuR-barge
systemare a decrease of the resistance in opera
tion.a better running stability and manoeuvrabi-
lity. The two advantages have direct financial
incidents on exploitation : energy costs reduced
barge rotation speed increased.
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The di fferences between the various tug-barge
systens depend on the mechanical particulars of
the connection between the conponents of the as-
senbly :
the flexible systemwhere the tup keeps all
or part of its free notions with respect to the
bar ge.
the rigid systemwhere the tug is enbedded
in a slot,the shape of which is adapted to the
aft part of the barge.

The two systens present the sane advant ages
and di sadvantages as regards the agitation of
the water in which the assenbly is working :

- calmwater (rivers,snmall |akes), sinple
pushi ng
-"shel tered" water (lakes,coastal waters)

flexible systemwhere certain notions (lateral)
are bl ocked, (soft Iines)

agitated waters (oceans, seas, w de
tesrated system

| akesKn-

The nmain problens net with are in connection
with :

- manoeuvring problems (for exanple: di senpa-
geraent of a tup, "soft lines" to pass in sinple
t owi ng)

- probl ems of structures : stresses due to
swell on the connection systemand on the struc-
tures of the barge and the tug.

latter
studies carried out

probl em constitu-
at

The solution to this
tes the obiect of present
ACP.

In this paper we deal in particular with the
rigid connection systens,in which the tug-barge
assenbly forms a conical systemw th respect to
the forces due to swell.

The connection technique we wich to modelize
is that Patented by ACB.

"This technique uses,for the connections bet-
ween the tug and the barge, an assenbly of hydrau
lically inflated rubber cushions connected to ac
cunmul ators. enabling to absorb the pressure and
contact surface variations during working
operations.

The movenents regarding this type of connec-
tion are of about a fewmllimetres.
Furthermore, the cushions have four advanta-

ges :



- avery easy fitting of the tug in the bar- -
ge notch, as they can be deflated (resulting in
the reduction of the manufacturing allowances)

- a quick setting (sinple inflation and adjus
tment by hydraulic circuits)

- apossibility of adjustnment of pressure,
therefore of the forces and surface contacts.

- a possibility or danping or regul ation by
hydraul i ¢ accurul at ors.

Thanks to the aforesaid,it becones easy to
obtain sea trial results,as the only thing to do
is to record the pressures in each cushion.

The cushions have a parall el epi pedi c shape
(1000x1000x120nmand a rigid tug-barge connec-
tion is conprised of about thirty cushions plus
on longitudinal link (for exanple under the form
or an articulated bar which will be prestressed
by pressurization of the cushions).

The object of our study is therefore to cal cu
late,in particular,the efforts applied on each
cushion when the assenbly in running in swell.
So, it was suitable to use a hydrodynam cal
theory taking into account the running speed
pf the assenbly in swell.

Besi des, the dinensions of the barges used
(lowL/B ratio) as well the necessity to cal cu-
late the hydrodynamc efforts on the tug |oca-
ted at the aft part of the assenbly formng
one and only ship,bind us to use a three-di nmen-
sional hydrodynam c nodel (the end effects not
being represented in the -strip theory
in spite of certain attenps of corrections)

Theref ore, we present hereunder a cal cul ation
program DYNAPLOUS 81, devel oped by the ENSM using
a traditional nethod to sol ve the probl em of
di ffraction-radi ati on with runni ng speed.

The programdoes not cal cul ate the resistan-
ce to operation whichwll be taken into account
only under the formof a constant torque aoplied
by the tug propelling systemon the connecti on.

Il. Ceneral assunptions regarding the nodel and
limts

The assunptions concern the nechanic and t he
hydr odynami c.

The mechani cal basis of the DYNAPLOUS 81
programis that of the linear theory.The tug-
barge assenbly is regarded as a rigid package.
The conbi ned novenents are very inportant with
respect to the relative displacenents.

