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1. S'arnenvatting

De in het Láboratorium voor Scheepsbouwkunde igez1te:methadevoor.het

metlen van de zeiiprestaties van jachten is toegepast op drie modellen van

oritwerp-eeriheidsjachten [i] . Deze jachten zijn 'ontworpen door Koopmans, Maas

en v.d. Stadt orn te komen tot een keus voor de bouw van een eenheidsjacht.

Behaive onderling zijn de prestaties van deze jachten Qok vergeleken met de

Ha.lftonner [2] en de Spirit 28 [3] welke schepen qua afmetingen met de

hei.dsjachten overeenkomen. De zeilprestaties van het eenheidsjacht van

v.d. Stadt blìjken tot een windsnelheid van Tm/sec beter te zijn dan die van

de beide andere eenheidsjachten. Voor hogere windsneiheden zijn de zeilprestaties

van het eenheidsjacht van Koopmans beter. De zeilprestaties van het jacht van

Maas zijn vooral ongunstig beinvioed door het aanzuigen van lucht t.p.v. de

zuigzijde van d kiel bij hellingen van ongeveer 30 graden, terwiji ook de

voorlijke ligging van het drukkingspunt mede verantwoordelijk geacht moet

worden: voor de relatief hoge weerstand.De gunstige prestaties van het eenheids-

jacht van-v;d. Stadt. zijn vooral hetgevolg van de iage weerstand van het schip

rechtop:: zonder heiling en drift.

c De nuinmers tussen de haken verwijzen naar de bibliografie op biz. 8.



2. De modellen

De belangrijkste karakteristieken van de modellen en de sehepen zijn gegeven

in tabel
1a

en
1b,,

de vorm van de öntwerpwaterlijn, en de kromme van spantop-

perviakken in fig. 1:,, 2 en 3'

De kieì-roer-konfiguatie wijkt voor geeri van de schepen af van de gangbare :

een trapeziumvormige vinkiel en een Vez' naar achteren geplaatst, diepstekend,

smal roer achter eeri korte ondiepe scheg.

Opvallend is ook de grote hreedte-diepgangvérhouding van de romp voor bet ont-

werp van Maas,, terWijJ. uit de krommen van dwarsdoorsneden oak blijkt dat de

waterverplaatsing van het voorste gedeelte van- dit jacht grater is dan van de

beide andere achten,, at résiÄteert i e.en vooriijker ligging van. het druk-

kingspunt. De momenten van statische stabiliteit met hetrekking tot de he-lungs-

L hoek zijn voo,r de verschillende jachten weergegeven in fig;. 1.
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3. Resultaten en diskussie

3.1. De vaart zonder helling en drift

De weerstand, rechtop en zonder drift varend, is ,gemeteri en gegeven in tabel
b e .

Ii en Ii , en in kg ais funktie van de scheepssnelheid, en dimensieloos als.

weerstand per ton. waterverpiaatsing van de romp als funkti.e van het dimensieloze

Froudegetal,. .

In tabel III zijn voor standaard Froudegetaiien de waarden van de weerstand per

ton vaterverplaatsing van de romp onderling vergeleken, n vergeleken met de

Haiftonner en de Spirit .28, die qua afmetingen ongeveer overeenkornen met de een-

heidsj!achten, maar ook met de Staron [1] die daarbij vergeleken grotére af-

metingen heeft.. Omdat voor gelijke sòheepsvorrnen bij toenémende absolute grootte

(vergroting van de schaai)'bij gelijk Froudegetal de weerstand per ta waterver-

plaatsing afneemt., is deze laatste vergelijking niet strikt eerlijk.. Wordt dit in

aanmerking genomen, dan hlijkt uit tabel 'III, dat de. waarden voor het eenheids-

Jacht van. Maas betrekkelij'k hoog zijn ver.geleken met de andere jachten.

Van meer betekenis is. de ber.eikbar.e sneiheid-voo.rde-qind, die te berekenen is

uit de weerstandskromjne na schattingvan het effektief zeilopperviak .(tabel. i).

Fig. 5 geeft. voor de vers chillende jachten. de. sneiheid-voor-de-wind,. Vd, als

funktie van de .werke.lijke windsnelhei.d,, te.rwijl..in.tabel. IV de.zescheepssnelheid

dirnensieloos is weergegeven voor enkele standaard-windsnelheden.

Uit Fig. 5 biijkt, dat de hoogste snelheìd-voor-de-w.ind bereikt wordt door het

eenheidsjacht van v.d.. Stadt.

3..2. De vaart-aan-de-wind

In fig. 6 is de kroxnme van sneiheid-in-de-wind (Vrng) t gen werkelij,ke windsnei-

held (Vr) voor .de drie eenheidsjachten gegeven..

Voor windsnelheden lager dan 7 rn/see blij.kt de hoogste snelheid-in-de-wind be-

reikt te worden door het jacht van v..d. Stadt, daarboven worden door het j acht

van Koopmans de hoogste snei.heden.-ifl-th-Wi!.bereikt.

Voor standaardwinds.nelheden van 3.5, 7.0 en 10.0 rn/sec zijn de als Froudegetal

dimensieloos gemaakte sne].heid-in-de-wind en de daarbij. behoreride scheepssnelheid

gegeven in tabe]. IV, tesainen met heiling en drifthoek.

-4-
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Ter vergelijking zijn cok de waarden van de Haiftonner [2], en de Spirit 28

[3)opgenomen. De heflingshoeken van bet. jacht van v.d. Stadt blijken het

grootst te zijn en die van Koopmans het kleinst.. Dit houdt o.a. cok verband met

de statische stabiliteit, zoals die veergegeven is in fig. 14 De drifthoeken

blijken het hoogst te zijn voor het eenheidsjacht van Maas. Dit kan, bij hoge

hellingshoeken, het gevolg zijn van het aanzuigen van lucht aan de zuigzijde

van de kiel, waardoor de dwarskracht afneemt. Het bovenwater kornen van dé

kiel is bij de hoogste heliìngshoek
(3Q0)

voor dit jacht duidelijk geconsta-

teerd. Fig. 7 toont een vergelijkîng van de dimensieloze sneiheid-iri-de-wind

met die van andere schepen.

De metingen kunnen behaive met de opgegeven ligging van het gewichtszwaarte-

punt en bet ontworpen zeilpian cok uitgewerkt worden met een andere, syste-

matisch. gevarieerde,ligging van gewichtszvaartepunt, efÍ'ektief zeilpunt en

zeilopperviak. Hiertoe is een computerprogramnia ontwikkeld, dat deze variaties

snel berekent en uitwerkt. De ligging van het gewichtszwaartepunt in hoogte

verandert telkens. met i% van de waterlijnlengte.

Het zeilpian wordt gewijzigd door alleen de rnasthoogte te variëren..,Daarmee

varieert in. dezeifde mate de hoogte van de voordriehoek (I) en de lengte van

hét vooriij'k. van het grootzeii ÇP), De variatie van de masthoogte is zo ge-

kozen, dat de 1-maat telkens met 5% van de ontwerpwaarde verandert.

Alle andere maten, zoals de basis van de voordriehoek (J), de gieklerigte (E)

en de positie van de giek.boven dek (BAD), worden konstant gehouden,, zodat de.

variaties van het zeiioppervlak en de ligging van bet. èffektief zeilpunt in

'hoogt'e gemakkeiijk te berekenen zijn (tabel Va, Vb, Ve).

Voor iedere combinatie van rnasthoogte en ligging gewichtszwaartepunt (stabili-

teit) berekent de computèr de kroinme van sneiheid-in-de-wind (Vmg) tegen ind

snelheid (ve) en bepaalt V bij de standaardwindsnelheden 3.5, 7.0 en 1O.0

rn/sec. Hierna kunnen door interpolatie voor iedere windsnelheid in n figuur

lijnen van gelijke snelheid-in-de-wind getekend worden., met op de horizontale

as de ligging van het gewichtszwaartepunt en op de vertikale as de 1-maat..

Voor de verschillende jachten zijn deze "stabiliteits-masthoogte velden met

lijnen van konstante V "getoond' in fig. 8, 9 en 10. Bij verandering van

de twee enoernde basisvariabelen is in de figuur direkt te tien hoe groot de

invioed hiervan op de optimale sneiheid-in-de-wind is.

in de f iguur is bovendien vanuit bet midden, wat het gegeven schip ver-

tegeriwoordigt, een piji getrokken in de richting van de snelste vergroting

van de snelheid-in-de-sdnd.



Aan de richting van deze pijien is te zien, dat voor alle drie de jachten en
windsnelheden een verlaging van het gewichtszwaartepunt, d.i. een verhoging
van de stabiliteit, een verbetering van de sneiheid-in-de-wind. geeft.
Bij de laagste windsnelheid, 3.5 rn/see, waar normaal een overheersende invloed
van het zeilopperviak verwacht zou worden (de pijl staat dan bijna vertikaal),
is verbeteringdoor stabiiiteitsvergroting voor het eenheidsjacht van v.d.Stadt
en rnogeiijk voor dat van Koopmans van belang.
Bij een wiridsnelheid van 7.0 rn/sec is vergroting van het zeilopperviak van
weinig belang, terwiji het bij een windsnelheid. van 10 rn/sec verkleind zou
moeten worden (reven). Hoewel een grotere masthoogte (1-maat) een grotere
spinnaker toelaat is de invloed hiervan op de sneiheid-voor-de-wind niet
spektakulair (zie tabel VI).

3.3. De gezeilde tijd op een standaardbaan

De kronunen van fig. 5 en 6 kunrien gebruikt worden orn de gezeilde tijd op een
eenvoudige stàndaardbaan -te vergelijken met de desbetreffende tij'den van andere:
schepen, na toepassing van de. tijdkorrektiefaktor. Omdat niet het geheìe po-
laire diagram bekend. is, is het. noodzakelijk voor-de.ze ,baan:een .rechte: te
kiezen, evenwijdig.aan de windrichting, die heen en terug gevaren.wordt. -
Als de lengte van een rak wordt. 10 miji vastgesteid. De opdeze baan:voor ver- -

schilleride sehepen (theoretisch.).bepaaide. zeiltijden .zijn .gegeven: in..tabel VIi,
ook weer voor standaardwindsneiheden. De meting van de drie eeriheidsjachten is
gelijk, zodat de berekende zeiltijden direct met elkaar vergeleken kunnen. worden.

Hieruit biijkt ook weer, dat voor windsnelheden onder 7.0 rn/sec de gunstigste
tijd gezei].d wordt door het eenheidsjacht van v.d. Stadt; daarboven .g'eeft het
jacht van Koopmans de kortste. zeiitijd.
Directe vergelijking met de zeiltijden van de andere jachten in tabel VII is
moeilijker daar de meting niet bekend is.
Nogmaals moet opgemerkt worden dat de gezeilde tijden volgens tabel VII ver-

kregen zijn aan de hand van modeiproeven in vla1 water, na gebruik van

geschatte effektieve zeilopperviakken (al is deze schatting oök steeds volgens

dezelfde methode uitgevoerd),In werkeiijkheid kunnen een betere bemanning

de kwaliteit van de zeilen, of de zeegang beiangrijke invloed uitoefenen.



4. Verantwoording

De experimenten werden uitgevoerd binnén bet kader van de aktiviteiten en

afspraken in de Werkgroep Jachten..

De tekeningen voor bet eenhidsjacht van Koopmans zijn vervaardigd door

D. Koopmans te Lelystad en het model (121) door de jachtverf Victoria te AÏkmaar.

De tekeningen en het model (122.) voor het eenheidsjacht van Maas verdn ver-

vaardigd door de jachtwerf Frans Maas N.Y. te Breskens.

De tekeningen en hét model (123) voor het eenheidsjacht van v.d. Stadt werden

vervaardigd door E.G. v.d. Stadt, scheepswerf N.y. te Zaandam.
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TABEL

Beiangrijkste gegevens van de schepen

ì De diepgang tot onderkant kiel was voor dit ontwerp ook 1 .700 rn; de kiel van het
model bleek door de wijze van bevestiging overeen te icomeri met een totale diepgang
van 1.730 m.

Symbool Omschrijving eenheid Koopmans Maas v.d. Stadt

LOA lengte over allés m 9.000 9.050 9.050

LDWL lengte op ontwerpwaterlijn m 7.2.00 7.310 7.100

B
max

mximum breedte m 2.800 3.000 2.930

BD max. breedte op ontwerpwaterlijn m 2.14148 2.1470 2.3140

diepgang van de romp m 0.557 0.1450 0.520
T d.iepgang tot önderkant kiel m 1.73Ô i700 1.700

depiacement van de romp 1000 kg 3.661 2.911.9 3.237

deplacement totaal 1000 kg 3.890 3.2141 3.1457

LCB ligging drukkingspunt romp in lengte
achter inidden wateriijnlengte

m. s 0.311 0.019 0.2149

LDWL/H1 lengte-deplacemexit verhouding 14.67 5.10 14.80

BDWL/TH breedte-diepgang verhoudirg 14.39 5.149 14.50

LCB/LDWL relatieve ligging drukkingspunt 14.32 0.26 3o5i

prisrnatis'che coefficient van de romp 6 0.551 0.538 .0,556
S totaai. natopperviak m i8.i6 17.72 17.50

ZGS ligging gewichtszwaartepunt m 0 135 0 080 0 055
onder waterlijn

- L

BR bailastverhouding 0.k14(1) 0.37(1L0.39(1)
I 'hoogte voordriehoek m 10.140 '11.00 11.25
J basis voordriehoek m 3.68 3.35 3.70

SAb effektief zeiloppervIak aan-de-wind m2 30.52 29.76 31.1414

SAed effektief zeilopperviak voor-de-wind m2 76.25 :70.80 81.18

ZCEe effektief zeilpunt boyen ontwerp-
waterlijn

m 14.68 5.05 5.06

b kieìhoogte (span) rn 1.214 1.25 1.20

e gemiddelde koorde kiel m i.38 133 1.30

ARg geometrisch aspektverhouding kiel 0.90 0.914 0.93
A pijistélling kiel gr 37.2 30.2 140.1



TABLI

Belangrìjkste gegevens van de modellen (2)

(1) : ais fraktie van .het totaái deplac eme nt

(.2) :. modelschaal 1:14.5

Symbooi Omschrijving Eenheid Koopmaris

model 1.21

Maas

model 122

v.d.Stadt

model 123

LOA lengte over alles ni 2.000 2.011 2.011

LDWL lengte op ontverpwater-.

H iijn

m 1.600 1.6214 1.578

B
.

max
maximum breedte m 0.622 0.667 0.651

BD maximum breedte. op m 051414 0.514:9 0.520
ontwerpwat.erlijn .... H . . .

TH. d!iepgang van de romp m .0.1214 0.1.00 . H O.ii6

T diepgang. tot ónderkant

kiel

m H 0.38 O.378 0.378

dè:pla.cement totaal kg 142.6914, 35.5614 3T.936



TABEL

Weerstand rechtop en zonder drift vor het eenheidsjacht van Koopmans..

V
s

rn/sec

V
s

kn

R
Ts

kg

Fn R / LTSH
kg/ton

1.273 2.14 .14 0.151 1.76

1.148.5,

1.697

2.89
3.30

9.1

12.14

0.177
0.202

2.50
3,35

1.909
:

3.71 16.3 0.227 H

.121: 14.12 21..3 H 0.252 5.82

2.227 14.33 214.8 " 0.26.5 6.76

.2.333 14.53 H 28.2 'O,.278 7.70
2.14140 14.7-14 31.14 0-.290 8.58

2:a 51&6 14. 95 35. 1 0.303 9. 58'

2.652 5. 1t6 39.3 0.316 10.7,5

H 275'8 5.36 1414.14 0.328 12'13

H 2.8614' ' 5.57 50.6 H
0.3141 ' 13.8.3

2.970 547 59.3' 0.a353 16.20

3.076 5.-98 71.6 0.366 19.56

3 182 6.1,9 87.8- 0.37,9 . 23.99'

3.288 6'.9- . 1:09.1 0-.391 29.80
3.39)4 6.60 135.3 0.1404 ' 36.9,5

3.500 ' 6.80 165.-6 ' .0.1416 145.214' -

'3.606

.3.712

', 7.01.
7.22

'1:98.6

2314..6

0.1429

'0.14142 .

