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IHE _DISTRIBULION OF THE HYDRODYNAMIC FORCES ON A

HEAVING AND PYTCHING SHIPMODEL IN STILL WATER.

. *
I_By Je Qozf:;tsmn , and W._ gomlmm ,..
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Farced oscillation teats are carried out with a segmented
.shipmodel to inveamtigate the distridutich of the hydrodynemic fore
4!5 ces along the hull for heaving and pitobing metions.

‘The vaﬁtihal forven on each of the maven esctions of the shipd
moded ure meusupsd as & function of forward speesd and freguency.
By using the 1ﬁ~phala and quadrature components uf these forces,
-an enalyaie is made of their distridution along the length of the
shipmodel. ,

The experizmentsl remults are compared with the pesults of a
‘simple strip theory, taking into account the effect of forward
Bpesd,

- The comparison shows a satisfactory egreement hetween theory
angd experiment. :

®
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1. Introductien.

' namic forces ie oonsidersd and dynamic oross-coeupling terms ars in-

The caloulation of =shipmotions in regular head waves by using
& strip theory, has been discussed in a nwmber of papers. Recent
contributions were given by Kervin-Kreukovaky and Jacobs [_‘l], r.,[z] 4
Watanabe [3] and Rukuda (4]

In these papers the influence of forward speed on the hydrody.

oluded in the squations of motion, which are sssumed to desorikhe
the heaving and pitohing motions.

In ssrdier work(S]it was shown that a relatively emall influend
ce of speed exismts on the damping coefficients, the sdded mass and
the exciting foroces, mt least for the case of head waves and fer
spesds whieh are of practical interest. Oa the sther hand, forward
spesd has an important effeat on some of the dynamic oress-coupling
voefficients. Although, at a first glance these terms could he re«
gird-d as sesond order quantities, it was pointed out by Korvim-
Kroukevaky {1]and alsc by Fay[2)that they can be very impertunt for
the amplitudes and pheses of the motions. This has been confirmed
in[S]where the coupling terms are neglected in a omloulatien ef the
heaving and pitching metions. In thia caloulation we used sseffi-
clents of the metion equations, which were detérmined by forcsd os-
¢illation tests. In comparison with the caloulation where the oross
coupling terms are included and alse in comparison with the measurs
motions, an important influence is observed, as shown in Figure 1,
which ie taken from r-r.rcncc[s) Further analysis showed that the
dimcrepsncies between the coupled and uncoupled motions wers mainly
Gue to the damping coross-coupling terms.

The influence of forward spesd has been discussed to some sx~
tent in Vossers's thusia[ﬁ] From a first order slender body theery
1t was found that the distributien of the hydrodynamic forses aleng
an oscillating slender bedy 48 not influenced by forward spesd,
Vessers aoneluded that the inclusion ef spesd dependent damping
croms~goupling terms is not in agreement with the use of a stiip
theory. In visw of the above mentioned results auch & -1nplificn-
tion does not hold for actusl ahipforms,.




2.

ﬂ!ﬂ o

For aysmetrical shipforms at forward mpeed, it was ahown by
Timman and Newman[7]that the damping oress-coupling coefficients
for heave and pitoh are equal in maguitude, but opposite in miga.
Their oconclusion is valid for thin or slender submerged or surface
ships and also for non slender bodies.

Golovato’s work(8)and some of our experiments[5]on aseillating
shipmodels confirmed this fact for actual surface ships to a osrtaia
extent. " |

The effects of forward apeed are indeed very important for the
enloulation of shipmotions in waves. The twe-dimensional sclutions
for dsmping and added mass of vecillating c¢ylinders on a fres sur=
face, as given by Orim [9]and Tasai (10]show & very smatisfactory mgres-
ment with experimental results. When the effests of forward speed
can be estimated with sufficient aceourasy, such two-dimensional
valuse may be used to caloulate the total hydrodynamic forces and
momente on & ship, provided that integration over the shiplength im
permissible,

In order to study the mpesd sffect on an csoillating shipfers
in more detail, a series of forced omaoillating experiments was da-
signed. The main cbject of these experiments was to find the distrie-
bution of the hydrodynamic forces along the length of the ship as a
funetion of forward speed and frequenocy of oscillation.

