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Tb. experiimentai ruul.te are coapaz'ed with the reaulte of a
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ap.ed.
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anODe2&ment.
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1, tro4ucti.n.

The ca3.culati.n of bip*otiøns in regular hsad wave. by using

a strip th.ory, has been discussed in a nbsz' of papers. Recent

contributions wire given by Xez'vinrr.ukovaky and JacobsS.i1, 'ay23
Witanabe and Tkuda [es).

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

nasto forces is oonsid.red and dyns*ic cross-coupling terse are in-

o]idsd in the equations of action, which are *ssua.d to describe

the heaving and pitching cottons.

In earlier workty)it was shown that a relatively sash infln.n.

0e of speed exists on the dscping coefficients, the added mass and

the exciting force., itt least for th. case of head waves and fez'

speeds whieb are of practical interest. Os th. ether hand, forward

speed h.i an important effect an some of the dynasia cross-coupling

coefficients. Although, sit a l'izst glance the.. terse could be we-

girded aa second order quantities, it was pointed out by orvia-

Krouk.vekyf1jand also by Fay[2)that they can be very iapert*itt fez'

the uplitudss and phases of the motions. This ban been confirmed

in()wb.re the oouphing terms sire neglected in a oalou.latisn et the

heaving and pitching aetien.. In this caloulatien we reed ..ffi-.

ci.rits of the action equations, which were d.tóraiu.d by forced ci-

ciUation tests. In comparison with the calculation whore the cross.

coupling terse are inc'uded and also in comparison with the measured

motions, an important influsnas is observed, as shown in Figure 1,

which is taken froa ref.r.nc.(). ?urthir analysis showed that the

dincrep.*roi.s between the coupled and uncoupled motions were siSal)

du. to the daspiug cross-coupling terse.

The influence of forward speed has been discussed to sea. Ix.
tent in Vaisez's'i tb.sie[6). rroa a first order slender body theory

it was 1ound that th. distribution .f the hydr,&ynasic forces alang

an oscillating deader body 1.0 not influenced by forward speed.

Ves..ra eonold.4 that the inolusion Z speed dependent dampi*,g

crossuceuphing tira.s is not in agr.sment with the use of a etlip

theory. In view of the above asutioned results such a siapUfica-

tion do*a not bold for actual. shipforae.
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Longitudinal moment of inertia of waterplane 0.168,."

The dynamometers are sensitiv, only for forces perpendicular

to the baaline of the model.

3y mean. of a 8c,tch..loke mechanism a barmenic heaving or pits

ching motion can be given to the combination of the seven sections

which form the ihipsedel. The total forces on each s.cti,n could

be measured as a function of frequency and spied.

£ non segmented model of the same form ws also tested in the

same condition. of fr.qu.noy and speed to compar, the fore.. en

the whal, model with the sum, of the sectica results. A possible

effect of th. gapS between the sections could be detieted in this

way. The arrangement of the test. with the segmented model ad

with the whole model is given in Figure 2.

The aeshantoal oscillator and the neasuring system ii sheen

in Figure 3. In principle the measuring system i similar te tb.

on. deserib.4 by 000daan[iiJs the measured fares signal is multi"

plied by oo.wt and .int and after integrati.n the first harmonics

srtiQuZrs o tbs htDsod4.

Length between perpendiculars 2.2,8

Length on the waterline 2.296

readth 0.322

Draught 0.129 *

Volume of dieplacement 0.067m3

Bl.okc..fficj..nt 0.700

Coefficient of mid length section 0.986
Prismatic coefficient 0.710

Waterplan. area 0.572

Witerplan. coefficient

L.C.3. forward of L/Z 0.011 a

Centre of effort of waterplane after 0.038

Fronds number of ..rvlce speed 0.20



5

of the in.phaea and uadratur. componente oan be found witbot die..
tortion due to vibration noise. tn øo* details th..lectronto oir
cult differs eom.*hat front the d.acz'i)tien in @13. Zn particular
*7nchro r.aolv.re are used instead of 5ins-coatne potentiometers,
because they a3.lew higher rotatienel speeds.