5.25
614.07

3.818 7.142 273.2 L 0.14514 714.63



TABEL
11b

Weerstand rechtop en zonder drift voor hét eenheidsjacht van Maas.

s

rn/sec

V
s

kn

B
Ts

kg
Fn

(i)
RTÍAH
kg/ton

1.061 2.06 14.9 0.12.5 1.6)4

1.273 2.147 T.0. 0.15Ó 2.38
H 1:.1185 2..89 9.7 0.175 3.21

1.697 3.30 13.0 0.200 14.141
. r

1.909
2.121

341
11.1.2

16..9

i .8
.0.225.

0.250
5.73,

7.39
2.227 14.33 211.5 0.263 8.31
2.333 H 14.53 27.5 0.2.75 . 9.33
2.1411.0 4.7)4 30.9 0.288 10.148
2 5)46 11 95 311 6 0 301 11 73
2.652 5.1.6 38.7 . 0.313 13.12
2.58 5.36 439 0326.

. 1)4.89
2.8614

L

5.57 . 50.2 . 0.338 17.02.
2.970 547 58.0 0.351 ., 19.67
3.076
3.182

5.98
6.1:9

67.8
80.14

C.363 .

0.376

. .22.99,

27.26
3.288 6.39 95.7

¡

0.388 . 32.145
3.3911 6.60. 113.. 1 0.0i 38.35
3.500 6.80 135.1 0.1113 145

3.606 7.01 159.1 0.1126 53.95
3.712 7.22 185.8 0.1138 63.00
3.818 7112 214.5 H 0.1151 72.711



TABEL

Weerstand rechtop en zonder drift voor het eenheidsjacht van v.d. Stadt..

(i): V rn/sec

V
s

rn/sec

V
s

kn

R
-Ts
kg

F(1)
H R 1H.Ts

kg/ton

1.697 3.3Q 1:2.5 0.203 3.87
1909 3.71 i6. 0.229 5.01
2.121 14.12 20.4 0. 2514 6.30
2.227 14.33 H 22.,7 0.267 7.00
2.333 14.53 25.1 . 0.28:0 7.75
2.440 14 28..2

. 0.292 8.72
2.5146 14.95 H 31.2 0.3:05 9..6
2.652 5.16 34.8 0318 10.75
2.758 5.36 39.14 0.330 12.118

2 864 557 145 9 0 343 114 17

2 970 5 77 514 3 0 356 16 77
3.076.- 5.98 64.9 0.369 203
.3.182 6.19 77.4 0.38i 23.91
3.288 6.39 92.6 0.3914 28.61
3 394 6 60 112 1 0 4o 3h 6h
3.500. 6.80 136.0 0.419 142T.o2

3.606 7.01 163.7 0.432 50.58
3.712 7.22 195o9 0.445 60.52
3.818 H 7.42 232.4 0.458 71.79



TABEL Iii

Vergelijking van de weerstand per ton waterverpÏaatsing van de. romp

(î): Koopmans..: model:1.21: LDwL= 7.20m.

Maas :. mödel 1.22 : LDWL = 7.3î rn

Fn

0.10

015
0.20

025
0.30

0.35

0 40

.

RT/H
kg/ton

(i) (2) (3) (Li) (5) (:6)

'.
1.13

3.28

. 5j72
9.141

1,5.66

35 11

2.38
14.14i

7.39
iT.73

19.57'

38 08

-

3.74

6.05

9.22

H 15.142

31 LQ

' 1.99

3.60

' 6.01'

9.58

15.23

33 55

', 2.16

4.00

L 6.36

9.82

15.70

31 33

1.97

3.44

5.7

8.83

114.43

29 T4

(3) : v.d.Stadt: model .1:23 : LDWL 7.10 rn
(14)

: Haiftonner :

'DWL
= 7.0.0 in

(5) : Spirit 28 LDWL = 6.90 m

(.6) : Staron
.: LD = 9.05 in



TABEL IV

Prestaties bij standaardvindsnelheden.

Vd : sneiheid-voor-de-wind in rn/sec

V : sneiheid'-in-de-wind in rn/sec
mg

scheepssnelhejd in rn/sec bij zeilenaan-de-wind

heilingshoek in graden

drifthoek in graden

g : versnefling van de zwaartekracht in m/sec2

LDWL wateriijnlengte in in.

snelheid
rn/sec

grootheid Koopmans Maas y d Stadt Haiftonner Spirit 28

3 5 0 222 0 216 0 226 0 2214 0 230

V /VgL 0.178 0.186 0. 192 0. 176. 0.191

0.2143 0.214:8 0.2614 0.35 0.2614

6.8 7.6 9.2 8.7 9.6

2.9 3.5 3.0 2.6 3.6

7 0 0 376 0 376 0 389 0 383 0 396

i V VgL
mg. DWL

0.268 0.261 0.268 0.260
I

0.2714

0.328 0;.32i 0.331 0.326 0.3140

18.0 8.8 21.8 22.1

14.2 5.6 14.8 14.0 .45.3

110 0 0 1439 0 1450 0 1458 -V//gL

0 293 0 273 0 278 0 276 0 278

V//gL 0 355 0 338 0 333 0 336 0 351

26.7 : 27.5 30.3 H 31.9 31.2

8 5.8 8.9 7.7 6.14



TABEL V :.

Zeilopperviak bij systematisch gevarieerde hoogte van de voordrìehoek.,

TABEL Va: Eenheidsjacht van Koopmans

TABEL V: Eéhheidàjacht van Maas

TABEL VC : Eenheidsjacht van y. d. Stadt

I

in

effektief zeilopperviak
aan-.de-wind voor-de-wind

2 2
in in

hoogte effektief
zeilpunt boyen wateriij:n

rn

.9.360 27.31 68.48 14.32

9.880 28.91 72.36 14.50
10.400 30.50 76.24 4.6v
10.920 32.09. 8.0.12 485
ii.414o 33.69 84.00 L 5.02

I

In

effektief zeilopperviak
aan-de--wind. voor-de-wind

2 2
rn in;.

hoogte effektief
zeilpunt boven'wateriijri;

rn

9.900 26.77 66.4e 4.61
10.450. 28.38 70.21 14.79

11.000 29.99 74.02 4.98
11.550 31.5 77.83 5.16
12.lfOO 33.20 81.64

. 5.35

i
.

In

effektief zeilopperviak
aan-de-wind voor-de-wi.nd

2 2
' m in'

hoogte effektief
zeilpunt boyen water].ijn

m

10.125 28.113 T319 4.64
10.688 3Q.09 77.34 4.82,

11.250 31.74 81.49 5.01
11.813 33.140 85.63 5.20
12.375 35.06 89.78 5.39



TABEL VI :

Sneiheid-voor-de-wind hij variabele rnasthoogte.
a

rABEL VI : Eenheidsj.acht van Kooprnans.

TABEL Vib: Eenheidsjacht van Maas

TABEL VIC,: Eenheidsjacht van. v.d. Stadt

I

rn

Sneiheid-voor-de-wind Vd in rn/sec

V=3.5rn/'sec V'0m/sec Vti0.0m/sec

9.360 i..82 3.12 . 3.64

9.880 1.814 3.114 3.66

10.1400 1.86. 3.16 3.69

10.920 1.88 3.18 3.72

11.14140 1.90 3.20 3.15

:1

in

Sne1heid'-voor-de-wi'nd Vd in rn/sec

Vt=3.5rn/'sec V7.0m/sec V=1O..0m/sec

9.900 i7 . 3.14 375

1C.145O h.81 3.i.6 3:.78

11.000 183 3.19 3.81

11.550 1.85 3.21 -

12.100 L 1.87 3.23. -

I

rn

Sneiheid-voor-de-wind Vd in rn/sec

t=3.5rn/sec
.

Orn/sec V=i 0. Cm/sec

10.125 1.814 3.20 3.76

10.688 1.87 3.22' 3.79

ii.250 1.89 3.25 3.82

11.813 1.91 3.27 -

12.375 1.93
. 3.29 -



TABEL VII

Gezeilde tijden op een standaardbaan (i )

De baari is 10 mijl lang en wordt heen en t.ertzg gevaren.. De windrichting is

evenwijdig aan de baan.

(2.) Kiel IV is de nieuw .aangebrachte. kiel.

(3) Kiel i is de oorspronkelijke kiel met roer.

(14) : De gezeilde tijd is aangegeven in uur/min.ísec.

.schip . .

Vt =3. 5m/sec

gezeilde t'ijd (14)

V=7.0m/sec V =1 0.Om/sec;

Stormy,, kiel IV, verhoogd kits-
tuig (.2)

- 3/00/314 -

Stormy, kiel IV, laag kitstuig - 3/02/05 -

Stormy, kiel IV, sloeptuig 14/53/20 3/014/11 -

Stormy,, kiel i , laag kitstuig(3) 5/02/01 3/03/58 -

10H-racer, model i 5/16/18 3/18/37 -

IOR-racer, model III 5/17/58 3/20/25 -

'10H-racer, model II 5/20/25 3/13/143 -

Staron . 5/514/142 3/36/114 -

Ar,4Ct14o, kiel I 5/371514 .3/35112 -

ALC'140, kiel II,

Eenheidsjadht v.d. Stadt, rnod.123

5/140/2,7

5/56/19

3/314/50

3/52/147

-

3/33/34

Eenheids,jacht Koopmans',. model' i2i 6/11128 3/514/50
' I

3/28/149

Eenheidsjacht Maas, model .122 ' 6/014/22 . 3/56/142 . 3/314/37

Haiftonner. . 6/16/32 3/59/214 -

Spirit 28
. 6/29/io 3/39/18 -
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902 SEAXEEPIÑG

REPORT OF SEAXEEPING. COI4MITTEE
APPENDIX '5

ANALYSIS OF THE RESISTANCE INCREASE IN WAVES OF A FAST
CARGO SHIP

by J. Gerritsma and W. Beuke]nan

1. introduction.

One of the first attempts to' calculate the added resistance of a ship in waves

was carried out by Havelock [i']. He determined the mean, value of the longitu-

dina], component of the pressure forces integrated over th wetted part of

the oscillating ship's hull. In 'his treatment of the problem the water presi'

sure was taken as the undisturbed pressure of the incident wave,. which implies

the use of the vei]-known 'Froude-Kryloff 'hypothesis. Clearly this was done to

avoid the"difficult problem of the evaluation Of the complicated 'diffracted

waves., which originate, from the oscillating ship in the incident waves.

Therefore Havelock considered his 'solution 'as a first approximation orüy

An' interesting d±scusson.on the use Of the undisturbed wave pressure and the

efféct upon the calculated added resistance in waves was given by Firsoff 121.
e states the,t the Froud'e-Kryioff hypothesis is:not. applicable in 'this case.

Havelock's expression for the added resistance in waves reads as foliowsi:

k
RAW = - (FZ S1fl CZF + MaGa Sin

where: F and M are the amplitudes, of the excitation force and moment in
a a - -

heave and pitch,. Za and 0a are the corresponding motion amplitudes

with phase lags CZF and COMS

An alternative method to find the' expression '(ii) is to equalize the work done

by the exciting, force and moment to the work done, by the force which is neces-

sary to tow the ship through the given wave field 131
According to equation (1) the added resistance is zero when the motion of the

ship is vanished. The experiment shows that an. added resistance f rce can be'

present in such a case,.

Furthermore the Havelock values, do not agree with experimental 'results over

a large range of wave lenSth' ratio's.

In order to get a more satisfactory agreement the concept ofthe relative

vertical motiOn o 'the 'ship with respect to the water has' to be used, as

shown in the following chapters The method is also applicable for the

(i
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determination of the drift force on the motionless ship which corresponds

to the situation of relatively small wave lengths.

To check the calculated values an accurate experiment has been carried out

with a 3 meter model of a fast cargo ship "S.A. van der Std".

Existing experimental results, as found in literature do not cover a

sufficiently large speed-wave length and. wave height ratio for detailed

comparison purposes; also the results with standard ship forms, such as the

Series Sixty, differ considerably from tank to tank. In addition there

is some discussion with regard to the assumption that added resistance

in waves varies as the squared wave height, particularly in the. case of

slender. ship forms [4]. An accurate experiment with a model of a passenger-

cargo ship, having a blockcoefficient CB = 0.65 confirmed the square law

to a large extent. Based on this principle a prediction of the mean added

resistance in a specified irregular sea was in good agreement with corres-

ponding modél test results [5]. It 'should be emphasized that in this case

extremely low and high' wae heights. were excluded.

The present analysis.includes..an.extensive' series of added. resistance' :and..:

motion measurements., in a large. range: of wave' lengths:, fprwardc speeds:.and

three or four wave heights. In one particular case the influence of. surge.'.

was also investigated..
.

To a large extent. the results confirm. again, the linear:' reìation'.-between.

added resistance and wave height squared, 'at constant speed' and wave

length, at' least as a very good approximation which can be used for

practical purposes.

2. Measurement of the added resistance and motions in waves..

In Table i thé main particulars of the ship and the considered model are

given. The model was made of glass fibre reinforced polyester on a scale

of 1:50.

The bodyplan is given in 'Figure 1 and the teùt conditions are s11mmPized

in Table 2.

Four hip speeds were regarded:

Fù = 0.15 - 0.20 - 0.25 - 0.30.

For Fn = 0.15 only one wave 'height = L/50 has been considered.

The regular' waves were measured at a distance of 1 meters in front of the

model by means of a two-wire conductance wave probe. Additional measurements



Table.. ',. Wave conditions

vere carried out' with a sonic wave probe, which shoved a very' satisfactory

agreement with the results of the ''ormer one.

The test arrangement is given in Figure 2. The majority of the runs 'in waves
vere made with the model restrained in surge:, but free to heave and pitch, as
shown in Figure 2a and dùe care was taken to ensure a minimum of friction in
the measuring part of the heäve guide mechanism. The mean resistance in waves
was measured by means of strain gauge dynamomei ers of which the. output was
integrated over a full number of vave periods. A comparison of the results
of this resistance measurement method with results of the more conventional

.
SHIP MODEL

L 152.5 m 3.0.50 rn

L. 1511.7m 3.0914 .m

B
. 22.8 rn

. 0.1456 m

T 9.1 m 0.183 m

V . .17931 m3 ' o.i1i m3

21431 rn2 'O..9T214 rn2

'L .2782993 rnh1 0.141453

CB 0.5614 . 0.5614

C Ò.580 0.580
LCB 1 .68 % aft. L./2 1 .68 %. aft L/2
LCF 14.35 % aft. L/2 14.3.5 %. aft''T., '19.5 knots .,

0.219' '. ..

1.142.1 rn/sec

0.219

Cw/L

0.6
1f3

1.0 .. '1/50: 1/14 1/30
.1.2

1.14

i/5 1/0
1/

'1/'14.

1/140

1/3°

1/30

1.6 .
1/5e

1.95 ,' 1/50

904 SEAKEEPING

Table 1. Main particulars of M.V. "S.A. van der Stèl" and model.
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system, using a dead weight as shown in Figure 2b, showed only very minor

differences. The towing arrangement, given in this Figure was alsö used. to

investigate the influence of surge on the heaving and pitching motions and

on the added resistance.

The oscillatory motions of the model vere measured by two low-friction

potentiometers. It has to be emphasized that moderate wave heights vere

chosen in view of the applicability of the added wave resistance operators

and for comparison purposes of the results with calculations.

In Figure 3 the experimental amplitude and phase characteristics of the

shipmodel are compared with the corresponding calculated values. The

method of the calculation is derived from [7. In view of the bulbous bow

a close fit procedure to describe the czoss-sections was used.