The rigidity matrix of the connection is the-
refore assuned as practically infinite in a
first step. This permts to solve the hydrodyna-
m cal problem for a single body.

The therefore try to find out the effects
due to a sinusoidal swell,said of low anplitude,
single float.

The program cal cul ates the forced reply of
the same frequence as that of excitation. The
novenments are also assumed of low anplitude and
what we only do is to set up the conditions at
Che Iimts on the frame said as "nmediunt which

is the frame corresponding to the ship at rest
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(hydrostatic equilibrium).W therefore obtain
the linear equations of the novenents.

Thereby;it is useless to try to find sone-
thing else than a linear representation of the
connecti on.

By the way,we shall note the inportance of
the assunption of linearity on the hydrostatic

matrix.

Each bearing point (o cushion) of the con-
nection, assuned as punctual, is nodelized by
a linearized displacenment stiffness nmatrix gi-
ven in a local frame.

No danping termrelating to the connection
is taken into account. This point coul d .nake
the object of further studies.

In the rigid connections, the relative tug-
barge displacenents being very weak due to its
design, the problens relative to the friction
on the bearing nay be di sregarded.

W therefore see that the assunptions nade
on the connection do not restrict the use of
the programto only the cal culations of the for~
ces on hydraulic cushions. It is even possible
to thus take into account the local stiffness
of the structure but which also need to be Ii-
neari zed.

I'l'l. Hydrodynam c probl em

I'll.1. Notations and hypot heses

Let S be the surface of the hull (tug and
barge together) and # its external normal vec-
tor.

SL is the free surface, Cis the waterline
and Dis the whole fluid donain.

(0,x,y,z) is a noving systemof axis binded
to the mean position of the two bodi es which
translates with the uniformvelocity U iy in
a fixed frame. Gscillations are defined by the
velocity Vv (t) and-the angul ar velocity vec-
tor & (t).

Inci dent wave is characterized by its inci-
dence 8, its pulsationa and its anplitude a.

We shal | assune the follow ng hypotesises

(i) The fluid is alnost perfect*', i sovol une and
its flowis irrotationnal ;

(ii)The incident wave has a snall degree of

st eepness ;

(iii)The notions of the two bodies are small
around their mean position.

x
The general equation of the almost perfect

fluid is =~ grad » = F-%v = 2 ¢

where ¢ in a very small positive time conmtant.



I11.2. Boundary probl em

These hypot hesi ses inply the existence of
a velocity potential function ¢ (Mt) inD In
the noving frane, the absolute potential is the

solution of the follow ng boundary problem (to
collate 4)
AB(M;t)=0 ¥ MED (n
32 e(M3t) - 2082 e(M;t) + UZ 32 o(M;p)
Erza 3tox ax
+ 2e3  ®(M;t) - 2Ued  o(M;t) + g3 ¢(M;t) =0
at 9x 3z
¥ M€ SL (2)
lim ¢(M;t) = 0 ¥ M8 D (3
Z-=—<0
3_eie) = [T+ V() + 8(0) 0] ZvMeD (4)
in
lim [p46) - ¢ 050]=0 ¥ M €D (5)
| oM =

' ¢I(H;t) = = EUE e ks2 cos [ke(x cosB + y's’inﬂ)—cﬁ]
(6)
(7)

¥MED
2

w =g =-Uko,cosf with ke, =

Let ¢ (M;t) be the velocity potential function
defined by

o, (M;e) = e(M5t) - ¢ (Mje) (8)
% (Mt) nust satisfyequations (1), (2),(3) and
(5, and the equation (9 can be substitued to

(4
3 8, (M3e) = U8 - 2 o (M; ) +[u(:)+n(:) OH]
Bn an

The different parts of the right-hand side
characterize respectively :

(i) Neumann kel vin problem thesolution % (Mt)
of which is not dependent on the time in the re
lative frame. Tus induces constant |oads on the
hul I, the nean position of which is changed but
this problemcan be traited separately,

(ii) Diffraction problem the solution of which
is fMt). (Mt) and tMt) excite the ships
with a sinusoidale load or encounter pulsation w
Thus, the bodies performsinusoidal oscillations
of pul sation around their mean position,

(iii) Radiation problemin the six nodes. Solu-
tions » . (Mt) of these are linear functions of
twel ve constants (six anplitudes and six phases)
V& can solve the radiation problenms for only six
movenments wit hout phases, and we can deduce from
same the results for a phase of 7T/2.