Ibhe experiments.

The osoillmtion tests were carried out with a 2.3 mater model
of the Bixty Series, having a blookcoefficient 03 = , 70 . The main
@imensions are given in Takle 1. The model is made of polysater, re-
inforced with fibreglasa, and conaists of seven separate sectioms
of equal lengthy Each of the sections has two end-bulkhends. The
width of the gap between two secticna is cne millimeter. The asa=
tions are not connected to emch othexr, but they ars kept in their
position by means of atif? strain-gauge dynamometers, which are cone
nected to m longitudinal steel box girder above the model.
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Table 1.

¥aip partiouisrs of the shipmodel.

Length between perpendiculars 2.298 m
Length on the waterline 2.296 u
Breadth S 0.322 m
Draught 0.129 =
Yolure of displacement 0.0657m>
Blookoeefficlent 0.7C0
Cosfficient of mid length seotion - 0.986
Prismatio coefficient 0.710
Waterplane area O.S?Z*l?
Waterplane coeffiolent 0.78%
Longitudinal moment of inertia of waterplane 0.1685-“
L.C.B. forward of L /2 ” 0.071 m
Centrs of effort of waterplane after Lpp/E 0.038 a
Froude number of service speed 0.20

The dynamometers are sensitive only for foroes porpondiohlnr
to the baseline of the model.

By means of a Bcotoh~Yoke meschanism a harmenic heaving or pit
ching motion can be given to the combinatien of the seven seations
which form the shipmedel. The total foraes on each section ceuld
be measured as a funotion of frequency and spesd.

A nen ssgmented model of the same form was also tested in the
same conditions of frequency and spesd to compare the forces en
the whole model with the susms of the seatien results. A posaidls
sffect of the gaps between the seotions could be deteoted in this
way. The arrangement of the tests with the segmented model and
with the whole medel is given in Figure 2.

The meshaniosl oscillater and the measuring system is shewn
in Figure 3, In principle the measuring system is similar te the
one desecribed by aoed-.n[11]: the measured foroe signal is multi-
Plied by sosut and sinwt and after integratien the first harmenics

|
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tortion due to vibration nolse. In some details the slectronic cire

which 1s importent for the determination of the quadraturs compe-

QSQ

of the in-phase and quadrature components oan be found without dis.

cuit differs aomewhat from the dsacriytien in EHJ. In partioular

syrnchro resclvers ars used instead of sine-~coasine potantiomsters,

héganuse they allew higher rotational speeds. i
The accuracy of the instrumentation proved to he satifactory

nents, which are amall in comparison with the ine~phaese componenta
of the measured forces.

Throughout the experiments only first hermonics wers dotnuimd#
It should be noted that non=linear effects may be important:for the
seotions at the bow and the stern where the ship is not wallesided,
The forcsd cacillation tests were carried out for frequencies up to
@ = 14 rad/eec. and four speeds of advance wers csnmidersd, namely!
Fo, o .15, .20, 25 and .30. Belew & frequenoy of W= 3 to % rad/sec,
the axperimental results are influenced by wall sffect dno to re-
flected waves generated by the osoillating model.