There is 'a slight indication of non-linearity in the measured motion ampli-

'tudes, and a tendency towards better agreement with the theoretical values

in the case of small 'wave, heights. is. observed. For Fn = 0.25 the. influence.

of surge on the. heaving and pitching,.motions:.i's very small,. as sh'ownin'.'

Figure 3.,. There is hardly any difference in the motion' characteristics, -

whether the model is free to surge or not.

The added resistance in regular waves.. is: shówri. in Figure 14 for' the 'model.........

which is free to pitch and heave, but restrained in surge. In. addition the.

added resistance is given for the case where the model is restrained in

heave, pitch and surge motions. The results nover the. various wave height

conditioxs as summarized. in Table 2.

In view of the slight non-linearity of the vertical motions., there is

surprisingly little deviation from the square wave height law. This also

holds for the added resistance of the motionless model.

Figure '5 shows that the influence of surge on the added resistance in bow waves

is negligible.. This may not be true for fol2 owing waves.

The validity of the square wave height law for this particular model with a

low blockcoefficient is also clearly shown in the Figure 6, where added

resistance due to waves for the pitching and heaving model and for the

motionless model is plotted on abase of wave height squared. The standard

deviation from the assumed quadratic law is in the order of 3%, which

includes the measurement errors both in wave height and in the added

resistance.
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aLculaton. of the added resistance in waves.

Joosen calculated the added resistance of a ship in short waves by expanding

:4aruo's expression into an asymptotic series, with respect to the slenderness

parameter [6].

Taking into account only the first order terms,. he found a reasonable agree-

nent with the experiment, although this simplified treatment results in a

speêd independent added 'resistance. in fact use is made of the strip theory

to determine, the resistance force.. Of particular interest is the. expression

for the. added resistance given in [6]: . -

RAW = (Nz2 +. -. (2)

which is equivalent to Have.ock's equation (i)..

Equation '(.2) shows that the added iesistance can be regarded as a result

from the. radiated damping, waves.

Although not consistent with the mathematical theory the 'frequency of

encounter is used by Joosen when a ship with forward speed is considered'

As in the case of: equation (1) this expression does not take into accountï

the relative, vertical, motion of the ship, with, respect to the water.

Thereföre the following procedure is adopted for the calculation of the

radiated' energy Pof the oscillating ship. during one period of encounter.,

'We consider long±udinal regular 'bow waves. 'Y

Te L

'P = ji dt (3)

o

where:

where:

bt =N' - -, the 'sectiönal damping coefficient for spèed.

and V
'

- xb + VO - r , the vertical relative water, velocity

-T

displacement for a cross-section.. 'For this concept reference is made to

[7]. As V is a harmonic. fünction with amplitude Vza and a frequency equal

to the frequency of encounter We,, we find':

L

= W j b"vz2 b----
. (14)

o
I kz.

JYb
e dXb) is the. effective vertical wave



Following the reasoning given in the work being done by the towing

force RAW is also given by:

P = RAW (V + c)Te RAW.À (5.)

where.: c is the wavè celerity and À is the wave length.

Froi (1k) and (5) it follows that:

L
2

We za

o

From (6) it is clear, that the added resistance in waves varies as the

squared wave height, because Vza is proportional to the wave height..

We can distinguish two extreme cases:

a. A ship without oscillatory motions in waves. This occurs when the ship

sails in relatively short waves and practically no ship motion exists.

The. resistance,, increase in this cs.e is. caused by. what is commonly.. calL..

diffraction: effects. ..,.,.

In this, case.:

j.

h'ç dxb.
I (T)

-kT
We may write: r; =

where:

Because

We find:

k

2We

N

r; .= - w

kw2 2
RAW

k

Iv
-T

o

b. Also in the case of n scilatin.g ship in calm water the radiated enexj

corresponding to the motion of the ship is. the cause of resistance incr'

Here the relative vertical speed of a cross-section. xb with regard to t]

water is given by:

VZ = - XO + VO (.9)

$

APPENDIX .5 907

kzbye .d.Zb

*
-2kT

'e (81)

dxb (6)'
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The resistance increase follows from the equation (6) when the appropriate

value of V is taken.

From the fact that the speed V appears as a quadratic form in the inte-

grand in the expression for RAW,Ít follows that the resistance increase

in waves is not merely the sum òf the resistance increase of a ship

oscillating in calm water and. the resistance incréase of a motionless

ship in waves1

The equation (6') indicates that for the motionless ship in waves a finite

resistance is found which approaches zero only at increasing, frequencies

of encounter.

The resistance increase due to waves for the considered sh.p vas calculated

according to the equations (6') and (8).

The results. are shown in the F.gure. 14 The comparison with the experiménts

shows a very satisfactory agreement for the case of a pitching and heav.in,g

ship.

For the short waves (AIL < 0.8) the experimental values are somewhat higler

for speeds higher' than Fn 0.15. A possible explanation could be the in-

fluence of VISCOUS': effects, which are. not included in the calculation. Because

of the increasing: frequency of encounter the vertical water velocities increase

and consequently the viscous effécts could be more important.1 To' show thé

improvement with regard to Havelock's formula, the values of RAW corresponding

to equation (i) are given in Figures 1..

The resistance increase of the motion.ess ship is small but should not be

neglected. There is a fair agreement wfth the experiment at the lower 'speeds,

but at the highest speed, the diffraction resistance is underestimated.

Here also the influence of viscous effects may be the main reason for this

deviation, specially for high speeds and frequencies of éncounter.

With regard to the total added resistance in. waves' the differences are of

minor importance.

4. Conclusions.

From the analysis of the experiments and the calculations of the added

resistance the following conclusions may be drawn.

a. 'For the considered ship form the added resistance in waves varies

linearly as the squared wave height at constant wave length and constant
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forward Speed.

This. is also valid for the resistance increase of a motionless ship in

the same wave conditions: longitudinal bow waves.

b. The ad4ed resistance in waves can be cacul.tedby determining the

radiated energy of the damping waves. To this end the strip theory is

used, taking into account the relative motion of the water with respect

to the ship and a close fit procedure to discribe accurately the form

of the cross-sections.

e. The influence of surge on both the motions and. the added resistance in

waves may be neglected.
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List of SyMbols See:, also '[Tj'.

Area of waterpiane.

B Breadth.,of ship or model.

b' Sectional. damping coefficient for speed.

CB Block coefficient.

Cp Longitudinal prismatic coefficient.

e . Wave celerity.

Fa Wave force amplitude..

(Amplitude of excitation force in heave:).

F iroude number.

g '
Accleratiofl of gravity.

'L
Longitudinal moment' of inertia of waterplane

wIth respect to the y axis.

Wave number.

k. Longitudinal radius of inertia of the ship.

Length between perpendiculars.

Ma Wave moment amplitude.

(Amplitude of excitation moment in pitch).

Sectional added mass.

N' Sectional damping coefficient for zero speed.
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Damping coefficient for heave

N6 Damping coefficient for pitch.

RAW Added resistance in waes.

T Draught of ship.

Te Period of encounter.

t Time.

V Forward speed of ship.

Vertical relative water velocity.

Vza Amplitude of vertical relative water velocity.

X, , Z
Right hand coordinate system. fixed, to the ship.

Xb, 1b' 1b
Haul' width of designed waterline.

z Heave displacement.

Heave amplitude.

c Phase angles.

C Instantaneous wave elevation.

Ca Wave amplitude..

Cv Wave height (double amplitude)..

O Pitch angle..

ea Pitch amplitude.

X Wave. length.

p Density of water.

V Volume of' disp.acement.

w Circulaur frequency.

We Circular frequency of encounter.
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introduction

in this report a description is given of a computerprogram to calculate

vertical ship motions, shearing, forces, bending moments, relative motions,

vertical accelerations, slamming, shipping and. increased resistance in

regular- and irregular waves with the well-known strip theory.

For an arbitrary direction of wave travel irregular seas are süpposed to be

composed of uni-directional waves. The influence of the horizontal motions

has been neglected and for this reason the direction of: wave travel is

practically restricted.

For all sections, even bulbous ones, is made use of the Leis-transformation.

The-program is developed by the Shitbuilding Laboratory cf the University of

Technology at Delft, Holland.

For a more detailed information the reaer shóuld consult the used literature

as reflected in the references 1,2,3 ]

- 2-



1. General

The program has: been s:uited for the iBM 360165 computer of the Mathematical

Centre of the University of Technology at Deift, Hölland. Fòr other

computers some applications may be necessary.

1.1.. Data for the program

Language : Algol 60

Memory : 256 K

Calculation time : + min. per ship

Name of the program : TRIAL

1.2. Purpose

With the program at issue it is possible to- calculate several

parameters as mentioned in the introduction such as vertical motions

(heave and pitch), shearing forces, bending moments,, resistance

increase etc.

It is the intention to obtain data,, which are important to determine

the significant values o vertical motions, the power increase and the

chance of shipping and slamming in a wave spectrum.

These data among others are required for the routing of ships. -.

The significant values of shearing forces, and bending moments are

of interest for the determination of the ship's strength, whie a known

wave-load may be important for the construction and for "springing"

phenomena. -

And finally it is possible tò fit ail these data in a ship desig

prbcedure. - -



2.. Theoretical framework

In this chapter will be presented a' short description' of the way: in which the

calculations are carried out.

The calculation of ship motions in regular waves is based on the linear strip

theory as presented in [i j

For the different notations see [1,2,3]

The program, essentially made for a ship model, can be used for a ¿hip if the

modelscale=1 is introduced in the input.. The origin of the coordinate

system is assumed to be situated. in the ship's centre of gravity, which is,

considered to be in the load waterline.

Heave and wave displacements upwards are supposed 'to be 'positive, while t'he

pitching angle is taken positive for the bow downwards. See fig. 1'.

The sections should be at equal distance, while the midship section is

assumed to be at half the ship's length L. In length the ordinates of the

sections are taken positive for the sections forwards of 'the midship section.

A crrection for the situation of t'he centre of gravity in length (LCG) with

respect to the midship section will be carried out later on in. the program.

2.1. Statical calculations

The .sectiOn':offsets have to. be' introduced'., in a fixed way according: to';

Simpson'.s second rule as will be described: iñ chapter 3.3.1.

After determining of the 'sectional area's, the displacement' andthe

position of the.centre of.buoyancy'in'.length (LCB'> with respect to the.

midship section..are calculated.. if.the weight distrib.ution.is .known,

the integration, of the weight. distribution 'and' so the ship weights from

the bow to the sections can be used as an input to compute the s'hearing

forces and bending moments in still water for t'he sections 0,2,14 .....J.

See the additional input advice. 3.3.3.

2.2.Règular waves

After conformal mapping of the section to the unit circle according to

th'e well known "Lewis-form"transformation the sectional added mass m'

and damping N' 'are calculated [hJ . For bulbous sections an

approximation is, used in such a way, that the half beam y, of the

section at the waterline. is kept constant, while the draught of the '

section. T. is increased to such a value, that Lewis-form transformation
J

is possible. Care 'had been taken, that for numerical reasons this

limit is exceeded a certain value.

-h..
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In future there, will be published an extended comparison of the results for

several ship types according to this adaptive "Lewis form" transformation
with the results of other procedures as close fit,, MIT bulb_form[5J

Frank-method'. For pure head waves the direction of wave travel is
defined as radians .( i80 degrees) and for pure following waves 1= 0

in radians.It is'.advised to deviate not more than 77/6 radians ('30 degreeS)'
from these values in the case of an actual calculation.

For the calculation of the heaving and pitching motion the next e:uations

of motion., as presented in [iJ., are used

(a+pv)+bi+cz-d_eé_ge=Fcos(t,) '(heave)

cos( t+c. )(pitch)a e ..ç,

with the hydrodyn'nic coefficients
a,b,c,d,e,g,,A,B,C,D,E,G a1so according to '[1]

Fa = wave force ii't'ide with phase angle
Ma wave mcr.ent. a.lti.ude, with ph'ase. angle
k = longitudinaL radi'us..o inertia of the modei/shi'D,
yy -

V = voluie of displacemen:
= density of water..

In the..rogra.'n it is assue. that the'. wave, amplitude ç=i for 'reul'ar'waves.
The circular wave freijecjes -w. are derired from th'e:irtroduced'fe'cuen4e'sj
of encounter as denoted in 2.3.2'.e
After calculation of the sectional dd'ed: mass ri' and the damping ' the
following oarazneters are determined for 'each speed y, for each frecuency of
encounter and for each direction of wave travele
a. the, h7drod7nanjc coefficients of the motion eouations

a,,b,c,d,e.,g,A,a,c,.D,z, and. G [i J'
'o. the wave fòrces Fa and wave moments M with respectively the phase angles

c aride
Fç

The dimensionless wave forces end- moments are reflected as

F/cgAc and M/I1kç [i J

in which Aar of wate lane

g =acceleratior. of gravity

.k=2n/)/g=weve number

À wave length

= circular wave frequency

11= longitudinal moment of inertIa of waterplane.

(i)



C. the vertical motions,, heaving' and pit chin Za and with,

respectively the phase angles and .c.0,t1.

The. dimensionles3. transfer functions aré reflected as

Z,
and

0á/kC

d. the relative motions of loctions x with respect to the water surface

s (x) with phase angle e
a

The dimensionless transfer functions are reflected as

e. the vertical accelerations of séction. 0,2,4.............

y
2.

with phase angle c in which y = amplitude of the vertical

sh.p ntotio'n with' phase. anlec.

The dimensionless transfer 'ftirictions are reflected as

V
a. /
,j a

f. The mean. added resistance in vaves R '[3']

The dimensionless transfer functions are reflected as

in which '= 2.
w a

L ship/model iengh

.breadth of 'the :.idship section at the wate.rline..

if tue e.ights have beén introduced (see .3.3.3) the wave shearing

forces
a

and the wave bending moments
oa.

with respectively the phase

angles CQ. and [i]. .

The dimensionless transferfunòtion.s are reflected as

Qt'ØgL 'and

2.3 irregular waves

if the transfer-functions are known, it is' possible to calculate the

behaviour of a. ship or model in a wave speçtrum.

For an arbitrary direction of wave travel uni-directional wave spectra

will be considered. The wave spectra may be 'introduced in' two ways viz. as:

standard wave spectra computed in the program

measured wave sDectra' which have' to be. .jntrod'ucéd.

g.



in the first case hasP been made use of the general notation for a standard

spectrum with the next parameters

the significant wave height 1/3 and the average wave period .

This general formula for a standard spectrum reads as follows

S (w) = - ext(- -. )
Ç r s

'w 'w

in which A c1(113)h

c

and

C1, h, a, C2 and, b are coeffi'cients which are to' be introduced.

Anong others It is Dossible to choose the following weil knöwn spectra

The wave frecuencies w for which the traris,ferfunctjons have been calculated
¡n

will be recalculated into frequencies for the ship (full scale) with, the

next relation

The sDectra according to (2) will be conputed now on the basis of these full

scale wave freouencies
- s.

Afterwards the full scale spectra will be transforrnedto rnoeiscale a with the

relation

S(w)= S:(w5) (1)2
(6)

The general spectrum data will be deterrnine4 now for the case of zero ship

speed (se.e 2.3.1)

-8-

w =w
s rn

(5)

spectrun 3 r s C:1 h a 'C2 b

Perso" ios'oitz (ISSC'61,), 173/3
691

5 14 173 2 14 69 14

.Neuann 3823/3
69

2 382 2 5 698. 2
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In the second case, either spectra measured on sea or in a towing tank may be

introduced, however only on full scale.. So, spectra measured in towing tanks

for ship models first have to be transfOrmed into full scale spectra with (5)

and the inversion of (6)

S(w)=S ()a2 (T)

After introduction into the program these spectra will be recalculated in the

program from full scale to modelscaleawith the inversion of (5) and with (6).