Therefore, we now only have to solve seven
si npl e boundary probl ems one for the diffrac-
tion and six for the radiation (one in each no-
de).
the notions

111 .3.Determi nation of

After having conputed ODth) and

Vi

+5-3

is

& r(Mt)€l,6] we can conput e the pressure on
the hull with lagrange linearized formula. Thus
we obtain hydrodynamc coefficients and forces.

The Newton equation gives us a linear sys-
temof twelve equations whereas the notions of
the two bodies together are the twel ve unknowns.

IIl.4.Integral equation for the distribution of
sour ces

The application of the third Geen form-
la and the introduction of the Green function
QAMM;t), give us an integral formulation of
the potential function.

If we consider the particular case where the
pot ential is continued and the nornal velocity

% (Mt) only is discontinued on the boundary,
? fus we obtain the fol I owi ng expressi ons.

H [o* M6 M) -o"* ()6 e, ")) as ')
S

I_

+

m
Jc COTRCRDEC R COT-aa CRID) NS T4
)
- %?J] [u*’(n')c’(n,u')+c’(n'}c**(n,u')]ds(M')
S

bld

- f%é.[gf*‘(n')cxcu,n')+c’(n')c*’(n,u')]iil-IX)dy‘

=& (M)
formulae inwhiche (Mt) is the di scontlnwty of
t he nor nal veIocntywth

a(M;t) = o (M) coswt + cﬂ(H) sinwt (12)

$(M;t) = #x(N) coswt + @”(H) sinwt (13)

GMM';t) = GX(M,M') coswt + CXX(M,M') sinwc(14)
Witing the normal velocity in each point of
the hull, we obtain an integral equation where

the unknovm is thediscontinuity o (Mt)

Thus the superficial distribution of singu-
larities, kinematically equivalent to the hull,
o (Mt). This distributionof sources sati s-

fies the following integral equations.

- %J:L[; (M')3 6X MM =0T (M) 6™ (M, M")] ds(M')

in in

i I:*(H')J XM M ) =0 FF (M) 2 Cx‘fH,H'}ﬁ'.aJdv'
T A | 3
BIC In n
| WX :
s oM - {; (M) (15)

-i—ﬂ[ M3 GXM,M D) ea (M T (M,M)] dS (M%)
in

in
u? x
- — L {H)'il"{"!"!)m m)-r, *oaufat. D dy !

1 x 1
o i I € (16)

in



The right-hand sides of these equations are given
by the follow ng formulae

3 (M) -—3@(!‘{). 3 (M) = -3 ¢§!(H)(1?)

Wn Fn an a0
3 e%.n =VE.R 5 3 epi(n = VELA (18)
an J J an ] ]

The integral equations will now be solved

with a nethod of discretization. Let the hull be
discretized with N panels. W shall assune that
on each panel the density of singularity is cons-
tant. Thus we have a linear_systemof 2N equa-
tions with 2N unknowns (N o and N o**)

111.5.Geen function

The G een function of the diffraction-radia-
tion whit forward speed is given by the foll ow ng
integral expression (to collate 4 and 13)

G(M,M';t) [_|___'T W] coswt (19)

T .
L R D B(ZAZIHD) o ap
s | (B-FKcos8) 2—K-21% (3-FKcos®)

T it g/:é ROZZ'#R) o
e-}onl € il (0+FKcos8 ) =K+21Z (u+FKcosd)
-]

expressi on in which

- - X . e
X 1 Y [T 1
“ 1 1 . F o= U
* g ’ ¥el
and 0 = (X=X')cos® + (Y—‘f )singé

N is the point symetrical to M in relation to
the free surface.