Tb. accuracr of the in*tx'um.ntstton proved to be satifactory
which is i*portant for the deteraination of the quadrature ooapo
nents, which are caU n comparison with the t..phaee components
of the measured forces.

Throughout the szpez'menta only first hvxinontce were determined.
It should be noted that non.linear effects may be lmportntfo* the
secUons at the bow and the stern where th. ship ic net we].j.sjds&.
Tb. forced oscillation tests were carried out or frequencies up to
Ca 114. red/s.c. and 1our speeds of advaflce were o.aai.4, asmelyl
Tn .1,, .20, .25 end .30. Below a freu.noy of cj - 3 to 4 red/s.c.
the xperinehta] reu3.tc are influenced by wall effect due to' xc-
fleoted wavC5 generated by the osoillating mod.l.

be ption asplitudes of the *bipmodsl covered a sufficiently
large range to study the linearity of the measured values (heave ,v
4c*, pitch iu4.6d.gr..$). Anezampie of the measured forces en
sectIon 2, when the cosbination of the seven section. performs a
pitching motion, 18 given in Figure 11..

.6.
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Presentation of the resuits,

Yol. Wbc]. ,d.&.

It La ussusied that the force F and the massnt M sating on a
forced heaving or pitching shipod.1 can be described b7 the teUo.
wing equations

!e'!! 0+bt0+ oa -T1sin(t +ct)
(1)

D;0+,..oz0a wM ain(Qt +) I,

Pitch; + C Plasm (tot )
+ 'F.th(&)t +5)

For a giv,n h.evS.ng aotion %i.O1inØt, it tollos th*t

cz "? coi
.

*

g +45c01(

Similar .xprecains at. valid for the pitching motion.
The tersination of the da*$ng ooeUioiente b and end thi da*
ping oross..oup.ing coefficient. e and £ is straightforward: for
a given frequ.nc this. coaffioi.ntc an, proportional to the Us

drature cowponante of the forces or aoaent. for unit saplitud. of
motion. For the determination of the add.d us. the addd mass
*oment of thertia,s and A,and the added MaCe crossooupling coef-
ficients d and b tt is necessary to know th. restoring fore. and
moment oostfioiants c end C, and the statical oroas.coupling cost-
fictenteg and 0.

Tb. statical coefficients can be determined by xperimetts
as a function at øp..d at zero frecLuency. For heave the ezpertmen
tl values chow verj little variation with epe.dj they were usød

7,.
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in the analysis of th. test results.

In the case øf pitching thor. is a considerabl, speed effeot on
the restoring Son.nt coefficient C. C decreases approzi*at.ly 12%

when th. speed increase. frau Ta .15 to .30. This reduction is due

to s bydiodynsuis lift on the hull when the sbipaod.]. is towed with

a constant pitch angle. Obiioualy this lift f feat also depend.. en

the frequency of th. notion. Coni.qu.ntly, the oo.ffiaiont of the

restoring *oa.nt, as deterained by en ezp.riaent at nero frequenoy,

nay differ fron th. value at a given frequency.

is it is not possible o seasure the restoring onent and the
atatical orossu.00upltng as a function of frequency, it was decided

to use the oaloulate& values at sore ap..d. This is an arbitrary

cheisa, which affects the coefficients of the acceleration tern. $
for baruonic notions a decrease of C by 4C results in an increase

of £ by when C ii used in the oa]oulatien.

The results for the whole sodel are given in the uigurea 5 and

6. The results for the bonving actiOn were already published in [13);

they ar. presented hr. for aenpietoness.