Afterwards the measured spectra vili be interpolated on the basis of the wave

frequencies w for which the transferfunctions have been calculated.

The transformation for speed of each standard or measured wave spectrum will be

calculated as shown below in 2.3.2. -



2.. 3.1. Generai spectrum data

The area's and moments of ail, spectra are. calculated by means the

trapezium rule.

För each wave spectu.'n. the next parameters are determined

a. the variance or zero th
moment of the wave spectrum

-.10-

in which

the: second momen: of the spectrum..

m2 , Sç(w)dc

and the fourth mcr.ent of the spectrum

m=
:13)

the. average number of zero crossings of t'he wave per time

=
o 2n tim

y oc

the average wave period

ym2
(15)

the significant wa\e amplitude 'or the average 1J3 highest vaie of the

wave aznplitudes '

ai/3 o' 9)

the average 1/10 highest value of the wave amplitudes

ç

al/lO

th,e broadness factor of the wave' sp'e,cruin

'(8)

«vio)

'12 )1



the average number of wave crests and- troughs

1 2ir \/m2

the ratio

N

2.3.2. Transformation of the spectra for sDeed and direction of wave travel

För each directioñ of wave travél
i.i and for each speed and each rnéasured or

standard wave spctrum will be calculated either

a. the transformation of the spectrum for head waves with the relation

s( )

S(w )=
em

I1_ltvcosilw 1g,
em

in which the frequency of encounter

2W=w-vCOSU

and y = modél/ship speed

wave circular frequency

g = acceleration due to gravity

direct-ion of wave travel..

From (19) follows

wg/( 2vcosij) (i_I1_lwcosiwÏg.)

With (20) and the energy relation

S (w )dw = S (w )dw
em em m m

it is possible to derive (18).

For head waves

(rr+ rad)qi (rad) <(r- rad)'

( 6)

(18)

(19)

(.2o)

(21)

(22)

-11-
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The frequencies of encoúnter w should. be chosen in accordance with the

input advice in 3.3.2.

or:

b, the transformation of the spectrum for followin waves

For this case two situations should be distinguished in rel.tìon to the

ratio of the ship speed corrected for the direction of wave travel, vcosp,

and the wave celerity e : -

bl.If the waves are overtaking the. ship, so if c>vcos11 then Wem is.

determined in the same way as for head waves with (19). The wave frequency

W is dtermined from w in two ways
m em

bl.l. if c>2vcos,p then with relation (20) and afterwards the

spectrum should be transformed with (18)

b 1.2. if .0<vcosji<c/2 then .wg/(2vcosi)(1+y/1....iwcos.iw/g) (23)

and afterwards the sp ctrum should .be transformed with-sj
V1_1fvcos1iw/g

in the same way as. for head waves (2,1).

'The waves are overtaking the ship., so c>vcos , in' the case of 'zero. or

very small speed [6.]

b2.if the shi.p. is overtaking the. waves.,, so if vcosu>c then '

w=vcosiJw/'g_w .

. (25)

The frequencies of encounter Wem may be considered to be negative with

respect: to the. prec,eeding cases [6 J.

From (25) föliows the wave frequency

g/(2vcosu) (1+/1+Lvcos.iw/g). (26)

The spectrum should be transformed with

S(,)
s :( )

= m
('27)

C em Y1+vcosiw/g

in the same way as for head' waves (21).

It is possible. to choose only the area c>.vcosu with a boolean for a ship

with normal s:peed in following, seas. It should be remarked', that in' such

a case only a fart of the wave spectrum is considered..



S (w )=jz em

in which the dimensionless tratisfer-function

1H (w. )l =z / (wzç e a a e

The variance m , and i are reflected.oz al/3 1/10
b. the pitch spectruln

14

w
2 rnS(w) 2

in which the dimensionless transfer-function

fH0(.w)I = e,a/(kcaXwe)

2and k=2ir/w/g=wavenuxnber.
The variance m , e and O: are reflected.

00 al/3 al/lO

c. the spectrum of the vertical accelerations for the sections j0.,2114. .......

5A »em = 1v 2S (w )2 :( 33)

12 S(w) (29)

-13-

Thé right choice of the fréquencies of encounter is important, but also
difficult fcr the case of a ship on normal speed in following waves. The
preliminary advice is to avoid the point for which cvcosu up to a degree as
reflected in the inout advice 3.3.2.

in general for fö1löwiig waves hOlds,:

((2iî)- . rad)<u(rad)< ((2n)+ rad) (28)

2.3.3:i Determination of the resronse speòtra

For each directiOn of wave travel u and fOr each modelspeed aìid each
measured or standard wae spectrum is successively determined

a. the heave sDectrum

-v-

.(30)

(31 )

(32)



in which the transfer-function

Ft(w)I= V/C

while Va the amplitude of the vertical ship motion at section j.

The sïgdficant value of the vertical accelerations is given as

=2/
a. , oAj13 a.

j

with the zeroth
moment or variance, of the vertical acceleration sDectrwn

m I s (w )dwoA
) A. em em

a. j

d. the added resistance spectrum

S (w ) ='H (w )IS (wRAW em RAWC em C em

in which, the transfer-function.

I em)I =RAW/c2(w)

The average: resistance increase in a wave spectrum is Càlcu]!átedwit:

(w )d(w
RAW em em

oc

and the increased, power

- . xv

AW
AW

(Ep)

e. the spectrum of the re1ative motion for location (x)

2
S()(oi)=IH(w)l SC(Wem)

with the transfer-function

1H (w )I=s(x) em

while S ()
a = amplitude of the relative motion for (x).

(12)

( 31)

ç35)

(1rn)



With the zeroth momént of this spectrum:

m= JSs(x) emem (143)

will be calciated the probability, that a certain value f(c), for this
location Cx) will be exceeded viz:

=exp [_f2'(x)/2mOS(X)]

The number of occurrences per hour is found with

N = LPIs(s(x) 2w a

in which rn = the second moment of the relative motion spectrum (this2s(x)
¿

-
ti

moment is eaua]. tothe zero moment of the realtive velocity spectrum.).

f. The spectrum of the relative motion at läcation d for whch slamming and
shipping will be calculated.

For sh&pping the speötrum will be

with the transfer-function

JH

(.w ).=;

d
em

while for sh1ping is supposed to be the amplitude of the relative
motion

5da amplified by a dynezic influence according to Tasaki [8]

s
(148)

CB = biockcoefficient

With the zeroth moment oÍ this sPectrum

I',

m = S, (w. )dwOSd 5d em em
o

)
f(x]\/m25(

x3600
os(x)

)j2 s (.
Ç em

(145)

(147)

(49)
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the probability P will be calculated that the freeboard f, decreased by the
bow wave to the effective free board 'e' will be exceeded and shipping
occurs

[s a'e :i =exp[_f/2rnos
d

in which
3 BLf =f - -e

e

where Le = the entrance length Of the load waterline.
The number of occurrences of shipping or deck wetness per hour is found with

I
>pf'

]i2s'a
x3600

OEa e
a

2s' = the second moment of the relative moton sectru of
roat:on a. See also L 9

Fr s1az.ing the. spectrur will be

S ( )=I (w )12s (ws. em s,7e em
C..,

i:h the dimensjor:less, transfer-functon

2f

i ' I
J =5 /e da a

According to Ochi [7

(514)

slar_'ning occurs if there is emergence of the bow from
the water and if the relative velocity exceeds a threshold value

5M 0.093/ii (55)

The formula for the probability of slaming at location d with draught T is
given by

P[slarr.'.ing] = exp[ _T2/2m '2m '

.2
(56)

As previously tue number of occurrenc6 per hour for slanixang can be found
with

Nid 11.
P[slainzningj\/m2Sñ

x3600

(.53.)



,

¿! I
=M/pgL2B

while M,. = the anrnlitude of the, wave bending moment for section
oaj

and R are reflected in the output foi the sections j.Dal/3 'oai/lO

J'.

(61)

-17-

if the weight distribution is known and the weights have been. introduced
-

according to 3.3.3. :.

g. the spectrum of the wave shearing forces for the sectiöns j=O,2,1L1..J-2:

.'em'
'=H0.(i) 2em) Cp'gLB

2

(58)

with the dimensionless transfer-function
:.

=Q./PgLBc
(-59)

while
aj

= the ampiitude of the, wave, shearing force for sectión j.

a1/3,
and are reflected in the output for the sections j.

the spectrum of the wave bnding. moments for the sections j=O,2, .......J-2.

'(w)='IH
em'

{pgL2B}2 (60)

with the dimensionless transfer-function
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3. Operatiofl

3.1. General

The program operates in the technical units system (e.g. kg, m, sec). The
reflection of the output has been suited for the units ton (1OOOkg), m, sec.
Therefore it is recommended to use these units. The numbers may be

introduced seperated by a comma or by two or more blank places. At the end
of the program calculations the used input data are shown in the saine

sequence as these data have been introduced. See 3.l. and 14 It is possible
to run the program for several ships in one time.. The necessary data sets
can be introduced immediately after each other.

- i 9-



3.2. Description of the inpüt data

The units to be used should be in accordance with the advicé in 3.1.
ton (1000kg), m, sec. and radians..

The iumbers for the input of each ship should be introduced, in 'a sequence

as follows in the next table :

Symbol

Mathematical Program
Description and remark

nötat ion symbols

II 10,'1,2 I:; Number of positions of the
section contour for which the potentials should
be calculated.

For norzai shiDs I4.
For high frequencies I should increase up to 1

J JJ j=O,1,2 J; j=section index.
Number of sections J should be even.
j0 for the sternmost section.
Sections should be at equal distance.
Foz normal ships J20 Sée 3.3.1.

M m=1',2,3 ; xn=multipole index.

Number of po±ions for which the multïpole-
potentials should 'be calculated.
For normal ships M=3
For high frequencies M should ìncreaseup; to 17.
M=I-1,2....

QQ
Number of frequencies, of encounter See 3.3.2.

NV Number of model/ship speeds.

L Length çf model/ship,, mostly L
In every case L should be
equal to the distance between the section j=0
and the section jJ. See 2,. and 3.3.1.

p RHO Density of water in accessory 'diménsioris

G Acceleration of gravity

CA Ratio of displacement of 'ship including and
excluding appendices

AHO Number of directions of wave travel

Number of points along the half section contour
for which the half widths have to be introduced.
!v1P7,1O,13 See 3.3.1.

-20-



T.
J

V.

NS

BOOL

VGRC

y B(O:JJ,1:MP)

D.(O:JJ)

VV(1:NV)

SIGMAQ( i :QQ.)

L( i :NS,)

IF BOOL'TRUE'
W( O :JJ )

IF BOOL='FALSE
FACT

MIJR(.1 : ANO)

Number of locations for which the relative
motion with' respec.t to the water surface has to
be calculated.,

'TRUE' For calculation of shearing forces
and bending moments

'FALSE' .: No calculation of shearing forces
and bending moments is required..

'TRUE' : If only following waves are considered
with celerity c<v. cos1

'FALSE' : If al], waves ha to be taken into
account and for head waves.
See 3.3.2. Cd).

Half widths of the section, starting from under-
neath. B.(.04), B(O,2) ............

B(i,l), B(l,2) B(l,MP),
B(JJ,l),B'(JJ,2) .B(JJ,MP),
0, .50 e.g. B.

For bulbous sections : B>O0'i
See 3.3.1.

Draught of each section

Model/ship 'spéeds in ac,ces:soxy dimensions

Frequencìes. of encounter. See 3.3.2.
The values should increase from 1 to QQ for head.
waves

Length ordinates of locations relative to mid-
ship sectioa for which the relative motions
with respect to the water surface has .to be.
calculated,.
Forwards. of midship section. j=JJ/2 = +
For ].ocation L(NS)=at FPP shipping and slamming
will be calculatedL(NS)=L/2

Weights of the ship from bow to section j,
'starting from section j=O with wdisplacemnent
of ship. See 3.3.3.

Ratio of longitudinal radius of inertia and length
L.

Directions of wave travel in radians.
'For head waves + -

For following waves (air) -

-21-
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Math emat i cal Prograin
Description, and remark

notation symbols



1/3
P

Cl

C2

h
a
o

r

s

ALF

DELTAZ

F?
FD

FC

LE

IF PiERSO=' FJE'
ES (1: B?)

PM(1 :BF)

CFi

CF2
AH

AT
BT
HT
ST J

IF PIERSONFALSEt
GMOM( i :.BF, 1: GM)

GMSP(1 :BF, i :GI.!)

Description and remark

Number of standard or measured wave sectra

Number of freauencîes of the measured spectra
else an arbitrary number

'TRUE' : Standard wave spectra are desired
'FALSE:' : Measured wave spectra will be

introduced

Modeiscale. For a ship ALF1

Biockcoefficient

0.3-33
0.145

0.75

0.. 093 Dimensionless threshold veiocï-: for
slamming. See(55) of 2.3.3. (f)

Entrace length of the load waterline

Draught at thê location L(IrS) at F?? = a-t
section JJ for which slamming. vilI t-e -

calculated

Çoeffìcents for shipDing f:.ula's
See (148) and (52) of 2.3.3. f)

Significant wave height of the sDectrs.

Average wave, period of the spectra

Coefficients for the calculation of te
standard wave. Spectra

Seé 2.3.

AH.,, AT,. BT, .RT and ST have to be integer

Circular wave frequencies of the méasured
wave spectra
GMOM(.1., 1-).,GM0M( 1 2) GM0M( i ,GM)
:GMOM(2, i) ,GMOM(2,2). .. GMOM(2,GM)
GMOM(BF, 1) ,GMOM(BF.,2).. GMOM(BF,.,GM)
Spectral values of wave amplitude for the
measured spectra
Introduction analog to GMOI4(1 :BF, i :GM)

f(x) 1: NS Positive distances (free .board,etc) 'rom-the
load waterline, for wh±h vili be .ca1ulated..
the chance of exceeding by-the relat.:e. motion;.-
the last distance, F(NS.) at FPP=at section JJ
is used for the calculation of shippig and
siaing

Syrbol

Mathematical Program
notation symbol

3F

GM

PIERSON

a

CB

L
e

T



3.3. Additional, input advice

3.3.1. Section input

For the calculation of the sectional area's etc. has been made use of

Simpson's second rule. The sections have to be introduced in a way as showe

in the figure with a finer subdivision for the underpart.

'7,10,13 etc.

Bi ,Mp0' so e.g.

For bulbous sections

B >0 01. B'J3/2,!

'T. /;(_3')

The sections should be equally spaced, while the midship section JJ/2

is supposed: to be at half the ship's length L.

3.3.2. input of frequencies Df encounter

The choice of the frequencies of ncounter,. which has to be introduced is

very important. it is essential to obtain a wave, spectrum, which delivers

the same significant wave' height and average wave period as' has been

introduced, except for the case that only following waves are taken 'into

account, which re overtáken by the ship Çc<v cos:u).

For this reason the following procedure ìs recommended

a. Determine the average of the considered modeiishìp speeds

-23-
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b. För head waves the circular wave frequencies wV should be calculated in

the same sequence (from long to short waves) for at least the next 20 wave
length ratio's

AIL = loo, 8,hi, 2:.5,2, 1.8, i.6, 1.5, i.1, 1.3, 1.2,

1.1, 1.0, 0.9,0.8, 0.7, 0.6, 0.5, 0..I, 0.2;

with k=21r./X . Awave length, g= acceleration of gravity.