This Green function satisfy the equatiohs (1)
(except in M), (2, (3 and (5

I'V. EQUATIONS CF THE MECHANI CS

I'V. 1. Conbi ned novenents

The novenents of the tug and barge assenbly
are very wide with respect to the relative dis-
pl acements. The regidity matrix of the connec-
tion is assuned as infinite for the resolution
of the equations of the nmovenent- Therefore

n. = n_ w Beon_ (20)
T B £ T* B
pr . Tub displacement vector
3
ps* Barge displacement vector

E + Relative displacement vector

The equation of the mechanics at 6 degrees
of freedomis written for the assenbly. All the
torques are reduced to A sane point 0 (Whatever
a priori)

b“"‘.ﬂ\] T+8 ne Bh T+R ne ™ T+HR T2 ly].F[)]Tiﬂ

VI1-5-4

The nmatricial systemrepresents 12 equations
with 12 unknown quantities (6 anplitudes and 6
phases)

yeeeMp Vector of the combined move-
ments

n=: n

xx .
l"li= n. coswt + \1 sinwt

1
*
i
x % 3.
The N and n; are the unknown quantities
inert nass matrix

added water nass matrix

TA Danping terns matrix

TH Hydrostatic matrix

;Z

F. colum vector of the Froude-Krilov excita-
tion forces

FB colum vector of the diffraction excitation
forces

The resolution of the equations (21) enable to
fix vector n after having solved the hydrodyna-
m cal probl ens.

1V.2.Cal culation of the connection efforts tor-
que

Need only be to fix the connection torque
between the barge and its tug, wite down the
equation of the mechanics for one of the two
floats.

For the tug, we thus have

o] | He TA [ A+ TH n-[FI+FD]T= Fog (22

FB T Torque of the connection efforts exerted
= by the barge on the tug.

The equation (22) pernits to calculate FE

as we know t he di spl acenent vector n -t

1V.3.Calculation of the rel ative novenents

By virtue of relation (20 we now have a
sinpl e problem of deconposition of a torque on
a el astic bearing system

Four '-keq = (23)
Kﬁ-"q . Equivalent stiffness matrix of the fle-

xi bl e connection of the assenmbly redu-
ced to point O.

The connection is modelized by punctual flexi-
bl e bearings points each one of the n bearings,
an (Fig. 1) is defined by

- 0:\n : position vector in the general frame

- kn: Local displacement stiffness matrix

- P” : Matrix of passage fromthe local frame
of the bearing to the general frane.

Figure |
Bearinp
(cushion)




kxx'kxy kxz lx s, o
K = |k k k P =
n ¥yX ¥y ¥z n ly sy ny
kzx kzy kzz lz 5. n

Fromthese data, it is possible to calculate the
stiffness nmatrix equivalent to point O :

I K £ K B T
n n n n n
KEQ i T
I B K
n o n % Bn i{n Bn
with K. = P k p -I
n n n n
and B, Vectorial product nmatrix of
OA such as : OA E=38 E
n 00, Y n n

It is therefore possible to calculate E relati-
ve displacenent vector, with equation (2.

IV.4. Calculations of the efforts on each bearing

Knowi ng the rel ative displacenent E in the
general frame, it is possible to calculate the
di spl acenments on each bearing, and then the |o-
cal efforts.

T 2

n

P-l
n

W have :

| ocal displacenment vector on bearing n

| ocal
-
Vectors F, and d, have three conponents as we
simul ate only punctual bearings.