'-8,
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The Oomponint* of the forces on each of the seven asotioii
ware determined in the same way am for the whole model. As only
the forces aM no momenta on the sections were m,asure4 tW* aua.
tions remain for cash section:

J.*vII (t'+çV)+b't+c'i F' ejn(Lot.oL')0 0 0 5 (4)
Pitch: (4*.çt7sz)+.è+ gQs sn(ut+cf")

where is the gaaa.*oI1I of the sectioni with respect to
tba pitching axis. Tb. star () itidiceta. the coefficients of the
sections. The aiotion coefficients dividtd by the length of the
*scticns give th. mean cross-section coefficient., thus:

a'

and so on. Assuming that the distribution, of the crass-sectional
values it the ceefficionts; a', b' etcetera, are continusus curves,
thee. distributtens can be determined from the seven mean cross.
section values. In the Figures ?, 8, 9 and 10 th. distributions
of the added &sa a, the damping coefficient b and the orsu.00up..
ling coefftctonte d and e are given as a function of øpe.4 and fri..
quoncy. Nqiserical a1uei of the section results, a', b .toet.r*,
are summarized in the ablee 2, 3, 4 and 5.

In. Figure 8 it is shown that th. distribution of the damping
coefficient b depsnd5 on forward aps.d and i.quenoy- of oscillation,
The damping oo.ttjojet of the forward part of the ebipaod.]. ifl.
creases when the speed is increasing. At the same time a dear.*a
of the damping coefficient of the aftetbody Is noticed. For high
fz.qu.nolss negative values for the cross-eect,oal damping oo.ffi
cionts are found.

The *dded mass distribution, as shown in Figure 7, changes
very little with forward speed but there is hitt forward of the
distribution curve for inoreasing frequencies.

N.gativ,value. for the droee-asctinaI. addid mass an, found
for the bow.e.otions at low frequencies. For higher fr.qu.nci.e
the influence of frequency becomes very small,

. 9 .
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The distributien of the denpiag oross.coupling co.ffioient
varies with speed end frequency as shown in Figure 10. 72*5 figra
9 it can a. seen that the addid asss crossiosupliag ooefti.int

depends very little on speed. 7or hih.r fraquseotes the influence
of:frequeacy is assli.

La a check on the accuracy of the neasuronent. the sun of the

results for the seations were aonpar.4 with th. results fez' the
whole aedsi. The following relations were analysed'

fd'xdx-L

Zaa j'zdz.$
a'xdx.D

a b' zdx E.
L

Th. results are shown in Piguz. 11 for a Froude nunb.r 7 - .20.
7*r the other speeds a siailaz result was found. £ aunerical euspa..
rican La given in the Tables 2,3, k a*d . It nay be senoludod tbat
the section results are in az..asnt with th. values for the while
nodel. N. influence of the gaps between the sections could be found.

£l.ygi. o.th. !'qlUitI

Ph. xp.ri*entsl talus. for the hydrodjassic forces end aeseats

on the oscillating .hipnod.l will now be analysed by using the strip
theory, taking into account th. affect of forward speed. For a 4.

tailed description of the strip the.ry the reader is referred to nj,

t 2] and [,]. For cenwenisno. a short description f th. strip theOry
is given her.. The theoretical stiaation of the bydrodynasic fore..
on a croses.oti.a of unit length is of particular 1ter.st with re.
gird to the aessured distribution. of the various ocefficionts
long the 3.aØb of the sbipsode].

.. 10 -
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it foliews thatz

f-s'E,Cic' .Ym)0_açsy.5
For the whole ship we fiat, b.eaii.es dr'..Oi

where A ii the w*tu'p].*a area.

4.1. 3Ltha.
£ right head coordinate .y.t. La fi*d in spa,.. The

La v.rti.sl]y *p.srd., the *sz1s is La the dir..ties ef the
foruard spied of the w.sal sad the origin i.. La Ut. uadt.tiaab.*
water imfaoe. £ .o.a4 right hind m.tea .f xis * y a is fixed to
Ut. ship. The origin is La the e*tr. si grsvft. lath. ae.a pest-
ties the kip the hedy axis kss the earne direitiens as the
fixed axis.