Afterwards the frequencies of encounter have to be computed in the same

sequence (increasing value for w) with e_0ShJ (62)

in which i direction of wave travel.

e. for following waves with a wave celerity c>vcos1J

'(e.q. for small ship speeds or v=o) the circular wave frequency w may be

determined for the same range of wave length ratio's as has been advised for

head waves (b). To check the relation between c and vcosi it is 'remembered

that e=w/k.. The frequency of encounter may also be computed with

w w-k vcosjj
e

while

(2v) - <.z< (2v)+v/6 (radians)'

For numerical reasons. take care, that c>1.1 vcosp

d' for following waves with' a wave celerity c<vcosj- '

the situation is quite differenti

For a ship on. normal speed it is preliminary advised to take into account

only that part of the wave spectrum for which c<.95 vcos3i
The circular wave frequency w=vÇ should be calculated for the next small

wave length ratio's in view of the power increase, only

A/L
=0.30,, 0.28V, 0.26, 0.25,, '0.214,,. 0.23, '0.22, 0.21', 0.20'

0. 1'9, 0. i8, 0.17,'0. i6, 0'. 1'S, 0.114, 0,. 13:, 0.12, 0.11, 0.10,

The frequency oÍ encounter may be computed with

WekVC0S1J_W (63,)

with (2v) - qj< (2n)+



Remark : For following waves with a wave celerity
c>vcos,p, (case e) the

frequences of encounter, derived from a range of waves with de
creasing lengths, are not always increasing. These frequencies are for
this case Cc) increasing up to a value for w'=g/

(VC0S1.L=C)
and afterwards decreasing, to w =0 (vCos=C),

afterwh'ich the' area is
reached for which c<vcosU (case d'). Nov the frequencies of encounter
áre again increasing with decreasing wave, 'lengths.

3.3,. 3. introduction of the weights

To obtain the shearing forces and bending moments it is necessary to know the
weight distribution of the model or ship. The integration of the weight
distribution and so the model/ship weight from the most forward point of thebow to the sections j has to 'be used as an input, as shown in the figure below.

W0=total

model!
s hip

weight

o
APP

w.=model/ship weight from bow t'o 'section j

L

10

jJ
FPP

To avoid wrong values for the shearing forces and bending moments, it is 'very
impôrLnt to take care that the total ship weight (=w is equal to the weight
of the ship's displacement (DDPL)', while the ship's centre of gravity (LCG')
should be in equal position in length as the centre of buoyancy (LCB). DDPL and
LCB are calculated ìn the program, but they have to be known in dvance for
adjustment of the v-curve,. Therefore it is recommended to make use of the
program to determine these values. A calculation time of 1 mìn. is sufficient
to obtain DDPL and LCB.
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Afterwards it is possible to adjust the w-curVe i s.uch a way, that the

above mentioned COnditions are fulfilled. For this adjustment of the weight

curve w. the following procedure may be useful

The area of the weight curve w affords the total w. eight moment M

with respect to section j=O (APP).

The ship"s centre:' of gravity in length (LCG) with respect to the

midship section' JJ/2

LCG=M / -L/2 (614)w w0

The mass moment öf inertia with respect to the ship's' centre' of

gravity can be determined in advance, and i's also calculated' in the

program with : FPP

1k2.yPV=2
j, WjXbdXb_WOXLCG2 (65).

APP

3.14. DescriDtion of the output

As denoted in 3.1. the reflection of the output is according to the units

ton (1000kg), m, sec,.

If a number is. too large to be reflected with the accessóry format,, first'

the decimal point: is shifted a'ftervards. if this. is not sufficient so many.

digits are omitted, that the number denoted' with. a fits in 'the field.

The output, shown' in 14 where an example is gIven,, may be divided into. the,

next. four parts

1. the first part (one time) with

the frequencies of encounterc

the ship .speed y

the sectional area 2xA.
j

the displacement of ship or model pgV

the centre .of buoyancy in length with

respect to the midship section (LCB)

if the weights have been introduced

(.200L'TRUE').: the shearing forces and

bending moments in stil]. 'water for the

sections j=O,2,14....J-2

resp. j, Q, M8.



2. the second part (QQ times),see 2.2. ,with

per frequency of encoi.nter we: the sectional damping and added mass

resp,. j, N' ,m

The section nwnber is marked with a , if the

adaptive "Léwis-fòrm"tiansformation has been apiied for this

section. See 2.2.

per direction, of wave travel u

per frecuency of encòunter

Der model/ship speed y (Fnuriber of Froude)

the wave coefficients

ave frecueny w

ave rti.ber k

a:e leng:h

wave length ratio AIL

apparent wave length A/IcosuI

SÇRT LILA :vf7x

the hydrodynaic coefficients for heave and pitch

addedmass a, hi ¡nasspV, total mass ap

b, c, à, e, g,

mass moment of inertia A,,

mass moment of inertia of shiD k
-- yy

total mass moment of inertia A+k 2oV
yy

r
i , i

the wave forces and- moments

.;litude Fa, phase (in degrees) coefficient

amlitude :.:a, phase (i degrees) c, coefficient Ea/gI1'ka

the vertical motions

heave amplitude Za=Za/ ç, phase (in degrees)

pitch amiitude theta
0a'

phase (in dereesk8 thetaI

wave sloDe ê /k
a a

the relative motions for location x

length x, aplitude s (x)s (xJ , phase (in derees)c5
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the vrtical, accelerations

section number j, amplitude y 2, phase (in degrees)

the added resistance

RAW, RAW_non dimensional = /pg c( B2/L)

the weights have been introduced (BOOL:'TRUE')

the wave shearing torces and the wave bending, mornents

even section number j, amplitude
a'

phase (in degrees)

ainp1itud'e (non dim.)Q/pgLB

still water. (value) Q

amplitude M. , phase '(in degrees)c,.
oa

amplitude (non dim.

still water (value) M,
os

3 the 'third part (AHOxNVx3F times) (see 2.3.).with

per direction of wave travel u

per model/ship speed. v:

the s'eas'oectrum for zero .seed, as introduced for the mesured

sDectra or calculated, for the standard spectra

omega , wave sectrum.-S(c)

ampl. 1/3=1/3 , ampi. 1fiO=1f
10

broadnessfactor (es)= t

o
ri =r

¡1=N1

No/N 1!'i
i

See 2.3 and'2. 3. 1.

perdirection of wave travel -

per model/ship speed y (F number of Froude)

per spectrum

the wave spectrum transformed for speed

omega w , 'wave sectrum S ( )em C em
with the generai spectrum data as denoted in a.

) oa/1a



the.heave spectrum S .( )

with Mo=m' , ampi. 1/3Z113, 8fl1i.

the pitch spectrum

wit'h'Mo=in0, ampi., 1/3=11/3, ampI.. 1/10=0

the added resistance spectrum

with added resistance

and' power increase in EHP

the probability of exceeding a value f(x) b1 the relative
motion

for location x

length = x, F=f(x), probability = P[s(x)f(x)j

Number per hour = N
s(,x)

the probability of shipping and slamming

for location d=at FPPat section JJ.,

length x(d,),, F=f, probability P[s
'dfe]

Number per hour = N5, shipping
length '=x(d), F=T, probability = Pfsiamming]

Number per hour = Nsld, slamming

the vertical accelerations'

section number j,, ampIa 1/3=
1/3

if the weights have been introduced (BOOLtTRuEf):

the wave shearing forces and_bending, moments

section, nuniberj, ampi. '1/3='a1/3 ampi. 1/1

at/lO'

1 /'1 O
ampi. 3ba113 ampi. 1/iO='

í1

1L the fourth part (one time) with

the input data in the same sequence as they have been

introduced. See the. description of the input data 3.2.

-29-



14.. Exanmie

An example of the' output divided into four parts has. teen shown .on the next

pages. See the description in 3oh.

The fourth part is also añ example of the input..

With this example it is possible to check the programo

The example has been shown one t.me for each part..
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DAVIDSON A )ESfFOYE

LEWIS RAÑSF0RM

FRCQULNCY OF 1.rlCOUfflja :

1. 56,

SPEti 11.145, 18.615

VERÍICAL SHIP M)1IOLS P4 EffGÙLAR WAVES

SCTI(iNAL ARrEA

SECTION AREA (12) iI ï.

4,9)
i 11
2 14.2 12
3 1) 40 13
4 2.4:,23

5 29o4
6 3329 ¿6

363 17
8 39:21. 18
'7 40.82 19

10 41.13 20

DISPLACEMENT = 3429. 073. iON
LCO = ¿.013 M

WAVE AMPLITUI)E EÎA 1.J M

STILL
SECTION SHEARING FORCE

(TON)

13.333
55.75b
8.6.0o7
86. 0( 1.

70. ÚtO

16. 751.

42. 225

101.024
94.773

.081, .359,
Ic6'?ò 1.337, 2j, bbb 5J9(1 4.0)I

AREA (HZ)

41.20
40 20
38.56
3 6. 08

33037
29 64

20.68
14.21

00

-I A T I R

DtNDp4 MOfIENT
(M. TON)

193.008
5l) 536

1367.631 -
2392.65')
3331, 931..

3843 03
3678.198
2970482.
1922.129
734.416

OUTPUT FIRST PART (ONETIME)

05b, .787, 923, 997, 1 087, 1 140, 1 O9, t 1 '4S, J 438,



OUTPUT SECOND PART (QQ TIMES)
I .

FRQLJLNCY OF E1COuÑT »1EG4t) 1 087

SECTION DAÑPflIG DE) 1ÂSS
TiThSC/M ¡üNSEC2/M2

O 2JO4 2C306
i .3 69 2.. 56
2. 444O 3.535
3 4957 335
4 5143
5 5-227 3-927fl 6 526 3.34-7

r 7 5139 3)7
8 5ß5 4 125
9 4,4ú 4188

434U 422l
11 41Oi
12 4O8i . 3.. 66
33 33ò7
14 2 319 2676
15 . 1.141 2 586
1 .193
17* .J34 gr5

2.323
i9* .325 1673
20 .300



DIRECTION UF WAVi i.ALL = 3 142 RA0

V = 11.845 i/3C F4 = .350

WAVE FflIQuLNCy = /s:c WAvL: r K
WAVE LFNTH = 159.753 1 WV LtNr,rlI RATIfl = I. 3#R JPPAF&'1T vr LF!CH =

IIYDRI1IDYNAMIC Cfl:FF1Chi1T :
H AV

WAVE F(RCES 470.329 lUN
WAVI MCMCU1 S i 7O97 21 MIOPI

VERTICAL MC11C,NS

HEAVE : ZA .= 1.1331 M PHASE = 67. 975 DCGR..
PITCh ; 1Ht±TA = A7 DtG, Phl4$. = 13ß .353 DCf T9TIWAVC SL; =

RELATIVE MUTIONS

LEPICIH AMPLITUOP. PII4SE
H M 0L3R.

60.340 .363 161,745
44.760 3?73 i.15.066
56.440 'u15 i22 990

PI ICH

ADDED MASS HÜ'4E1T UF INTIA Ak = 3791 58. 264 tiTONSEC2 CC = M266ñ.. 913 MTON
MASS M1*IrVI 0F SHIP = iL2642 855 MTOSC =2.4'.00S TIWS1-r2
TOTAL MASS MiMENT = 691801.118 flT1rC2 - = '2'0 4Q1 I1FISC
OAMPIP.Ç, P.O = 43916% 326 MTOIISEC 12N'5 TM T:1N

AMPLLT.Ä)C PHASE(IN DEGP.P CfliFFICIWT

15.127
80. 611

428
466

OUTPUT CONTINUATION OF THE SECOND PART (QQ TIMES)

ÇI .,/ s

AD)EO MASS A = 39oU.1C1 TfUISI:C2/M, C = 1]0OihR TD"WM
SHIP 14455 s 35..'18 T(I'ISFÇ2/M t) = 264? o)5 Tf1k15C2
TOTAL MASS = 743.4'+3 TthISEC2/M = 1 3'i46 fl4 TO'IC
DAMPING 13 = 4114O TilISLCIM r, = _)(j(fl5r)54 TiJ



ADDLi) RESiÏ4NCE
RA1 = í33S2 TIN
RAW NiH DIM, = 4.2'?

SHAIN F3.iCES Ifl9IT

ÓUTPIrÍ cONTINUATION OF THE SECOND PARE (QQ TIMES)

ACCEL pm zen s

SECTION AMPLITUi PHASE
M/S.C2 DI3R

SECi1Oi

O

AH9LITUDL
(TC*i)

2,6ó

PiIASf

1141)

AMPLI TIJP
(N'!Ñ D! '1

'iO2

STILL WER

1833

AIPL ITtI1L
- (II1N)

30300

PH1.. .MPI II'I"
U!v1N pp.i, ).

56-25 r'

C7 WFO

2
4

8.50u
79.879

47, 335
6i.28 ..)26

-

55 7t,
. I'7

8132Q
R657

21,f.67' 711
.1101

rmç
r,fl5

jI
1iO»7 77. ci5 )74 1R&fl.O2 53.. 39 1! 1 2 i''7. )

8 117, 52 9Ii7 ,'C7') 70,140 3192,8Th 7,, '74 .0!'i 3411. Cl
1.ï 111.841. iL3 562 C6O 16 7i 16C '81 77 752 1174 l3(8 1'R'
12 Z672 i6 118 .2 25 463 l8 '17 ,"q 1(19
14 85.852 7) )15 058 75 99 417P,70 3 71 ,.14 7Q7fl,4
lb i66.7L 265 2q11 i IJfl 1124 ?f,7 741 77 (119 .11lÇ q''
10 19.i1U ¿57 1180 )fl7 94,773 1..482 72 Rfl .fl0S 7'l6.4F

O 1.C)32 2433u9
2 1.162 259.527
4 3ó3 b83JJ
b 1,50ô 7,573
8 1,33i 73.42

2.172 63. 58
12 2.i73 -o4,Ç)6
14 2.72 Ó2.t5
16 3.J6 -9.c')4
18 i13 53185

3q73.. -5o,,'34



F

ÒIREÇI ION OF WAVE TAVL 3 142

V = 11.845 M/SC F = 350

SEASPCCTRUM F) ZL P.jj
SPcCTRUM : I

OMiGA
1/3 IC

WAVE PCÏRUM
M2SLC

271 .UU0
287

.553 .139
584

.621 .i59
42

.665 .475
ógi oU
72U .547

..753
v.791
c835 .t97
_5O

L 028 76
L128 .19
1o265 .i19
L465 .ÛL

WAV E

MO = M.2
AMPL 1/3 = Lo(i357 M

AMPL 1/10 = 1.OS M

BROA)NE55 FACITh1 hJS) = .,446

f40 =
1 6.)6 LC

Nl = 163
NO/Nl

O(JPUT THIRD PART (MO x NV x BF TIMES



DIRECTION OF WAVE 14VL 31,2 RAU

V = 11.845 M/SEC FN = .350

ßROÂDIE.S FACTOR (LPS) = 624

= ,316
T = 3165SLC

Ni. = .405
NO/Nl = .781

HEAVE

MO = .18911 HZ
AMPL 1/3 8b99 M

AMPI i/IO 1..1L'91 M

PITCH.

MO

AMPI 1/ =
AMPI 1/10 =

.139Th DiGR0
.7477 DEGP..
e 9533 bR.