&
d
n
&
Fn force vector on bearing n

-+

V. RESULTS AND COVMPAR SON WTH MCDEL TESTS

V. 1.Choice of the tests

Qur
tests is based on the report intented for Mariti
ne Adninistration, US Departnment of Conmerce.
"Experinental research relative to inproving the
hydr odynani ¢ performance of ocean goi ng tub/bar-
ge systens".

This report is conposed of four chapters and
we nainly used Part B "Seaworthiness experinents
by Grant A Rossignol.

In this report,
out on two pushed barge concepts
- first concept rigidly connection
- second concept articul ed connection

In this paper we are only dealing with the
first concept.

The tug and barge together shape a 60.000 T
ship with a block coefficient of G - 0.75. The
nmain characteristics of the pusher, of the barge
and of the tug-barge systemare summed up in ta-
ble I.

In the nodel tests the tug and the barge was
joined together at three points (S 1,2 and 3 in
Fig. 2). The centerline block gage arrangement

Particular Symbol Tug | Barge | T/B
Length P.P LPP (m) | 56,4 = 232
Length waterline | LWL (m) |53.83 - 204 235,9
Beam max. B (m)| 23,5 | 32 32
Draft mean T (m) | 10,67| 10,67 10,67
Displacement A (T£) | 5892 | 55068 | 60960

conpari son between cal cul ati ons and basin

experiments have been carried
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Figure 2 shows the tug-barge system

v

Figure 2
(N 1) provides only vertical restraint. The
ot her connections points are port (N2 and
starbvard (N3) pins which provide total tran-

slatory restraint.

The |ocations of the three connection points

and the accelerations nmeasurenent point are gi-
ven in table 2

The deatiled informations about model, con-
nection, instrumentation are given in the nen-
tionned report of the David W Taylor Naval
Ship Research and Devel opnent center.

The measured variables necessary to our com
parisons are : ,
- Heave of the overall concept LCC; Z (fig 3)
- Pitch of the overall concept ; (fig 4)
- Roll of the overall concept ; (fig 5)
- Vertical acceleration of the tug pilot house;

ZPH



- longitudinal acceleration of the tug pil ot
house ; XPH

- Vertical force between the tug and barge at
the centerline (NI1) ; FRVCL

- Vertical force between the tug and barge at
the starboard pin (N3 ; FZS

- Vertical force between the tug and barge at
the port pin (N2 ; FZP

- Longitudinal force between the tug and barge
at the starboard pin (N3) ; FXS

- longitudinal force between the tug and barge
at the port pin (N2 ; FXP

- Transverse force between the tug and barge at
the starboard pin (N3 ; FYSC

- Transverse force between the tug and barge at
the port pin (N2 ; FYP

From this neasurenents, the follow ng

results was conputed by NSRDC :

- total vertical pin force between the tug and
bar ge FWPN @ FZS + FZP (Fg. 9)

- total longitudinal pin force between the tug
and bar ge FLPN : FXS + FXP (Fig. 10

- total transverse pin force between the tug
and bar ge FTPN : FYS + FYP (Fg. 11)

- Axial norment about the |ongitudinal axis bet-
ween the tug and the barge (Roll norent )

M =d/2 x (RZS- FZP) (Fg 12)
- Axial noment about the verti cal

the tug and barge (Yaw nonent)

W =d2 (PS - FXP) (Fg 13)
Were d is the transverse distance between pin

axi s between

locations (d - 22,42 n)
Connecti on poi nts A cel eration
1 2 3 tug pil ot
(m (m (M house

Xto A P 54.2 26.6 26.6 46. 4

X to CL. 0. +11.2 -11.2 0.

Z to B L. 16. 05 12.6 12.6 25.

The conparisons of the previous results and
the conputer program DYNAPLQUS 81 are only based
on the regul ar wave experinents.

The tug barge system has been tested for a
forward speed of 16 knots (the Froude nunber is
equal to 0.171) at headings of 0, 45, 90, 180
and 225 degrees.