The mption amplitudes of the shipmodel covered o sufficiently
lergs range to study the linearity of the measured values (hesve A/
4 oam, pitch A 4.6 degrees). An szample of the measurad forces op
ssotion 2, when the gombination of the seven sections performs a
pitehing motion, 4m given in Figure &,
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Heave: (a+ pV)§°+bl°+ o3, = - F_ain (Wt +a) }

_ tal values show very little variation with epeed) they were used

N
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Pr_uuntation of the resulis,

It is sssumed that the force F and the moment M acting on @
forced heaving or pitching shipmodel oan be desoridbed by the folle
wing equations:

L

: (1)
nhm ot O = « M ain (0t + @)

Pitoh: (A +Kk° ,,v)hnc + 00 m nems (ot +3) } @

ab+ ab + g0 =-F 0in (0t +§)

For a given honﬁn;mnom s=0, sinwty it follows that!
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Similar exprsssions are valid for the pitohing motion.
The determination of the damping coefficients b and B and the dan-
ping orou-ouupling ¢osfficdents e and E 1s atraightforward: for
a given frequency thess coesffiolents are proportional to the qua=

~ drature components of the forces or moments for unit amplitude of

motion. For the determination of the added wasm, the added msas
wonent of inertia,a and A,and the added mass cross-coupling coef-
ficients 4 and D ;‘t is necemsary to know the restoring foroe and
moment coefficients ¢ and C, and the atatical orossecoupling coef-
::ldiantn°z and G. 4

The statical coefficients can be determined by experimesnts
6 a function of speed at sero frequency. For heave the experimen<

, 7~
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in the analysis of the test results.

In the case of pitohing there ism a conaiderable speed effeot on
the voitoring -olon£ coefficient C. C deoreases approximately 12%
when the speed ingreases from Fm = .15 to .30. This redustien is due
to a hydrodysamio 1lift on the hull when the shipwedel 4{s towed with
& constant pitoh angle. Obvieusly this lift effect also depends on
the frequency of the motion. Consegquently, the coefficient of the
reatoring moment, as determined by an expesriment at xero frequenoy,
may differ from the value at a given frequency.

As it is not possidle to measure the restoring moment and the
statioal orocl-oogpling as a functien of Irequency, it was decided
to use the caloulated values at sero apeed. This is an arbitrary
cheise, whioh affects the coefficients of the moceleration Serms!
for harmonio meticns a deorease of C by AC results in an imcrease
of A b:é: when C is used in the aaloulatien.

The reasults for the whole model are given in the Figures % and
6. The results for the heaving motion were already publiuhod‘in[js]l
they are presented here for completansas.

A




3.20 Eggulta !Ol‘ the eogtionl.

The components of the fordes on each or‘tho seven sections
were determined in the same way as for the whole model. As only
. the forces and no moments on the sections were measured two aqua-
tions remasn for each section: ﬂ
. ‘ ® ®; [ ] L ]
. Remvet (s +§aV s°+b iboc 'o“ F2 ain (wc:.oc ) )

Pitohi (diog:V'xi)m ebe gon -Fiein (Wt + d*)

whers PV, 18 the xass-moment of the asction i with respect to
the pitching axis. The ster (®) indicates the coefficients of the
seotions. The seotion coefficients divided by the length of the
sections give the mean oroms-section coefficients, thus:

BT 70 -

2 " . _
and 80 on, Assuming that the dimtridutions of the aress-sectienal
values of the cesfficients: a*, b’ ctuit-ra. are continusus curves,
thess distributiens Jan be determined from the saven mean crosse
ssotion values. In the Figures 7, 8, 9 and 10 the distributions
of the added pass a, the damping cootti;&ont‘b and the croasesoupe
ling coefficlents 4 und e are given as a function of speed and fre-
quenoy. Numerical values of the section rasults, 8%, b* etostera,
are summarized in the Tables 2, 3, & and 5.

In Pigure 8 it 15 shown that the distribution of the dnpiug
cosfficient b ﬂcponda on forward speed and frequency of oseillationd
The damping coeffioient of the forward part of the ehipmodel ine’

" oreases when the epeed is incressing. At the same time a dearesss
of the damping asoeffivient of the attorhédy is noticed. Fer high
frequencie2 negative values for the aroﬁu-sectional damping coeffi~
gients are found. ” . «

The added mass distribution, ae shown in Figure 74 changes
very littls with forward speed but there i1e a shift forward of the
dietribution ourve for incremsing frequencies.