Cissj1.p first a ship per toreia.g a pr harsosic heaving a..
ties of esall saplitud. is still water. Tb. ship La $.ar.L*g a this
sheet .f wst.r, flora.] to the ferward speed of the ship, at a fixed.
distea.. fro* the origin.

At the, tisi t a strip of the ship at a 41st.*.e * fr.a the
centre of paiitty is aitusted in Ut. ah.st of watir. 7,.. x, Vt + x
it follows that k - V, wII.r.i 'V is Ut. .p..d of the mhtp.

The vertical velocity of the strip with regard to the water is
Ut. h.artsg velesitp. Tb. osoillatory part of the kydresoebazi.

cal for.. on the strip of unit length .ill bet

* '$'Ic Zgys,,
wh.r.i a' is the added asas a*4 K' is the apLsg oo.ffieist for
a strip of unit length ant y is the half width of th. strip at the
waterline. Isaauiei.

(5)

(')
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The ao*ent produced by the fore.

t I" I).iT1ii($ )s+(t 2

on the strip is given bys

A suary of the expressions for the variou, coefficients for the
wh.].e ship according to the notation in equations (1) and (2) is
given in Tab]. 6,

(1)

/

Because J'ac 4i-.*, we find for the whal. ships

gel's (1)

when j the atatioal ao.ant of the waterpien.

Tot s pitching ship the yertiesi speed of the strip *t z with
regard to the wat.r will b.s .24 + va, and the Iceelerstien iss

+ 2V6, Tb. v.rtic.l force on the strip will bat

ut'(q.*I+VQ) .u1'(.aê+va)ii2ç172e,
or I

x +(W zu.2Va' .xV )ê+(Z'gyx+V2 .'N'V)Q

Tb. total hydronechanios]. fore. on the pitching ship will be*

T. C a'*1a)*+(jf'z4x..V1I)e+(rg*_ VJN'dz)O

Tb. went prodnoad by the torso en th. strip is given bi

-a' x2*-($'x2..2 Va'x-.x2V -)ê

-(2'gy*2+V2x JL...N'Yx)Q

Tb. total nom.nt on the pitching ship sill baa

Np11l_(J*Ix2dz)(.fII2d2)o.,(qgIw*v2K,,vf$Izdx)ap (12)
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Tabi. 6.

Co.ffJciaqtg ror tb. wJa,2.. .)sjp øi000rd,ng to ti tk,orY,.

iii df'X4Z+X.
bJ'dx efN'xdz-Vi.
c*SAw

r ( (13)
DsJii'xdx

L L
BJKz2thc E*JN'xdz+Va
camçszw

For the oroa...eotion.l viilusi ot th. co.ffioi.nt. .imil*r cx-

preas&.n. csn be derived fros the equations (5) to (iz). Fox the

cosparison with the xpsriw.nta3 r.sults two of thea. expressions

*r. given hera, na*.ly:

* N' - V

$'z- Ya' -

Also it tollwa thst'

£ Jd"xdx

a uiju'xdx.
(15)
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..ae qoarison öor

For a nusber of caseath. ezpóz'Laental resuits are cs*pared
with theory. First of *11 the deaping crossu.00uplLng oO.ft1ci.nta
are cottsd.r.d. Prom equation. (13) it follows that

C JN'xdx Vs.
(16)

The first tera in both expreuione La the orosa-coupling Coefficient
for zøpo forward speed, For' a for and aft .yz.tric4 ship this
tim is equal to sero. For auch a ship the resulting expressions
are aqua] in *gnitud. but have opposite etgn, which La in agree.
sent with the result found by Tissan and )I.WSSA[7], The exparsants
ocufira thie tact cc ebewn in Figure 13 where a and E are p]sttst
on * b&se of forward speed as a function of the freuenoy of osi1
)ation. The sagnitude of the spied dependent parts of the oceffi
0eflti ii i*l Within very close limits Extrapolation to zero
speed shows that the e and 2 linse intersect in on. point which
should represent the zero pesd oroesooup1ing coefficient.