In the conputer program the imersed part of
the pusher has been discretized with 18 panels
on the half hull and the imrersed part of the
barge has been discretized with 44 panels on the
hal f hull. The part of the two hulls between the
bodi es has not been taken into account to conpute
the hydrodynamic coefficients,

The hydrostatic particulars were calculated for
the tug and barge separately and together equally
for the wetted part of the tug.

The three connection joints of the tug/barge are
nodel i sed byelasticif bearing strings in the sane
directions as those of the block gage arrange-

ment* (i.e chapter 4). The stiffness characteris-
tics are not inportant as the whole connectionis
isostatic. The programhas run at the ACB conpu-

ter center on a UN VAC 1100/ 10.
V:2.Mtions of the two bodi es together

VW present here only three novenents (heave
pitch and roll) because the experinental results
was given only for these nodes. Neverthel ess the
conputer programgives the results for all the
six modes in the sane theoretical conditions.

the noverents are nondi mensi o
nal. The anplitude of the heave response is di-
vided by the wave anplitude a, and the anplitu-
des of the pitch and roll responses are divided
by the product of the anplitude and the wave
nunber ko'

The results of

Figure 3 shows the tug-barge heave transfer
function at various headings. This results gives
the proof of a good agreerent between the expe-
rinments and our nurerical nethod for all the an-

gles of incidence. Perhaps the difference between
the results when 8 is equal to 225° and little
A/L_, comes fromnatural frequency response which

is always nore stiff for the nymerical results

than for the experimental results.

Figure A shows the tug-barge pitch transfer
function at various headings. This results show
a fairly good accuracy in our results with expe-
rinmental mesurenents except for the angle of in-
cidence B equal to 45°. The same renark, than
the af oresai d, can be made here because the dif-

ference is localized around the natural frequen
cy.

Figure 5 shows the tug-barge roll transfer
function at various headings. Naturally, the dif

ference between the notions cal cul ated and nesu
red is sensible for tw reasons. Firsthy the non
- linear effects are not negligeable in this ca
se, because the hemichrone roll appears for
equal to (3/2)2 X (where X is the wave-length of
the natural frequency). Secondly the viscous ef
fect are very inportant for this node ; the com
puter programcan take into account danpi ng coef
ficient arising fromthe | ogarithm c decrenent
calcul ated fromnodel tests result. Neverthel ess
we have not use this possibility for the present
cal cul ati ons.

house

V. 3. Accel erations of the tug pil ot

the vertical acce
accel eration of

W present in this chapter
leration and the |ongitudinal
the tug pil ot house.

the accel erations are nondi-
mensional . The anplitude of these accelerations
are divided by the produit of the anplitude of
the wave and the square of the encounter angul ar
frequency.

The results of

Figure 6 shows the tug pil ot house vertical
a eleration transfer functions at various hea-

dings. This results proves a good correlation
between the experinments and the numerical nethod
except for the angle # equal to 45°.that is a

results of the pitch motion
frequency remarks menti oned

consequence of the
and the sane natural
above is valid.

Figure 7 shows the tug pil ot house longitu-
acceleration transfer function at various
This results do not permt to conclude

di nal
headi ngs.
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because the values are very snmall and the preci
sion of the plots is not fairly good.

V. 4. Forces between the tug and bar ge

We present here the forces between the tug
and barge for all the npdes except the trans-
versal nonent.

The results of the forces and nonents are
nondi mensi onal . The anplitude of the forces are
multiplied by the barge lenght and divided by
the product of the weight of the barge and the
wave anplitude. The anplitude of the nonents
are divided by the product of the weight of the
barge and the anplitude of wave.

Fi gure 8 shows the vertical centerline force
transfer function at various headings. The com
pari son between the nunerical results and the
experimental results shows a fairly good rel a-
tionship for this forces.

Figure 9 shows the vertical pin face trans
fer function at various headings. These results
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give the proof of a very good agreement between
the experiments and cal cul ations.