ÓUTPIff CONTINUATION OF TÑE THIRD PART (AHOx NVx BF TIMES)

SPECTRUM -: i

3MGA(E) WAVE 5iTgu;i HUAVE SPCTRUM PITCH SPFCTP.!JM ADOH) RESIST SPECTR

.081 .uoo .000 0O0 000.359 .OuO .000 .,000 .000
o568 .&0 . .0(0 :OCO 000.787 ,C10 .021 .00Ó 036.923 .u59 .237 cC'O

997 .099 - 460 .000 2.. 337LÔ87 .144 4508 ..00C' 3.3531.140 .65 .434 .000
1199 .i82 .35 .000 2.9881.268 .195 .232 .000 . 2.5611.346 ..0O .142 .000 2.1091436 .137 .072 OOC) L636i46 .185 r.028 c.)fl0 1.17OL676 .6S oOOl .000 .7701.837 ..L.9 .001 :O0 5102.039 .iu.9 ('flU . .000 :3632,304 .1.79 .000 oO0 .2312.666 .52 - .000 O00 1203. 19? .029 . Cì0 .. oóo 0564058 3 .000 .000 .019

WAVL

KO . = .26b97 HZ
AMPI 1/3 = 1.0372 M

AMPI ¡/10 = M



RELATIVI MOIIONS

LEr1GI1 (MI F PROBABILITY

60.340
44. 160
56. 440
5o. 440

ACCLL CR47 II)NS

SECTION ÂMPL 1/3
M/SfC2

2,170 O0O0
5.130 .000j
5.13e .()377
4.2tC, .00OO

ADDED RES!5T4NC.. = 'e 084 TVI
P0wR INCREAS. = 645.011 EIIP

OUTPUT CONTINUATION OF THE THIRD PART (AHOx NVx BF TIMES)

NUMBER PER FIflUR

.0

.0
31..4 iIIppP'jr,

.0 SLANMINc

SÉ CT I ON

ShEARING F0CE (rON)

AMPI 1/3 AMOL 1/10

1ENDTNG MOMF7IT (M,TON)

AMPI 1/3 AMPI 1/lfl

o L.7502 ?.,2315 i 77 2437 275 9857
2
.4

5 90.3 35.)
94. 82ti

íì 76 2900
12fl.. 8735

413.. 8428
1256.0072

5?? 6496
1601.. 40 92

6 100,7752 1?O 7434 2234.9364 2869.. 5439
8 96.1023 122 5305 3011.7106 3839.9310

10 84.L337 107, 27Ô4 3404, 3772 6340.5809
12 73,6582 93 91 42 327h6721 3827
14 86.8832 110e 7761 -2594.1.995 307 6044
16 1Th, 6748 136, 0103 1490,5943 1900. 5141
18 69.2881 88. 3423 443.7388 565., 7670

6
6
ti

10
12
14
16
18
20

o 1.. 740
2 10 37

1.. 540
h 451 -
1.376
1.321
1.325
1.403
1.09
h626
1.750



u)
O) INPUT

= 6
JJ = 20
MM 5
QQ 20
Ñv 2
LL 1I6.7T
RHO ..1345
G = 9.81

= 1OO'0
AIe) =. 2

= Io

TPUT
INPUT FOURTH PA'« (ONE T )

!.1s. 3
¡303L=ÏRUL
VGIC=FALS

(0:JJ,O:MP-l): 73b L2i5 35 15'3 2269 2. 3474 352 z. 'co .on.0 50 iO4 12? 2 491 401 4 711 fli '
..L.J0 65& 1,031 1.41.6 ?.ol7 17#,? £. 57i 4,.6r 4. (37 t49

jJLj
.LQO 54

910
1.011

i 35
,L410

6'4 4 R)t
2731 4fl7 494

c 'i
54flC?

5 .,

5., 610 7".t.iû .556 r 977 1.466 2.165 4fi63 4,04 5,Çc0 5,.1J
.i.'4 -818 ì..3e 3ç.ç isr i 'r t.
.134 1.140 1.,700 2.flO 4.. 360 5.21O 52" 6.r.'Cj 1i(.'J7 .-60 2 13) ¿ 610 3,740 4 M' 5,431 s 07) 1, ,t' . ,c'.ö,
8i5

h9)0
J 9) ¿..4a0

(70
2,°70
3 170

405:) 4.880 5..580
4 25' 5 07( 5 60

6f?0
6 6'

6 2.)0
6 fl0

6
6

O9fi 2 670. a. 17c. 4 250 !,fi70 SO67O 5OQ40 6,060 6. 11(I"O 2 670 3 170 '. 75C 5 rn 5 5' S 72fi 5 701 r 71.0 ,67O 3.:170 4.250 4 970 5.320 5..'70 5. 250 5.210.5
OO

1.50i )0 .2 670
¿,Th

3.170
3.170

4025C' 4 840 5,Òn
4 250 4 6'O 4 5M'

4.820
4 7i1

4. qc,
3 0')P

6.4.71

bu5 i )5 2 670 1 17fl 4 031 4 ?Q( 4 O3( r3.) 2 iflI 7 )"
8J5 1.)0 2 620 3030 I 69( 3OR'.O 1,SSi) P7(1 2 'r '

,bu5 i.scm 2,330 2,690 3,220 3. 23 ? 870 2. 1) I Sfi i 4»(
u54 I 'tiO 362) 2010 ..' 241 1 R'0 I 'QÇ) Ç3fl

,uUO 0'() 000 ,0')0 ,C'1fi ,flCfj ,firfi ..rr

IIU):JJ) : .i63
's. bU

L471
4e 20

2000
4.260

,2.97
4 260

3113 3695 4260
4.2(.() 4 260 .. 100

' 2'fl 2w ' ".0 L p6'.' 4.f0 L 76" ', 260

VVU:NV) 11.84

SIGMÁQ(1:QQ) : ,CBA 359 .568 787 .923 .997 1,087 h''.fl 1..I99 .7''8 !.,&4' ,/SR 1 1 6Th1.837 2.039 2.3Q4 2.666 3,197 4O5

L(1.MS) -6J.34 44«76 56-44

W(0:JJ 3447.'t 13c5, 25 325946 .13. ?O 2997.45 2834,24 264,5 2643. 34 2226, 41 ?ô0°, 47 7Q 5 151R.. M' 66 1141 7293.51 138.697 560229 397.i26 4387 ll7..Ol,i ,ono

t;i;i ti; AHO .&ì0) 3.142



= 6.
GM = 20
PIERSON TRUE
ALF = 1.000
01LTAL = .536
FP = 333
F0 = 450
FC 750
LE = 50,C)
OP 4-260

ÏÏ-'UT N1.1ATIO n: FOUTI PA FT (ONF T.E

F(1:NSI

HS(ì:UF)

PM(1:BF)

: ¿.17

2.15

6.50

5.13

2.91)

720

5. 13

3,75

7,80

4.J5

8.40

6,20

9.00

T45

.50

CFI = 172.600
CF = 691.200
AH = 2¡= 4
BT = 4
RT = 5
ST 4



5. Structure of the program

5.1'. General

The structure of the program is according. to the description in chap. 2.

After the decjarations of real and integer numbers the. dIfferent procedures

foÏ]ow.

Afterwards the Statical calculations are carried out and are. followed by the

computations of the response. functions in the first block. At last the

behaviour in irregular seas is calculated in the. second block. See the flow

diagram in 5.2..

The next part of' the program, which will be carried out is clearly denoted

in a star block.

5..2. Schematic flow-diagram

The next pages show a schematic flow-diagram of the rogram "THIAL". First.

a review of the tötal program is given. Afterwards a more detailed flow-

diagram of the first and second block are shown in a. schematic way too,

-.4o_



(Th

Schematic flow-diagram of "TRIAL"

( SBSL TRIAL)

i

DECLARATI ONS

ND
OF

NFORMATION
9

PROCEDURE
BLANK (D,N

PROCEDURE
FIX(DN,N,M,X1

FIRST BLOCK

EGULAR WAVES

SECOND BLOCK

IRREGULAR WAVES

STOP

¡INPUT

/
HEADING

/OUTPUT

/
'HEADING

1/INPUT :

II,JJ,NMQQ,NV,
U,RHO,G,CA,AHO,

j MP,NS,BOOL,VGRC

YES



Schematic flow-diagram of the first block of "TRIAL"

INPiJT:.

FACT
NO

DECLARATIONS

PROCEDURES :.

LINORT (A,E,N, LAB)
SIMP (A,B,N,F)
DRIAR (A,B,I ,Z,F1Z)

FUNC 1(x)

FIJNC21(X)

SUM(I ,H,K.,TI)

QS

LEW1S(J,A1 ,A3)

/INPUT
/ B(O:JJ,1:MP)
f D(O:JJ)
/ VV(1:NU)

f SIGMAQ(1:QQ)

/
L(1:NS)

BOOL

/INPUT
/ MUR( 1 :AHO

/ OUTPUT OF

/ STATICAL

/ CALCULATIONS

OMEGA(MA,K,Q),
MA=;( 1 ),AFtO

'K=1,(1),NV

Q=1,(1),ÇQ

HQ=i,(i),QQ

YES

X ,Y ,BETA(O :11 ,O:JJ

SECTIONAL ADDED
MASS AND DAMPING
DMACCDX (1:JJ)

,( i) ,AHO

INPUT:

W(O:JJ)

(FIRST LOCK}-- REGULAR. WAVES



Continuation of the schematic fiöv-diagram. of the first block of "TRiAL'

EADY?

YES

(END OF THE
FIRST BLOCK

NO

WAVE COEFFICIENTS

/
/ COEFFICIENTS

/
FOR HEAVE ÄD PITCH

I WAVE: FORCES AND

/ WAVE MOÌ.IENTS

/
VERTIÇL MOTIONS /

/ RELATIVE I4OTIONS/

/

¡ADDED RESISTANCE

YES

YES

SHEARING FORCES
BENDIÑG MOMENTS

NO

17 _j.I 3-.



Schematic flow-diagram of the second block of "TRIAL"

(SECOND BLOCK

DECLARATI ONS

INPUT: 3F ,GM, PIERSON

PROCEDURE

TRAPREG(XX,YY,NN,INT)
U1TVOER( I)

[INPUT
/ ALF,DE]TAz,F
f FI,FC,CP,LE

/ DP,

/
F(1:NS)

MA=i.,(1 ) ,.AHO

=1 ,.( i) ,NV

NO

IINPUT: GMOM

I GMSP (J:BF,1:GM

f SEÄSPEÒTRUM

j FOR ZERO SPEED

/
(MEASURED)

UU= i , (1 ) , BF

INPUT :

HS(1 :BF)
YES PM(1BF)

CFi CF2 , AH AT

BT,RT,ST

/ WAVE SPECTRUM

I HEAVE SPECTRUM
i PITCH SPECTRUM
/ADDED RESIST. SPECTR

/RELATIVE MOTIONS

ACCELERATIONS

-J IRREGULAR WAVES

ISEASPECTRUM
f J.OR ZERO SPEED
/

(CALCULATED)
i



Continuation of the schematic flow-diagram of the second block of "TRIAL"

I DATA

J,

OUTPUT
i

fiND OF THE
LECOND BLOCK)

ISHEAR1NG FORCES

f BENDING MO!NTS/

-b 5-



5.3. Job information

The job information is depending on the computer type, the compiler, etc.

For the IBM 360/65 computer of the Mathematical Centre òf the University

of Technology at Deift th job information consists of minimum 13 cards.

The first card contains. the. jobname, the projectnumber, usersñame,, the

expected cai.cuiation time and the required memoryo An example of the job

information for "TRIAL" looks as follows

Before the program

card 1 : //SBSLB2 IJUJOBU.( 01 72,A), BIJLSMA ,T1ME= i Ó ,REG]0N2 56k

card 2 //JOBLIBUDDUUDSN=SYS2.NUMLIBDA,DISP=SHR

card 3 //UUEXECUUALGODCLG,HEGI0N256K,sGZ=' -20'

card //ALGOL.SYSL1BUDDUDSN=SYS2.NtJML1BDA,Disp=sHR

card 5 //ALGOL.SYSINUUDDUthç

The program is closed with

car6 /
followed by the card before the data. set

card 7 //LKED.SYSLIBtJDDUDSN=SYS2.NUMLIBDA,DIspsHR.

card 8 : //G0.ALGLDDO2UUDDu1JSySOUT=A...

card 9 : //GO.PRINTERUDDUSYS0UT=A,DCB(RECFMFÄ,LRECL81 ,BLKS1ZE8I,)

card' 1:0 : //G0.SYSiNUUEDtIU

card« il : commen.t.(e..g:. the name of'. the. Ship).

The data set is closed with

card 12 : hi
card 13 II

Remark : If no comment is required card 11 should be a blank card, while.

on the other hand cards may be added for the comment.

The sign U denotes a blank space..
.

-46-



5.Ii.. Listing of principal computer variables

Symbol
Description and remarK

mathematical Program
notation symbol

a3

a.

A.
J

A

A
w

V /Ç
a a

h

A1 Coefficient of Lewis-form transformation

A3 Coefficient of Lewis-form transfornation

A114 Added mass of ship or model

AA(o':jJ) Half sectional area

AA 20 Added mass moment of inertia

ÄAW Waterline area

ACC(1:AHO,i:NV, Transferfunction for vertical acceleration
1 : QQ. ÜO .. 5JJ )

AH Coefficient for the calculation of the
standard wave spectra. See 2.3. and 3.2.

Ai-IO Number of directions of wave travel

ALF Modelsëale

a AT CQefficient for the calculation of the
stafidard wave spectra,. See 2.3. and 3.2..

y B(O::JJ,1') 1alf iidths of the section. See .3.2.

A.:(y xT) BW he sectional area coefficient
J W

AA(J)/B(J,NP)xD(J).

b B15. Damping coefficient for heaving

B BB21 Damping coefficient for pitching

8 BETA(O:Ii.,O:JJ Angles of positions along the section cpntour
with respect to vertical symmetrical shi plane
for which the potentials are calculated after
transformation

BF Number of stan4ard or measured wave spectra
Sèe 3.2.

BLANK Procedure for the output of blanks;
Own prdcedure of Mathematical Centre

BOOL Boolean for the calculation of shearing forces
and bending moments

b BT COefficient for the calculation of the standard
wave spectra. See 2.3. and 3.2.

-



Symbol
Mathematical Program

Description and remark

notation symbol

-48-.

ci'6 Statica]. coefficient for heaving

CA Ratio Of displacement of ship including and
excluding appendices

CC23 Statical coefficient for pit'hi'ng

CFi coefficient for the calculation of the
standard wave spectra.:See 2.3. and 3.2.

CF2 coefficient for the calculation of the
standard wave spectra.See 2.3. and 3.2.

COSMUR The cosine function of the direction of
wave tra. el i

CP Dimensionless threshold velocity for
slamming. See 3.2.

D(0JJ) Draught of each section

D17 - Mass coupling coefficients

DELTAX . Distance of centre of. buoyancy with respect
to the midship. section .(JJ/2.)

DELTAZ' Biockcoeí'fi'ciént. See. .3'.2.

DDD(1:'AHO,i:NV, Dimensionless trans'ferfunction for the.
î :QQ,:0 :0:. 5JJ) shearing forces.. See 2.3.3.1 (g)

'DDPL Weight. of displacement of shi.p:'or. model:

including., appendices:

DDS(0::O.5(JJ_l)) Shearing force in still water

DMÇl:6,O:.JJ) Total sectional forces and momentS

DMACCDX('O::JJ) . Der-ivated mass value for a section

DF Draught at the location L(NS') ('=at FPP)
for which slamiing will be calcu.ated

DRIAR Procedure 'to calculate the seòtional
area's according to Simpson's. second rule

C

1:

s

T.
J

d, D

LCB

CB

gLB Ca

pg V

din'

dx

T



Symbol

Description and remark

Mathematical Program
notation symbol

e . E18 Coupling coefficient for damping in heaving

motion.

E EE2O. Coupling coefficient for damping in pitching
moti,òn

e) EKST(O:JJ, The natural exponent for an effective draught

1:NV) of each. section (Smith-effect)

f(x) F(1:NS') Positive distances (free board, etc,) from

the. waterline for which will be calculated the.
chance of' exceeding .by the relative motion.
F(NS)=free board at FPP.

FASEPSI Phase angle of pitchin.g motion with. respect to
C the wave motion

FASEZ Phase angle of heaving motion with respect to
the wav.e motion

FC . Coefficient-for shipping 'formula
FD. . See. ('1i8) 'and (51') of '2.3.3. and 3.2..

FIX Procedure for fixed point data output

F' .cosc 'FF1 The cosine part of the wave forc.e
a FÇ . . .

Fas.inF: FF2 The sine part of the. wave force

FM(1:5,O:JJ)'. The sectional. wave forces and- moments

FP Coefficient for shipping formulae
See (18.)' 'and. (:51) of 2.3.3. and 3.2.