Using Grin's twO.i.di*Cneiona3. solution for dasping and added
sass at zero speed[9)tbe coefficients a and were also oal.oulateØ
*ccordtn to the eq tine {16). The distribution of added ass. and
dcpin co.ioiint for zero speed is given in Figure ia and the
calculated daniping orosscoup1tng coefficients are shown in Figure
13.

The calculated value. are In line with the experisent] results
The natural frequencies for pitch and heave are respeotiv.Z
red/sec and in this iaportant region the calculation of the dasping
croucoup)ing coCfficiente is quits satisfactory. The isro speed
case will be studied in the near future by ocofliating xpsrij*ents
in wide basin to avoid cal] intlu.no.,

Mother conparison of th.o and experiment concerns the dii.
tributton along the lsngth of tha shipwodel of the dasping coeffi-
cient and of the duaping crcssooupw1g coefficiant e.

14
/
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Add.( 1w for the iiotioa 4 e w)1. iodgl.
ki

. ,13.

-(A)

v.4/ ¶ 2 3 4 3 6 7 .f ikol.
104e1

4 -1,21 0,59 0,54 0,87 0,41 -0,17 - 1,84
6 0,31 0,66 1,01 1,38 1,18 0,6s 0,02 5,36 5,37
8 0,24 0,60 1,09 1,37 1,28 0,76 0,10 5,44 5,26

10 0,20 0,69 1,29 1,48 1,34 o,8 0,14 5,99 5,91
12 o,18 0,78 1,40 1,60 i,4e, 0,90 0,17 6,48 6,3

4 0,39 o,8 1,29 1,39 1,13 0,22 -0,27 5,40 3,63
0,32 0,63 1,00 1,40 1,23 0,64 0 5,24 5,19

8 0,21 0,55 1,08 1,38 1,21 0,73 0,12 3,30 ,i8
10 0,19 0,63 1,23 1,49 1,33 0,83 0,14 5,86 5,$
12 0,20 0,77 1,37 i,6o i,ks 0,88 0,17 6,44 6,32

4 0,86 1,09 1,26 1,66 1,20 0,16 0,32 5,91 4,9
6 0,33 0,65 1,01 1,38 1,19 0,55 -0,02 5,09 4,8
8 0,20 0,34 1,03 1,39 i,z6 0,66 0,08 ,,i8 5i3

10 0,18 0,62 1,19 1,4 i,jk 0,77 0,12 5,70 3,65
12 0,20 0,76 1,37 1,60 1,45 0,83 0,16 6,37 621

0.

4 070 0,91 149 1,51 1,07 -0,10 -0,22 5,J 3,39
6 0,25 0,4ik 1,13 1,39 1,07 0,45 0,0? 4,82 4,31
8 0,16 0,42 1,14 1,45 1,08 0,38 0,13 4,96 ti,9,

10 0,15 0,55 1,26 1,47° 1,2? 0,68 0,17 5,30 3,41
12 0,17 0,69 1,41 1,57 1,35 0,81 0,1 6,19 6,18

- 16 -



-.16..

Damping co.ffjcj.nte for the a.otlone and the whol* stodel.

(A) b
rad/ - sua of whole
sec 1 2 3 4 5 6 7 ecttona aod.1

4 2,03 9,78 5,78 3,80 4,8o 2,00 35,63
6 1,82 4,42 4,55 4,8 4,52 4,78 1,67 26,34 26,53
8 1,61 2,31 2,26 2,175 335 3,94 1,53 17,75 17,49

10 1,36 i,o8 a,76 1,39 2,36 ° 3,43 1,49 11,87 11,63
12 0,95 0,47 0,44 0,87 1,89 3,09 1,50 9,21 8,54

Fn. .20.