Figure 10 shows the longitudinal pin force
transfer function at various headings. At first
sight, the results seemto be very bad..
Neverthel ess the experinental tests for this
conponent are very difficult because the |ongi-
tudinal force is in the same direction as that
of the forward speed and the problens of speed
stability and added wave resistance are very im
portant in this case as the nodel is self propel
| ed.

Figure 11 shows the transverse pin force
transfer function at various headi ngs the conpa
ri son between the experinents and cal cul ati ons
is very good except for the natural frequency of
rool at 90° of heading. In quartering sea, the
difference between the test and the nurerical
points is probabily due to the steering control .
In fact it is inpossible to take into account,
in the conputer program the directional insta
bility of a real ship running in follow ng seas.

Figure 12 shows |ongitudi nal axial nonent
transfer function at various headi ngs. Conpar ai
son between experinments and cal cul ations is very
good for 90° and 225° of heading. A great diffe
rence appears for a angle of incidence of 45° in
the range of J(LB'_ around 1, as the for the pre-
vious results at same headi ng.

Figure 13 shows vertical axial moment trans-
fer function at various headings. This results
do not pernmit to conclude because the val ues are
very snmall and the precision of the plots is not
fairly good.

M - ANALYSIS CF THE RESULTS

The previous conpari sons between experi men-
tal and nunerical results show a good rel ati on-
ship. The sensible differences occur for |ongi-
tudinal pin force transfer function (fig. 10)
and for the various peak responses throughout
the experinmental results.

W present hereunder sone conmments to ex-
plain these differences
The real tug is fit into the barge afterbody
with a 6 inch gap full scale. But the forebody
shapes of the tug nodel are nade to wedge tigh-
tly into the notch of the barge npdel (see. afo
re mentionned report phase 11 ; part A page 2)

This remark is very inportant for tw rea- -
sons :
- firstly we nust take the correct part of the
hydrostatic force on the tug nodel.
We have nade di fferent calculations with the hy
drostatics of the entire tug or only the after
body wetted surface of the tug.
W have taken into account the problemof the hy
drostatic couplings between two join bodies
Sone differences may occur because we do not
know t he exact configuration of seakeeping
tests.

- Secondly in full scale the laws of the pressu-
re variations in the clearance between tug and
barge are very difficult to modelise but perhaps
these effects are of second order in the
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calculation fo the forces.

An inportant difference between nodel tests

and calculations are the different non-linearity
effects. These are evident for the hydrostatic
in particular for those on the tug only because
its aft |ocation.
The non-linear danmping effects (for exanple due
to viscosity) are not corrected in the program
This explains the difference in peak responses
on roll.

The nodel was self-propelled and steered.
This introcudes inportant differences between
the conditions of the tests and cal cul ati ons.

- firstly we have no taken in account the whole
resistance at the forward speed. That could be
made with a constant torque sinulating the pro-
pul sation forces.

- Secondly we do not cal cul ate the added resis-

tance of ship with forward speed in waves. Stu-

di es about this 3 D problemhave al ready starded
at ENS M
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- Thirdly the variation in immersion (or enmer-
sion ?) of the propeller introduce distorsion ef
fects on the neasured forces.

- Fourthly the directionnal course stability in
self-steered tests present serious difficulties
particularly in follow ng seas (the same probl em
is known in full scale).

These i nstabilities involve supplenentary forces
in roll and yaw

Al'l these reasons explains certain differen-
ces between neasurenents and cal cul ati ons spe-
cially for the longitudinal pin force (see Fig.
10)

An indirect effect of the non-linearities
are perhaps the hemi chrone roil which appear in
certain figures. In particular to our nmind the
peak responses at 45 degrees of headi ng forpitch
(Fig.4, roll (Fig.5). tug pilot house vertical
acceleration (Fig.6), vertical transversal for-
ces and in the noments (Fig.8, 9, 10,11,12, 13)
are due to this previously mentionned effect.