_ Regautive values for the cross-sectional added mass are found

: $or the bowsseotions at low frequencies. For higher froquoncioa

the influence of froquency begomes very small,

Q ‘9.5
o

i S—— . . . . .
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The distributien of the damping orosa=-coupling coeffiocient e
varies with speed and frequency as shown in Pigure 10. From Figure
9 41t can be seen that the added mass cross-ceupling coeffieient
depends very little on epesd. For higher freguencies the influence
of frequency is amall. .

As a oheck on the accuracy of the measurements the sum of the
results for the sesotions were ceampared with the results fer the
whole model. The following relations were analysed!

Za' =g fd'xdx-k
Zv*wn ‘I.'f‘o':ax-n
@ Zaved ;ﬂ'ux-n
Zet ne b'xdx = E, :
L | u

The results are shown ia FPigure 11 for a Froude number Fu = .20.
For tha other speeds a similar result was found, A numerical cempa-

rison is givea in the Tables 2, 3, 4 and 5. It may be cencluded that

the sectien resulte sre in agreement with the values for the whale
model. Ne iufluence of the gaps between the sectioms could be feund.

bo Analysis of the reswlte.

The experimental valuwes for the hydrodynasic forces and moments
‘ on the oscillating shipmodel will now be analysed by using the strip
theory, taking inte account the affeot of forward speed. For a Ao~
tailed desoription of the strip theery the reader is referred to [1),
[2] and [3] + For cenvenience a short description of the strip theery
¢ im given here. The theoretical eatimation of the hydrodynamic forces
OR a orosa-ssctioa of wnit length is af particular interest with re-
gard to the measured distridutions of the varicus ccefficients
along the leagth of the shipmodel, |

- 10 =
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b1 ftrip theery-

A right hand goordinate -ﬁtn X745 is fixed 1;: spacs. The

l‘-.r.u is veriisally wwards, the R=axis is &{n the direesien of the

forward spoeed of the vesssl and the origin lies in the undisturded
water surface. A second right 2and aystem of axim xy s is fived te
the ship. The arigin is ia the sentre of gravisy. In 'the mean pesie
tien of the akip the bedy axis have the sane directions as the
fized axis. o

Censider firet a ship performing s pure harmomic heaviag we-
tion of small amplitude ia still water. The ship is piereing s $hin

ahset af walter, normal to the forward spesd of the ship, at « fixed

distance x o from the origin,

At the ¥me t a strip of the ship at a distance x froa the
sentre of gravity is eituated in the aheet of water. Froa x o =Vtex
1% follows that & = - ¥, where: ¥V ia the spead of the ship.

The veriical velosity of the atrip with regard so the water is
i.. the hoaring velseity. The csoillatory part of the hydreseshanie

- oal ferce on the atrip of uait leagth will de!

P .- 4 ') - 20878,

wherat m' s the added mass and X' is the danping cosfficient fer
a strip of uni¢ length and y ia the half widih of the atrip at the
waterline., Beoause:

£ % Uy

it fellows that:

‘. o ' ’ ©
Fy=- ' l‘ ¢ A t—) i‘- 2087, (%)
For the whole ship we fiad, biuuu I./ %.- héio:
RSO LR TR TR (%)

o

where A, 1s the waterplane area.

-1
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The moment produced Q‘a‘y the force on the strip is given dys
“ ] ] ' t ) ’
Ny=-xFye (ll.');.t (%'x - V:%)l. +20gxy s,
f 0
Because J/ 2 * dxs-m, we find for the whole ship:
L

' . | ]
Kln(Lll nx)s.i- (L' xdx e V‘”.”’f"w'o

whera 8 is the statical moment of the waterplane area.