t,

6

i,
1,95 3,93

5,08

4,32
5,05
4,45

573
1+,32

6,63
5,07

2,50
2,07

31,05
26,33

31,33

8 1,50 1,91 2,25 281 3,49 4,38 1,94 18,28 i7,78
10 1,10 0,37 o,6a 1,54 2,70 4,01 1,9O 12,24 12,14
12 0,74 -0,15 0,21 1,01 2,18 3,84 1,93 9,76 9,03

.25k

4 2,13 k,8o 5,8 5,20 5,98 7,63 2,85 33,97 33,88
6 1,97 3,43 4,17 4,23 4,62 ,68 2,35 26,45 27,63
8

10

1,48
0,95

i,8
-o,o6

2,28
o,6o

2,83
i,68

3,68
,,00

5,21
4,96

2,19
2,20

19,25
13,33

18,7,
12,69

12 0,32 -0,56 -0,03 1,03 2,63 4,74 2,29 io,6 9,78

- .30,

4 1,78 4,4o 4,40 515 6,78 7,6o 2,98 33,09 8,io
6 1,73 2,77 3,50 4,10 5,18 6,32 2,55 26,17 28,45
8 1,21 0,99 1,70 2,81 4,50 ,73 2,31 19,45 20,40

10 0,64 ..o,87 0,17 1,88 Zp,Q7 ,42 2,39 13,90 13,93
12 0,42 -0,56 -o,6 1,37 3,72 5,28 2,66 11,26 10,42

-17..



TABLE 4.
.17.

cosficLenta.croas.00uv34n
thi eeottqn.pn(thswhe d+1.

T..1,.
LA) d

rad,
sec

1 2 3 6 7 BtLmOf

Seoticne
vheie
iod.1

4 - - +0,59 +o,a8
6 -0,42 .0,47 .0,33 +0,02 +0,46. +0,57 +0,13 .0,04 iO,09
8 -0,27 .o4. -o,4o .0,01 .0,38 +0,50 .0,13 .0,11 .0,16

10 -0,19 .0,43 -0,40 -0,01 +0,37 +0,49 +0,15 .0,C .0,10
12 O,19. -.0,45 -0,40 .001 +0,40 +0,51 +0,15 +0,01 .0,04

20.

4

-

.0,57 -0,67 - - - +0,78 .0,32
6 .0,39 -0,52 -0,34 +0,01 +0,46 .0,59 +0,13 .0,06 .0,06
8 .0,24 .0,45 .0,40 .0,01 +0,39 .0,51 +0,11 .0,09 .0,14

10 -.0,20 -0,45 -0,40. -0,01 o,8 .0,51 +0,13 -o,04 .o,o8
12 .0,20 .0,47 '.041 -.0,01 .0,40 .0,33 .0,14 .0,02 .0,03

Fn .25.

4 .o,6 -0,59 .0,01 +0,12 +0,72 +0,86 +0,21 +0,69 +0,13
6 0,39 .0,50 -.0,32 +0O2 .0,46 +0,59 +0,13 .0,01 0,00
8 .0,2 -.0,48 '.0,40 -0,01 .0,39 .0,52 .0,14 -0,07 -0,13

10 -0.18 -0,46 -0,42 -.0,01 .0,38 +0,51 +0,13 -0,05 -0,08
12 -0,20 .0,46 .0,42 '.O,oi .0,40 +0,51 .0,15 .0,03 -O05

4 .o,6a -0,61 +0,13 +0,08 .0,64 +0,93 +0,20 +0,75 .1,09
6 .029 .0,4? .0,36 .0,01 . +0,43 +0,59 +0,21 +0,12 .001
8 '.0,21 .o47 -.0,44 .O,O +0,38 +0,.j +0,16 .o,o6 .0,11

10 -0,19 -0,46 -0,44 -.0,02 +O,8 +0,51 .0,15 -0,07 -.0,10
12 .0,20 .0,46 .0,44 . '.0,02 +0,39 .0,52 +0,16 .0,05 .0,06

-18.
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)ipSqr raaa-esiii.t Io.fficitIlt. 1*rtt asstim ii&4 tk. wh.1 1I.4i2.