Thi s phenonenon due to the change in
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netacentric height with tine is increased by the
lack of bilge keels on the nodel which involve
a small roll damping. In addition a coupling bet
ween heaving and rolling exist (See. Fig.3 ;
secondary peaks for 0,45 and 90 degrees), this
accentuate the variation in netacentric hei ght
and thus the henichrone roll.

In connection with this phenonenon due to
non-linearly roll responses, tw other effects
contribute probably to the differences between
experinments and cal cul ations at 45° ; of heading

- firstly the induced non-linearity in pitch
(the peak response in Fig.4 is very high)

- secondly the maxi num excitation forces occur
for VLW =1 or Y/ LB=1, 14 and are in the
sane frequency gane than t'ne hem chrone roll.

In spite of these remarks on the whole the
agreenent between theory and experinment is cor-
rect.



M. PCBSI BLE EXTENSI ON CF THE METHOD

The connection hydraulic cushions have in
fact non linear stiffness characteristics.

In this programthe approxi mation is nmade by
linearizing these characteristics around a me—
di um poi nt of operation.

V¢ envisage to solve the nechanical part
thanks to the ised similation program In this
case we shall be in a position to followup the
evolution in course of time of the forces on the
bearings whatever their ty of stiffness charac-
teristics.

The equations of the nechanics as non linear
should be witten down again.

Li ke wi se, the non linear hydrostatic cha-
racteristics that we already possess, have to be
integrated with this program

The resolution of the hydrodynam c probl em
will, unfortunately remain linear till new theo
retical devel opnents are obtai ned.

An other nore sinple extension is the nodeli
zation of flexible bearings at 6 degrees of free
dom

So, this results in a local stiffnees matrix
of 6 x 6, and not any nore of 3 x 3.

In this case, the bearings are not any |on-
ger punctual and it could forthernore be possi-
ble to envisage to take the local frictions in-

to account.

M 1. ANTI O PATED EXTENSI ONS

A second programis envi saged to sol ve the
probl emof the tug-barge for which certainre
lative novenents in relation to the barge have
been rel eased.

In this case, equation (20 is not any nore
true and we must solve both the hydrodynam c
probl em and the coupl ed equations of the twn
body nechanics.

The n body hydrodynanmic with forward run-
ning speed is already solved at ENSM

The n body mechanics on elastic bearing is
witten, remmining in the assunption of Ilineari
ty. This should pernmit to solve the problemof
calculation of the efforts in the case of an
assenmbly of several barges articul ated toge-
ther.

Besi des, in the sane assunptions, we could
solve the problemof traditional towing with
one or several floats.

The problems of the non |inear dynamic cha-
racteristics of the connections should not be
under esti mat ed.

In a first step, it will be possible to haw
recourse to sinmulation nodels such as indicated
in 7.
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In this paper we have not shown any conpari-
son of calcul ations/basin tests in randomwaves.
This will be done later on.

Finally, thanks to the technol ogy of the ACS
Hydraulic cushions, it will be possible ot nmake
cal cul ation/sea trials conparisons providing
that we have, at the sane tine as the neasure-
nents of the efforts, a correct evaluation of
the neteoceani c conditions.

I X GONCLUSI ON

The present conparisons between experi nmen-
tal results and nunerical results shows that
the conputer program DYNAPLOUS 81 pernits to
forgeast, with a good accuracy, the first order
motions of a floating body, the accelerations
at any point and the forces between two parts
of this body.

The qualities of the nunerical results given
by the conputer programare well adapted to stu
dy the forces in each connections point between
the two parts of a rigid ocean-going tug barge
system

The results of nesurenent on real tug-barge
systemnay give us the possibility to make new
conparisons w thout scale effects or problens
bi nded wi th basin tests.

The conputer programis now adapted for an
industrial use and nust allow any devel oprent
of hydrodynanic studies concerning all the sys-
temof rigid floating bodies at sea.
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