For a pitohing ship the vertical speed of the strip at x with

regard to the water will bes -x‘ + VO, and the moceleration is!
-x8 + 2V3. The vertical force on the strip will be:
L} ] - 4
r,---& ' (-xd+¥0) ~N'(-nb+ V0)20g7x0,
ort

,;-l.!‘ W'z 2va’ -xV %‘)6¢(!fgyx+v2 %:-N'V)O

The total hydromechanical foras on the pitehiag ship will de!

F o(/a'xdn)de( u'xax-v-)h(f;sw- vﬂ'u)o
Y , L : 1

_The moment produced by the forse on the strip is given byt

' ¢ 0 2 ' 2 ' 2, fn'
HP--::IP--- 8- (Bx"2Va'x~x V%)é-

]
- (ngyzza-vzx %—-n' Yx)o
The total moment on the pitohing -hip will bet

H’n-( o' X ax)¥(/n' 22 u)ﬁ-(f'g Iw-Vzl.V/l'xdt e,
L L L

because!
' .
/xa V%&a-»H/l‘ x dx.,
L L

A summary of the sxpressions for the various coefficienta for the
whele ship mocording to the notation in equations (1) and (2) s

-given in Tabdle 6.

(1)

(7

(8

(9)

(1)

{12)

-12*
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Table 6.
Coe? t : ] 8 1) ¢ .
a = Jfl'dl d = jra'::dx + !g
L L W
h-/;'dz o-/N'xdx-Vl
L L
°"f¢‘w B'Ftaw

/’ _ f (13)
a n3n+§ m' xdx
B-/.lxdx E-/Nxdx-er

c'f‘],:w G'Pﬁsw

Yor the oross-sectional values of the coefficients similar ex-’

pressiens can de derived from the equations (5) to (12). For the
comparison with the sxperimental results two of these expressions
ars given here, namely:

b'nﬂ'-V%'-

. (1h4)
o -‘N"x- 2va' - xv%
Also it followa that!
A= /d' x dx
and: ' - (15)
a 'fl' xdx .
.13 -
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%3, Compardson of theory mnd experiment.

For a number of cases the expsrimental resulte are conpared
with theory. Piret of all the damping cross-coupling coefficients
are cohaléered. From squations {13) 4t follows thet:

E -;/rN'i:dt +Va |
J[ (16)
o JN x8x ~ V. )

The first term in both expreasions ia the crosa-coupling cosfficient
for zero forward speed, For a for and aft symhetricel ahip this
torm 15 aqual to zerp. For such a ship the robulting expresaions
are egual in sagnitude hut have oppomits sign, which ds in agree-
aent with the result found by Timman and chnnn[7]. The experinents
confirm this fact as shown Ln Figure 13 whers e and E are plotied
oh & base of formard mpesd as & funotion of the frequency of owoile
lation. The magnitude of the speed dependent parts of the cesffi-
cients is squal within very close limita. Extrapolation to sero
spsed shows that tlie e and E lines interseot in one point which
should represent the msro spesd oroesssoupling cosfficient.

Uuiug Grim's two-dimensional splution for damping and udded
Kaon at zero npood[é]tho cosfficionts o and E were also oaloulated
!ccarding to the equations (16). The distribution of sdded mass and

" damping cosffioient for zerc speed is given in Figure 12 and the

caloulated damping oroou-coupliag coefficiente are shown in Pigure

‘43,

The caloulated values are in line with the experimental resul
The natural frequencies for pitoh and heave are roapaotivomycu=79£g
rad/ses and in thie important region the dsloulation af the damping
crosme-coupling coéfficients im quite aatisfuctory. The ssro mpesd
case will be mtudied in the near futurs by cacillating experinmetite
in w wide basin to avoid wall infiuence.

~ Another comparison 6f theory and txﬁnbiment conoerns the dime
tribution along the length of the shipmodel of the damping coeffi-
¢lent and of the dumping cpoms-coupling coefficient a.