F!JNC n(x) Procedures for several functions
n1,,2. . .21

-j49-



Symbol

Description

Mathematical ?rogram
notation symbol

g G Acceleration of gravity

g G19 Statical coupling coefficient for heaving motion

GAIvThIAC(0:ii) The cosine part of the stream function for
position i

¿/g GAIvUvIAQ Ratio of the squared frequency of encounter ande
the acceleration of gravity

GAMMAS(0.:Ii) The sine part of the stream function for position i

G GG 25 Statical coupling, coefficient for pitching
motion

GM Number of frequencies of the measured Spectra
See 3.2.

GMOM(1:BF, Circular wave frequencies of the measured Spectra
1:'GM) See 3.2.

GMSP.(,1 :EF,. Spectral. values of wave amplitude. .för the.,

measured spectra. See 3.2

T HHr. Half beam to draught. ratio of eaáh section

H113 HS(1:F)' Significant waveheights, of the spectra..

i I PosItions. j of the section contour for which the
potential should be calculated.. See 3.2.

I II Number of positions i of the section contour
for which the potential should be calculated.

U
. See 3.2.

'L
11W longitudinal moment of inertia of waterplane area

with respect to yaxis

('
j Section index. See 3.2.

J JJ Number of sections

K Step parameter in velocity loop

KF Working parameter in' several sections

Wave number

L(1:NS) Length ordinates of locations relative to the
midship sect.ion for which the relative motions
with respect to the water surface. has to be

(J
. calculated. L(NS)=L/2'. See3.2.
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Mathematical Program
notation symbol

L
L
pp

m
n

M cosc
a
M smc
a

Mba/PEL2Ba

Mb

Symbol

LL

LINORT

LPD

MAcc('o :JJ)

MBV

tv12

MiviB( 1 AliO, 1: NV,

i :QQ,O:O.5(JJ-1))

MMBS (O :O. 5(JJ- i ),)

MP

Description and remark

Wave length

Entrance length of the watérline

Proceduré for Lwis-form transformation of
the section

Length of model or ship

Distance, of aft perpendicular (section 0)
to centre of buayncy

Procedure for soluation of matrices.
Own procedure of Mathematical Centre

Distance of fore perpendicular (section JJ)
to centre of buoyancy

Step parameter in loop of directions of wave
travel

Sècctional added mass
th

moment of a speçtrum

The cosine part of the wave moment

The sine part of the wave moment

The dimensionless transferfunction for t1e
bendiñg: moments See 2.2.

Bending moment for stili kater

Number of points along the half section
contòur for which the half widths will be
introduced. See 3.2.

Directions of wave travel in radians. See 3.2.

Sectional damping coefficient

Number of j.ocations for which should be
calculated the relative motion with respect
tO the water surface See 3.2.
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Symbol

Description and remark

Mathematical Program
notation symbol

NV Number of ship/model speeds. See 3.2.

NW Working parameter in several spectra

SA(w) OFA(1;QQ) Sectional spectral values for accelerations

(one dimensional array) See(33) of 2.3.3.

SA(w)' OFAC.(1:QQ,.O;O.5JJ) Sectional spectral values for accelerarions

(two dimensional array) See (33) of 2.3.3.

S (w )w
2

OFB(1:QQ)' Spectral values for determination of the
Sd em em

second moment of the relative motion
spectrum with respect to shipping.
See 2.3.3 (e)

Qem OFD(1:QQ,O.5(JJ-i)) Spectral values for shearing forces
J' two dimensional array) See 2.3.3. (g)

SQ (wm) 'OFDA(l:QQ) Spectral values for shearing forces
i . (one dimensional array) See 2.3.3. (g)

w5 OFF( i :A.) Circular wave fre4uenci'es (for ship)
ÂQQ or GM. (one dimensional, array)

See (5). of 2.3..

S , (w ) OFK'(i:'QQ)
' Sectral values of t'herelative. motion'

s em . .d
' with respect toshi.pping..See 2.3.3. (f,)'

S (.w.)w OFM( 1:A.), Spectral values for deteminatiorn of.
AQQ or'GM . the fourthmoment,o.f the'wave.'spectrum.

See' (13) of 2.3.1.,

OFMA( 1: QQ)
- Spectral values for bending moments

'(one dimensional array) See 2.3.3. (h.)

OF( i :QQ,
. Spectral values for 'bending moments

O,.5(JJ-i)') , (two dimensional array) See 2.3.. '(h)

OIGA.(1:AHO,1:NV, Circular wave frqueney deriyed. from
i:QQ) introduced frequency of encounter.S.'ee 2.'3.2.

Ov1AKQ=O!GA Circular wave frequency derived: from
introduced frequency of 'encounter.See 2.3.2.
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Symbol

Program
symbol

OFN( 1:A)AQQ or GM

OFP(1:QQ,i:NS)

OFR(1 :QQ, i :'NS)

OFRW( i :Q)

OFS(1,:QQ)

OFV(i :QQ)

OFY( 'i: QQ)'

OFZ( i :'QQ')

PSIA'

PHIC(O :11)

PH1S(O::II)

Pi

Description and remark

Spectral values for the determination of the
second moment .of the wave spectrum.
See (12:) of 2.3.1.
Spectral values for relative motions
(two dimensional array).See (fli) cf 2.3.3.
Spectral values for the determination of the
second moment of the relative motion spectra
See 2.3.3. (e)

SpectraIvalues for the; added resistance
spectrum. See 2.3.3. (d)

Spectral values for the pitch spectrum
See (31,) of 2.3.3.
Spectral values of the relative motion with
respect to slamming See (53) of 2.3.3. (f)

Spectral value for the determination of the
second moment of the rélative motion
'spectrum with respect to slamming,.

See 2..3.3. (f)
Spectral values for the .heave spectrum
See (29) of 2.3.3..
Amplitude of pitching motion

The cosine part of the' potential for'
position i.

The sine part of the potential for position i.

3. 1:591
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Symbol

Description and remark

Mathematical Program
notation symbol

PIERSON Boolean for the calculation of standard wave
spectra. See 2.3. and 3.2.

PIPSI The cosine part of the pitching motion

PIZ The cosine part of the heaving motion

PM(i.:BF) Average wave period of the spectra Sèe 3.2.

Q Step parameter in frequency loop

QQ Number of frequencies of encounter, which have
to be introduced. See 3.2.

QS Proce4ure used in procedure "Lewis" for
solution of part of stream function

O/k RAOPSI(i:PJIO, Transferfunction for pitch. See 2.2.. (c)

1 NV , 1: QQ)

Za/e; RAOZ,(1:AHO, Transferfunction for heave. ,See.:2,.2 .(c)
a 1:NV,,1:QQ)'

RAW RAW Added resiétance in regular aves

RAWZ( i :ABO,.1r:NV, Dimensionless transfer-function for. the added
resistancein waves. See. 2.2r.. (f)

p RHO Density of water

RHOPSI. .. ' The. sine, part of the pitching. motion.

ZaSIflcz RHOZ The sine part of' the .'eaving motion

r HT , Coefficient for the ciaculation of the
standard wave spectra. See 2.3. and 3.2.

'w2 SIGKW The squared frequency of encounter

'SIGMAQ,(l':'QQ) Frequencies of enòoünter. See 3.2.

SIMP ' Procedure for integration according to
Simpson's first rule.
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Symbol

Description and remark

Mathemati ca]. Prögrarn

notation symbol

S (w) SPS(1:BF,i:QQ) Spectral value of the wave according to (2)
in 2.3 (two dimensional)

(w') SPSEA(.I :Ä')' Spectral value of the wave according to (2)
A=QQ or GM in 2.3. (one dimensional)

ST Coefficient for the calculation of the standard
wave spectra. See 2.3. and 3.2.

SUM Procedure. for summation

THETA(O::IÏ') Angles o.f positions i with respect to vertical
symmetricái ship pÏane before transformation
of the section

TRAPREG procedure for integration according 'to
trapezium rule

UITVOER Procedure for output of the general spectrum
data. See 2.3:.1.

VGRC Boolean t'o take into account only waves with
celerity c<vcos/'. See 2.3.2(b2,) 'and 3.2 (d)

'VKQ Number of zero. crossings of the wave pe.r time
unit. See (114) of' 2.. 3. 1' and ze,roth moment
of the spectrum for the relative, motion with
respect to shipping.. See (11.9) in 2.3.3 ,(j)

VJ Average number of wave crests and -troughs..
See (16.) of 2.o,3o,1'. and second moment of th,e

'spectrum for the relative motion with respect
to shipping:. See 2.3.3. (f)

'VND!DC(O:JJ) Sectional damping corrected 'for speed influence.
with the derivated. mass value

VSQ Fourth 'moment of wave spectrum.
See 2.3.1. (d); Zeroth moment of the spectrum
for the relative motion with respect to
slamming.. :See 2.3.3 (f)

VSSQ Second momént of t'he spectrum for the relative
motion with. respect to slamming. See 2.3.3. (f)
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Mathematical Progra
notation symbol

z

y.

s =
a

1H (us(x)ç em

Symbol

Description and remark

VV(1:NV) Model/ship speeds

W(O:'JJ,) Weights of the ship' from bow to section j..
See 3.2.

,X(O:1140,:JJ). Vertical ordinate of pösition i. of the
section c&ntour after transformation

XB Length ordinate of the section, with
respect.to the centre of buoyance

y(O.:iI,,O:JJ) Horizontal ordinate of position i of the
section contour after transformation

ZRÇ1.:AHO,, 1V',. Transfer function 'for' relative mötiòn
1::QQ,1:NS)

(W&S 8.986)



5.5. Program listing

For a total listing of the program "TRIAL" see the next pages,.
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Si'JC PP!&F.5M
Sc sujl jT..sii.I
oo.' I.3fl: Ç1.ncr,v
Gh: * ¼ * fl * * * * * $ * * * * * * * a * * * Ù
(yJ.J.,. a a

001(:: * F:(;p t T AL JLA !11 lVI(UR '1F t. S91" It! PGIJLA Iß!J VtV
O'i( * ¿Mr) I i A a c':'-ç
Io)(:' t t
(r):'C: s * ' y * , , . . , , . a * * e a
oclJ.J,..
ocie):: 'i.L 'C''
çPj.:. L.L.1Ji.. JiM UÇ) ,VA , ! , VC , 1D ; ').( ''
01) ; I ;
(taC.3 'c:' i * ù * * a a * * * t *
Ou..'L a s

IIPUT
(.u')C3 M ,

OO't3 4 .1' * * : O * * 4 * ' 3 * * * * * fr *

OÜJ :fC1(:.,1,b');SVS,'CT(i,]2,I);jrt
Ot)'cc (N. !!YI: :,Yt. ( .4, 1);
(JjC 7 ZW.: iF:;.' J:=I '7tp I 13hftt 72 :(.n' ,)tr; ,4',

? 3 ,1t ''
0CL.'! IiSr1F L( , t (' "TYLI ''</ ii,! 032?.L 7'+_i :
CLiOI.,7 = (l,H;
C'(J
CtC,(JL 3 ?"= C ) ' , ¡ ) ;

'rN)';
Ji h1 ¡3( ! , C' Li ! r'F'' ) t 3;

0C'J3 ¡:sL'1L3.k(L',!:) ;I;! rrGP(),JJ)
CÇ(.Ç'

(L-t , 3; Ir!!V 6( C ", 41-I.1) ; I r (C ,'IP) ; T "!'' rG!P (f, 3 3; r'i- rç
¡,jL:(3,'-j.lL) ; I J:LL(:(OtVÇ) ; '-l7 ='ip ;

W' ' t. C /3 :';/) ,V'/( n :')I/) , (/O:J I,(i: 10+2/) ,S!Ç1F.( fi!
CCJ' tt' ,U. , I1PST (/1 :LI1, :!y,1 :Q)/ 3, !' (/t: 'l-',.1 :'V, i :3C''1''
U(JJ2 .CC.( 'i U.1'),l:t;'.',1 :3,3:O *Jj/),M)0.(/t:4'i/);'cii-rr' a a * a a a * a a a a a a * a a a P

*
* Ifl-AMO O'JTPIJT PF.00ErIJ(5 *

(jOÇ32' * a if'/..4fl
(JJJ2-?
COO2' p.ZJR'' IL.t'IK()t4) ¡' viur o,r;
Cu3I 'IC(G',N;'r")' ;
C'Ou3 tpr,iI, FiX(,:1,1,M,X) ; VL'J' Y,N,9,X; flO)4P.(
O(CJ5 'íR DN,l!,M; RE.'tL' X;

58-.
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0u)54 'L) ;
00(i55 l,.'

1:=x<fl; X:=.b'(X); X:=X+:5*1O*1(_M)+5I_13;
:=+-1; :=10**1;

'IF' X '1!EU' 'GIT.3' IF;
00Th2 AA: : =4. ; H: F'IF.(XI) ;

IF' II=ì e 5 'HL!J' Oflr)
00')r,4 'h...,1' EJTSYMIIUL( ( J ',l) ; Ir,rrrr); t;

1L. flr,7çb
00067 JYM6ML(1 ,' (' -n')' ,'TF !< ' r1< 'T!IFM' 3
000ti7 'ELSE' '1F' T 'THEN' 2 'L5' J: C7

'IF' D( 5 'T!II OCOfl'7?
00363 'b.l;' 'iF' '4=0 'THEM' &OTO ENn;
000ô CJT SYMBOL I , ' ( ' J , 1);
')007' 'IF' M<0 'THEM' 'GOb' FND :E1t ':UTO' CC;
')0071 'LL' ; (CW77'1
000Ya
1)0073 0): x:=X-1D; fl:=)*. 1; I4:=MTjEPlX/0J; ,G,T0 ' ER;
00077 C: Jr5YML(!,'('OL2345678''),H+fl; M:=M-3;
J0079 'iF' M' 'TII!l' 'G)TO' E'O; -

000e x:=X-)'H; D:=*1; H:=N71E(X/fl); 'Gait)' CC;
Ur: :jJTSYM0L(1,'(' -')','!F' TE '''IN' 2 1ELZI J J

00O3 H:=0; 03f
0t)0b 'IF' M>) '(HEM' 'GOr)' GO; 0009035')
000S1 : il.I:=iI.1-i;

UJîSYM!0LC1,'(')',1); 0ÚCflCR7'
00u8 '1F' HI1=0 'THEN' 't)OTO' ENO;
0:))'),) ù: = 14$0,, 1;
000th F-F: x:=xo.i; 0OrO0')
00092 '1F' X< 'iII' 'GflTfl' DO 0i'1
00092 'ELSE' 'GOTO' FF;
00Ci93 i: X:=X-5nI0'(-MJ;
00094 KK: W:=I'l+I.; M:=M-I; D:=10**N;
00097 'IF' M0 'TIN' 'GOTa' 1!; 0')0995')

'Ir' X>=D 'IHEM' '0010' KK;
0009') X:=X+5*1O*(MJ; 0Y00979

Sc 5J!JCE. ST.1CMNT

G0037 BEGI' 'I1TEGCR' H,p,R,K,1114; A1'),OH; 5Clt
00J39 '!flLE'' T; 5Y5ACflj,12,1); .

OO41
. YST(1,5,P); .YCT(I,1,RI; SYSACT(I,9,K1; OCOflc52

0(p.44 '1F' M<0 'TIIN' M:=0;
00(45 'IF' J<O 'm:;P :='); 0CC0054.'
0004b ;.1:=I1:'IF' «i 'THH' N 'ELSE' N+M+1; or.onss'
:)0047 '1F' ?1 r. }l3 'THf4'
0)047 'EGIN i3LArJ(],I5); P.:=J6; 'ENt; 0C'7'
0035ù 'IF' F-<U 'THEN' 'rcorn
COO5C' 'b.iN' SYSACT(!.,16,l1; R:=I;
00O2 '1F' D'.=3 'THJ' OflC(!C6':)
0UJ5 'E.,1i' LLANK(1,15); R:=i.;



S)URCE PR)GR4M
SC £OIJaC. STAtÑ1

)OLO.J . . .;oT.)I DO;
(O1C1 I!? '1F' X<O 'T1' 1G0T0' .IJ;
00102 t:=P+1; IGOrOt EE;
OOlt)', jj: M:=L; xx+o5; 'SOTO' DD;
COIC7 1fl: IFt D=2 'THEN' 8LAPK(1,6); C(.1LO2)
CstflOR NL' FIX; .