ua

!
1 2 3 4 5 6 7

ssctiu.s p.4.1

4 +1,63 +1,34 -2,43
6 -1,G -.2,8 -.2,12 .1,19 -0,09 +1,70 +1,21 .4,72 -.5,32
8 -.1,71 .a,4 2,k5 -1,81 .0,68 +i,ao +1,09 -6,84 .6,73

10 1,40 -2,01 -2,43 -2,10 .1,21 +9,0 +103 -7,22 -7,o4
12 -.1,0? .1,33 .-2,a8 -2,39 -.1,52 +0,63 +1,05 -7,13 .4,0

4 -1,22 -3,07 - +2,39 +1,7? .6,63
6 .1,68 .2,43 .2,40 -2,06 .0,68 +1,52 +1,42 .6,31 -6,63

-1,59 -2,36 -a,8 .2,50 -1,25 +1,11 +1,32 -8,10 4,z
10 -1,29 .2,04 -3,02 .2,87 -1,73 .0,62 +1,2 -.8,86 .186
12 .0,91 .1,63 .299 -.2,97 .2,01 .O61 .1,30 4,?'. 4,75

4 -1,32 -.3,0'. ..3,47 .3,03 -0,96 +2,16 +1,91 -7,95 -6,70
6 .1,50 .2,21 -2,85 -2,16 -.1,31 .1,47 +1,1 -7,30 .7,38
6 .1,50 -2,26 -.3,21 -2,97 .1,79 +1,11 +1,51 -9,lt .9,50

10 -1,22 .2,14 .3,36 -3,39 -2,27 +0,86 .1,4 .10,23 .10,18
12 -o,8 -1,81 -3,66 .3,3* .2,53 +0,16 +1,47 -10,30 -10,31

4 .1,37 -2,82 -.5,61 .3,06 -1,22 +2,19 +1,98 .7,91 -.7,53
6 .1,23 .1,93 -3,11 -3,06 -1,84 +1,43 +1,72 4,07 .7,95
5 -.1,30 .1,91 .3,33 .3,42 -2,32 +1,03 +i,67 -9,85 -.9,81

10 .1,19 .2,06 -,94 -.,,,0 .27S +0,71 .i,7 .11,36 .11,23
12 .0,91 ..197 .4,oS .4,i, "2,97 +0,56 +1,69 -.11,87 .11,14
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of sbg1e.

Coifticiutti of the aetion quaticas
A . . 0 1 (kydroasohanjoal part).

a. The sans for a section of the ship.A. .

A'. .
Tb. sane for a aroosseotion of th. ship,

C3 $1.oko..ffici.nt,
In Traude nunb.r

Axplitud. of vertical fore. on a heaving or pitching ship.

O.eillatu'y part of the hydroit.chanical fore. ext a heaving
or pitching ship.

g Aeuleratin of gravit7.
L.ngitudica3. radius .1 inertia of the chip.

L, Length b.tw.ut perpendicular..

Lapliteds of aoautt en a heaving or pitching ship.

Oscillator part of the bydroa.ohaflical nosent on a heaving

or pitching ship.

a' Added sass of a oross'..ction (core speed).
It, Daaping coefficient of a oros.-s.otion (sezo speed).
t Tin.,

V ?orward spied of ship.

X7$ Right h*nd ocordinate s'at.s, fixed to the chip.
Right hand 000rdinat. cystea, fixed in space.

Vertical displacent of ship.
Distance of centre of gravity of a sectioxt to the pitohing
aacta.

Phase angles,

4 Pitch ang]...
21 -
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of w*tsr.

Ld C2rou)r tr.quanay.

ye1*. of 4isp2.c*ant t ship.
Yalta. et displao.I.nt of asctisn.
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