)
°
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JARLE 2.
Added naas for the segtions snd the whele model.
2
kg seo /p.
g! = .:12;
w : N a
lrad/ 1 ] 3 Y L ] & ? sum sf |whole
sea sections| modeld
b -1,21 |0,59 - 0,54 0,87 0,41 |=0,17 - 1,84
6 |0,y |0,66 1,08 1,38 (1,26 [0,65 | 0,02 | 5,36 |[5,37
8 | 0,26 [0,60 1,09 1437 1,28 0,76 0,10 5,44 |[%,26
10 | 0,20 |0,69 1,29 | 1,48 [1,3% |0,85 | 0,9 | 5,99 |5.91
12 0,13 0'78 1,‘.0 1’60 ) 1'“5 0,90 0'17 6.“8 6'3, l
l‘ bl “ga
h (0,59 (0,83 1,29 (1,5 [1,13 |o0,22 |(-0,27 | 5,40 |8,63
6 | 0,32 |0,68 1,00 1,40 1,23 0,64 0 5.2% [B,19
B | 0,21 |0,%5 1,08 1,38 1,24 0,75 0,12 5,30 |5,18
10 | 0,19 |[0,6% 1,23 1,49 1433 0,83 0,1k 5,86 |s,78
12 | 0,20 0,77 1,37 1,60 | 1,k3 0,88 0,17 6,44 [6,32
!‘ bl ‘ut
‘h’ 0,36 1'09 1,26 1’66 1’20 0516 ‘0,32 5'91 “.’,
6 |0,3% |0,6% 1,01 | 1,38 [1,19 | 0,38 [.0,02 | 5,09 |&,89
8§ (0,20 (0,54 1,03 1,39 1,26 0,68 | 0,08 | 5,18 [5,13
¢ | 0,18 |o0,62 1419 | 1,48 | 1,34 0,77 | 0,12 | 5,70 |5,6%
12 10,20 |0,7 1,37 1,60 1,45 0,83 0,16 | 6,37 |6,
II - ‘19'
4 0.?0 0,9 1 1“9 1 '” 1 07 ‘ot1° ‘-0,22 ,ai, 5 Q,’
8 |0, |O,k2 1,0 1,45 1:” 0,58 0,13 b,96 4,93
10 | 0,15 |[0,%5 1,26 | 1,47° (1,22 [0,68 | 0,7 | 5,5 |58
’ , .16 =
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6
8
L ) 10
12
10
12
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TABLE 3,
Damping cosfficients for the mectisns and the whole sodel,
kg coc[g.
r‘ m .120
w »* L
ad/ sum of | whole
Bec 1 2 3 4 5 6 7 |sectiona | model
2,03 9,78 - 5,78 3,80 4,80 2,00 - 35,63
1,82 b, 42 4,55 b,58 ho52 | 4,78 1,67 26,34 26,53|
1,61 | 2,31 2426 | 2,75 | 3,35 | 3,9% | 1,53| 17,75 | 17,49
1,36 1,08 0,76 1939 | 2,36 - | 3,43 1,49 11,87 | 11,63
0,95 0,k47 04l 0,87 1,89 3,09 1,50 9,21 8,54
Fn L 020. I
4 11,53 4,53 5,08 5,05 5473 6,63 2,50 31,05 | 31,33
6 1,95 | 3,95 | %32 | W45 | 452 | 5,07 | 2,07| 26,33 |26,15
8 |1,50 1,91 2,25 2,81 | 3,49 4,38 | 1,94 18,28 |417,78
1,10 0,37 0,62 1,54 2,70 L,01 1,90 | 12,24 | 12,14
0,74 |[«0,15 | 0,27 | 1,01 | 2,18 | 3,84 | 1,93 9,76 | 9,03
h vﬂ .220
2113 "’080 5:38 5020 5'98 7!63 2'85 33’97 35'88
1,97 3,43 ho17 | 4,23 4,62 5,68 2,35 26,45 | 27,63
1,48 1,58 [ 2,28 | 2,83 3,68 | 5,21 2,19 19,25 | 18,75
0,95 |~0,06 0,60 1,68 5,00 4,96 2,20 13,33 | 12,69
0,52 |[=0,56 |-0,03 1,03 2,63 L,7% 2429 10,62 | 9,78
Fn = 0200
L 11,78 &, 40 u.go 5,15 | 6,78 7,60 2,98 33,09 | 38,10
6 1,79 2,77 | 3,50 | 4,10 | 5,18 6,32 2,55 26,17 | 28,45
10 |0,64 |-D,87 0,17 1,88 4,07 5,42 2,59 13,90 | 13,95
12 |0,42 |-0,56 -0.65’0 1,37 | 3,72 5,28 2,66 | 11,26 | 10,42
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° 'PABLE 4.,
Added pass oross-coupling coeffiojenta for
the sections the w del,
5"" llga, Y
!! = 3120
W | a°* d
rad/ | 1 2 3 - 7 sum of | whole |
sec seotions| sodel
- - - T . *0'59 . '.'0’28 b - . -
=0, 42 |=0,47 #0353 [40,02 | 40,46 | +0,57 |+0,13 | -0,04 (0,09
=0,27 [=0444" |-0,40 [«0,01 | 40,38 | +0,50 |+0,13 | 0,11 0,16
“0,19 [=0,43 | -0,40 [<0,01 | +0,37 |+0,49 |+0,15 | -0,02 0,10
=0519.|=0,45 | -0,40 [-0,01 | +D,40 | 40,51 |+0,15 | 40,01 [+0,04
4 el 20-
-0057 "006? : - - e *0'78 4’0./32 o -
.9,39 "0,521 -0.3“ +0.0’ +O,46 0'0’59 *0.13 00’06 -0'06
0,20 |=0,45 “04H0 [e0,01 | 40,39 |+0,51 | 40,11 | «0,09 |«0,1%
0,20 |[=0,45 «0,40 |-0,01 | ¢0,38 | +0,51 |+0,13 | -0,04 |-0,08
() an "O""? ‘ -0""1’ | =0 '01 +0 ,#O .| «0 '53 *°| 1“" «0 .02 =0 003
Fﬂ & 022-
«0s62 | 0,59 | <0501 40,12 | 40,72 | +0,86 | +0,21 | +0,69 [+0,15
“0339‘ ’0950 \ "‘0332 *O,QZ 00"4'6 *0059 ‘9'0’13 00,01 Q.OO
‘0'23 00,43 “OQ% ‘0.01 *0'39 00.52 "‘001“ -Q,07 ‘0'15
=0318 [-0,46 | -0,42 |~0,01 | 40,38 | 40,51 |+0,13 | -0,05 |-0,08
0,20 »0,46 | =0,42 | »0,01 40,40 40,51 | 40,15 [ =0,03 [=0,05
!2 - ‘20.
«0,62 | «0,61 40,13 | +0,08 | +0,64 | +0,93 | +0,20 | +0475 |e1,09
«0429 | 0,47 =0,36 | 40401 | 40,43 | +0,59 |+0,21 | +0,12 |+0,01
{0421 | 0,47 “O,bk | 0,01 | 40,38 | 40,53 |+0,16 | «0,06 [«0,11
«(3,19 | 0,46 0,4k | 0,02 | 40,38 | +0,51 | +0,15 | -0,07 |~0,10
-0.20 ‘.07156 7,,4"0".‘“ | -0,02 “0’39 '.’°|53 “’0'15 .0'05 '0.0G
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Daaping sross-ssunliax ssefficisnts for
kb sestions and the whale nadel.
T @I
=32
o* .

nd/ 1 2 3 ; 5 6 ” | sum of |whele
seetions | medel
" - L (] - '.'1,63 "1'5“ - - nZ.“’
6 -1 |65 -2 ”B '2'12 U’ '19 -0'09 "1 |7° "'1 '21 i -4'72 ‘5"2
8 [=1,71 [«2,49 |-2,45 |-1,81 |.0,68 +1,20 | 41,09 | -6,84 |-6,79
® 10 [=1,80 1=2,01  |«2y43 | 2,10 [=1,21 | +9,88 | 41,05 | -7,22 |-7,04
12 -~ '07 -l '55 -2 .28 -2'39 Y | ‘,2 +0.63 +1 ,05 -7"" -"“
b |=1,22 | -3,07 - - ‘- +2,39 | +1,77 - 6,63
6 |=1,68 | =2,43 2,40 | -2,06 | -0,68 | 41,92 | +1,42 | <6,31 |6,65
T 8 |-1,39 | -2,56 «2,83 | «2,90 [ -1,25 | +1,11 | +1,32 | -8,10 |-3,23
10 |=1,29 | =2,04 ~3,02 | 2,87 [ «1,75 | 0,82 | +1,29 | 8,86 |.8,86
12 |«0,98 1,63 ~2,99 | ~2,97 1-2,05 +0,61 | +1,30 | 8,76 |8,
. b (=1 132 -}'Qh‘ =3 "*7 -3,03 -0.95 +2 '16 +1 .91 -7,9, .6'70
6 .1 '50 -2 .21 —2 ”5 -2 “6 ‘-1 .,6 +1 "I‘? "’ "1 -7'” © ﬂ?,’.
8 |-1,% | -2,26 =321 | =2,97 [ =1,79 | #1,11 | 41,91 | <9,1% | +9,30
10 [=1,22 | <2, | =3,96 | 3,39 | -2,27 | +0,88 | +1,49 |-10,23 [-10,18
12 -0'65 -1 .81 -} ’56 -”” -Z,S} '00,‘6 '.'1 ‘“? -10'” '10"1

s WS D
b |<1,37 | 2,82 | -3,61 | 3,06 | =1,22 | ¢2,19 | 41,98 | 7,91 | 7,85
6 [~1,23 | -1,93 =346 | 3,06 | ~1,8% | +1,43 [ «1,72 | 8,07 | 7,99
B [=1430 | =1,96 | 23,55 | 23,42 | 2,32 | 41,03 | +1,67 | 9,85 | «9,81
10 |«1,19 | =2,06 «3,9% | -3,90 -2470 +0,76 +1,‘7 -11,5‘ «11,29
® 12 [~0497 | ~1497 | ~4,08 | =b4,19 | 2,97 | 40,56 | +1,69 [~11,87 (11,84
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a

-2 =

st of eyabele.

®. . 8 Coeffioients of the motion equatiens

A. .G (hydromschanical part).

a%. o '.} The same for a section of the ship.

A, . G° :

::"’ :: The same for a cross-ssction of the ship.

Cy Bleokoeefficient,

™ Froude number

r.,r° Amplitude of vertioal force on a heaving or pitching sbip.

Fys¥p Oseillatery part of the hydromechanical foree on a heaving:
or pitehing ship. “

€ Asceleration of gravity.

k,’ D Lengitudinal radius ef inertia of the ship.

Lp Length between perpendioulars.

H.,l° Amplitude of moment on a heaving er pitching ship.

"h'"p Oscillatory part of the hydromechanical moment on a heaving
or pitshing ship. ‘

' Added mass of a cross-section (zero mpeed).

N Damping coefficient of a or;l---cction (ser0 mpeed).

t Time, |

v -Yorward spsed of aship.

xXys Right hand ooordinate system, fixed to the ship.

X 1708, Right hand coordinate system, fixed in spacs.

x, Vertical displacement of ship.

Xy Distance of centre of gravity ofya section to the pitohing

axia, ‘
Phass angles.

Pitch angle.
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e Dansity of water.
w Civowlar freguenay.
V Volums of dieplacement of ship,
V* Valume of displavement of mectien. L
&
o q
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