O1C? 'CCM1P!1t * * * * * * * * * s * * * a * s * * * * *
3OLO? .

O()1O? * THC 6EGIMIIHr, flF TH FIRST BLOCK
0010' * OflCOlO7fl
OOICU * ß n * , .4 * fr * * * * * t. * * * * *

'3FGIH' '.k..Y' r;,A,t6Ms,GAMAc,pI1Ic,ptI1(/(I:II/),r)MACc,fn, C'1fl'f)
J01C) VN(,t1J&C(,M.C',44,4J,43(FJJ/),X,Y,i(/fl:TI,'):J.J/'l, C11'

u'CrJ!11
112'

001û i/e: ..f.*JJ_i/),rt.t(/1 :5,0:1.1/);
OOjL.J .c/L 1)
J0i1'..
OOIiO ¡.LIH ,,'?' ,0L.LTA,FDSTL!,rAS!,MJ,N,J,.I1P1P, o'' i 7
u'.'1C
00111 C,tLtJT' , * * * * * * h * * * * * * * * * h h t fl(.(flUOA"''
00111 MI'4Y LITTL1 PR1CCUUU OOC.'I"
C0111
OMli * *- ** ** t** * h* t t *:** ** ** ** * h

'Pk:rjR:' LI'flRT( ,ß,U,Lt.') ; c:r1'i 61
'V..LI'

00117 'AL' 'P CEUT'.' SIMPCA,I1,4,F); 'fl(.!261
00111 '.AL' A,14; 'INiF.GEP. H;
0J1V 'LAi. 'PR')ccEvJqI.' F; CC1?P"
00.1 I!Gi' I)f.GR' K; SPEA.L3 ii,s; C"1)O129
00.23 I:=R'I-I/U; S:0;
û0125 'F'F' K:i 'STEP' 2 'U'ITL' u-1 oo' CfI. 311
UUJ.23 :.*4'1(4*K*II);
U012 'F1I K:=2 'S1LP' 2 'UNTIL' tt-2 '1)0'

341
0!JLZ7 !MP:=(S+FUL)+F(ßfl*H/3
0')127 1NJ' 5[MP; CC36'1

'FL' 'PSUCW'JRE' oaIA(A,i3,!,z,cIz);
C,01ZJ 'L'Ji' 1.,B; 'REAL' A,3,Z,FIl; 'IHTECE' I;
00132 'EG1J' .E&L H,S; 'fl
00133 H;=(B-&)/MP; f:=0; ¿:=A; 5:=FTl/3;
00137 I:=i; 1:=A+H/3; 5:=3#F!7.; Crno4
uOi6ü 1:=2; :=A+2hItI3; 5:=5+F7Z; ())1620
00143 L:=3; Z:=A+'l; S:S+4/3*FTZ; flflt)343fl
00146 'F)P. I:=4 srp' i 'UITIL' MP+1 'DIr CCIYfl44',
00146 '&GIN' l:=&+(I-2)*tl; S:S.3*FIZ 0Cfl)65
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[Lt 00 
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¡.9T00 
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00227
00228
0023;.
oonz
00233
(0234
0023
0023,
00238
0024J
00242
00a43
00244
(i02'4
00245
0O24.
00247
00248 REP:

1:AL 1PflflCflU' SUt(I,it,K,T1);
'VA.LJE' K; '!:FTEGEF' I,i1,K; tRFf,L' T!;

' 3G11 'iAL S;
:=o; I:=l 1STEP' I 'JUTIL' K 'Ofl'
:=SHI; SUM:S

SENO;
'PP.O:DURE' )s;

'3EGPI' '?L' !J,AN,jJ1,'2; 'H'EGP.' ti;
ELLI 'P)CHJ IC7C) ; ItJTEGR' ti;'i;ri' 'J'i.rdR' j; 'RAL w;

''r.' I:L 'srEP' i ''j'irii' o ''y3 w:=r!*T;
tlFt.CT:=

'40' OFACT;
S'41:=sN2:0;

A'II=IJ'P0WR'N/(*IFCT(PIP);

;

On
nor-fl
ßf 0072 6')
)'(bt) ?7'
01Ofl22P'
QflVfl'?)o0' 0

rs3rv232i
fl'CC.3"
o'r,n736')
0nC.03'f,

("C'O 37"
C.0 On ''qn
0'"i2390

0flfl024 in

00212
00213

'/.L' OC1.U' rft'c17(x);
,CAL, X;

r)rfl'1 3'
('flfl'i4

0014 FJICi7:=U(/(X+L'D)JJ/t.1/)ax; 0(O')?I 5(1
002x5 EJLt 1PROCE0U J'C1(X); RZß.L X; t))C.'i (1
00217 FJC18:=0M(/!l,M+(X_Xt)iJ.J/LL/I; (:C'Oifl 71
0021e iiAL' pr.üc.'ua:' rJfc19rx); IPfELL! X; :C'0?J R'.
00221. FJ!C19:=AA(/fX#LL 2J*JJ/LL/i;
CO22 'tAL' SrRI%CECIUSP FIY4C2C1(XJ; X; flt,C '2 2C.'
0J2Z3 FJ';C20:=X*?/(X#LL 2)'JJ/LL/);
002Z' 'LtL' PRrCL.'R FUC21(X); Rùi1 X; 0"(2 2'fl
CO2Zf

SC
SOURCE PJ)GRAM

SOURCE STaTMi1t
p;E Oc

u0193 ij?C13:=vN0;4X(/(X+L?10)JJ/1L/)*X;
0O19' 't1' 'PR000'J?E' FU'ICIl(X); 1 50
C0195 'ji' X; 00Ofl94'
00195 F J'4Cli=f/(,.LMo)JJ/1L,MP2/)*X; Vt00Iq7,
00197 'L' !PFCEL,:JEt rtflJCl2(X); onco QRA
0019 'JL' X;
t019 F'J:C12:=CC(/(X.LMr)J.J/LL/).$X*X; Ç CR',7 'l)
0u200 'AL' 'PP.C10ED'JE' FuI-:C13(X); OV)nfl2tlJ'l
0')201 'C.L' X;
O02L2 C 0')"2'l'%
('323 '.L 'PROCELÌ;J,"' FUC1'(X); R(t f' 2
0O20- tAL' X; 0000v" co
0O25 FJ,4C16!(/(X+LMNJJ/LL,1P2/)*XIX;
UC2C,o '.IL' PRCtCF.E)!J F'Y4C1f(X);
00.C7 Lt X; 00cIi,r»f'
("J23.3 F)'JC15FM(/'i,(X+LM'))'jj/L1/) Ot'fl $ f O:)
(102(') 4.AL' tPT10E)'J' F'f'ClC'(X);
oozi': .'i' x; r'co" jn
O'321i f.JrIC:=U(I(X+1M)1*JJILLf) C"V' 2')



SOUrCF PqOGRLM p.cc
SC SOURCE 3TAMÏ

(.)249 -. $JI:=S!fl+61*SIN(NBTL(/I,.J/)); flfl()O24?'

00z50 S12:=SN2+sN*C)5(N*TA(/1,J/)); O(Cñ26
OCi51 :=4.1;
OOZ5 '!F' ABS(hl!/5!J1) 'uOT15$ ('tOI 'A'ID' OOC'!)?4S'

00252 - £BS(AU/S?42) ' :OTLSS' ( CCI 1TIIEI'
00í5 tGTfl' RED; F!:ET4(/I,J/t+Sl1
00254 FO: =D 577215t649+LN('J+S?l2
0u254 'NÜ' 5;
00255 'CM4ENT * * a * * t a * a a * t * a a * * *
0')255 a a inçn,r.n
00255 cFur FO C.LCuJL'.T IOU OF TMI SE!OAL oo'r '55 a

00255 * u) OIPI'G 'ISING TII LEW!_F0PMc TRA"SFPMAT!DM a
s h
* * ' t t h * * * a t * t * h * * h t * t t * * t * *;(('.C5f'

00255 PUP' Li:I!s(J,11,AH;
002 'LI;!I J; RAL' Ai,%3;
CO25a 3F';ii !Z,AZ,Z,'IZ,KI;
CJ.)2u K..t:=EC/J,MP2/)*&?1M,.O; (,)rOr

i:=.DSVCP, i ' 'J9TTL I! 'flfl'

O02j 'uflN' tj:=fA1M.VtX(/T .j') ;
CO2(..i v:=c.XP(r,AF4MA*Y(/I ,J/)) ; C.i''h2
0O2c2 :=PItV;

C.U.9t.C(/I I) '4ZII(!J) ;

OO2ò: P:-UC(/II):= T*C1(1JI;
C,02,
002,7 PHI(II/):= V*(FQ*C1S(U).FS*SIN(U)); 00C.fl21,'

002h iJ4u' ;
OO2? 'F i:=i S(EP i 'UNTIL.' MM 'D 0'O70,
006') F0R I=) 'STEP' i 'U9TIL' II 'O'V O('OO?71'
002 'II' U:=1+A1#.3; C00','2r
(i027(, 1!:=!!'l((2*M_L)*THCTA(/I/))/(2$Mi)+4It
0O27t. SI((2*M4)*THL.TA(/I/))/(2*!4J-3tA3*7!.i 0O00774'
002h' ((2*M+3)aYUETÂ(/I/))/(2*H43);
00271 V:=V*K51/'J; 000(27f,)
00272 :=!/(2*M_1)_&i/(2*M+I1-3*A3/(2iM+): 0fl02771
00273 T:=Tt(S1(TUETA(/1/)))*5IW(4(/t/)) 0(,CO2731
00273 3tS!fi(3hTHTA(/T/))) ;
00274 T:=T*KSI*(_1)*tt4/(U*UI ;
0027 F(/!1,I/1:=S1'1(.$M*THEr(/!/))VT;
0027 'Lrl-)'; 0'Oi232fl
00277 be.JR P1:=i 'SÏEP' 1. 'UNTYI-' '1M 'p0' 00OO2
00277 'LcGIN' 'FOP' R:=! 'S1IP' i ''JNTIL' 4 '00'

0U77
0027e MAT(/M,MM+1/):=SI'iP(0,PTZ,YI,FIJUC2);
00279
OcI2efJ 'LNO' ; 0r0'')
0028L LINoFTCMATA,pJ,MM,FOUT);

63-



002C2 sORI ï:=1 STEP' i '(JNTIL' M 'Oti' HATP.AI/M,MM,t/):= O(Ofl2OO
002a2 BrTJ(/'/);
00283 . LpIC(MAT'A,QJ,MM,FOUT);
00264 u:=j+I.t+L3;
00a65 Z:=fM!4ACC/!I/)+KSI/uJ*S!J(M,1,PM,D.I(/M/)*(_l)**t,l_1ls O24
00233 C)(O2q5fl
0028u BZ:GMAS(/!1/1+KS1/U$S1JM(M,1,tM,J(/M/)*(_1)**(M_)* OCÛ2
OO28
00287 OCO('2Q8
fO287
00257 4/((1+A1-61*A3)t")J(/1/)AQJt/2/)1I; 0000
C'023! con1t'1'
OO2ub PJ{/r1/)t((i+41)/(4t?!ì_1)+Q*t3/(4ttï_0)))+PLKST/ 0:Cf'3.7
00285 /tJt((1.AA1*43)*PJ(/1/)Â3'PJ(I?/))I;
0)2C') i := t. +87t'Z;

0c29. MCl/J/):RH0(/J,9P2/)*E(/J,9P2/)t(MZt87.+NZAZ)/;
032"2 ¡()i.ril /R;
0(J2 FJUT: jjTSTrItiC.(1,'('LI1JRT GE[FT FOUTMELDING' )C );
002'..' VJ:
002?e ' 1N0 ;P1:=ii'2í53;

Pi2:=i0579'Th26;
cp02C)7 LL4:=LL105; MP2:=MP+2;

'Fj' i:=1 'scci'' 'UfliL' U 'on' TiI:TL(/T/)=r*P12/u;
(J03 1hT.(//):=fl000(!DO1;
003Cl 'LMME'I,' * 4' * t 4' * t * t * * * * t 4' 8' 4' 4' 4' * * * * t "
0O3)1
00301 * T A i 'i P u T
00301 * ('flO0I
00301 * * * 4' 4' 4' t * t 4' * * * * * 4' .4' * 4' 4' * t t * t * t t t
00)01 IiY(C,3);IARRAY(0,D);INARRAY((,V;r.Rt6V(,SIGMV));
003C'f II.P..4Y(0,1);

zF'0LTHEW' 1NARAY(0,W) 'ELSe' IUR L(0,Ftr.i);!JRAY(0,.?) ;0('3?2
00309 . 'r1lL' t * t * * * * 4' 4' * * * 8' * * * * 8' $ * 4' * " 4' * 0023'
0030e * 4'

0C308 4' SÚM COMMON Q'JANT!TIt:S *
8' 4'

00308 8' C 4' 4' 4' t t t t t * t t * t t t * * 4' 4' .4' 4' C 4' * t * 4' 4' *:i:D0.i3270
00308 CUTSTSI:.iG(i,(FP.QUENCY nF FNCIUNTF.D :1)); e"2rn
00X9 'FÛ'.' J:=1 'STEP' I 'mIlL' QQ-1 '(IO'
O309 'DG(J' FLx(3,3,3,1c.M(/JI)); OUTSYMB1L(l,'C','l',l);
0J31 'ENO'; FiXL),3,3,TGMAQ(/Q/)); 113jf,
00313 SYSACT(1,16,3);
00314 . UUíîRHGU,'('SPZE :')');
00315 'FJV J:=1 'STP t 'UITIL' 4V-1 'O ('0C'sfl
00315 'I3G1N' F1x(,3,3,vv(/J/)); 0'JTSYlU0L(1,'(','P,));
00317 'iJ.U' ; F1X( 1,3,2,VV(/;l'lI)l ; r.00:)360
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SOuRCE PGRM PAGE nc
Sc . SOuRCE TAE44I

0031') .YE.ACTtL,14,2);
0332e curSpGI1,C1vERrIcAL SHIP ITIOPJS It.1 RESULAS WAVES')'); oroo
0031 . .YT(i.14,3);
0032Z FJ%'J:) 'STEP' i 'UNTIL' JJ 'D')' l34lt
0032Z 'sGI;-' C3I/J/):=1; CCC'42fl
00323 (/J/):=rUAR(-D(/I/),û,t,,C(/J,!/));
00324
00325 HI:3(/J,i?2/)/0(/J/) ;
0032e 0b:=At/J/)I(B( /J,MP/I*0(/J/) i; C4Ö
00327 'IF' 'JF » 0 3(!q+uIU+'(/J/)/(/J,'W2/lJ T;N! (fl7
00327 i1i' J:=_5(/.J,;iP2/)+ST(24*(/J,MP7/)*3(/J,MD2/)+32*4A(/.lf)OC.,p
30327 1?!);
CO3. J:=1C.i75'J;
0032' .il:=B(/J,MP'/I/U; C.1O'JÛ
0030 33:=(t(/J/I/(E(/J,MP2/)*U); 0C"352'
0O31 :)(IJI):=2;
00332 iio' ;
00333 :=4r/P!;
00334 V:=(-II-l)/(IlH+] ) ;
00335 V: vv; : j-uJ;
0033? 3+J4.'F; 0f00A!i
00339 'IF' Cl > 45 Hr4' .3(IJ/):=) CCLSa
00331
0023? 4(/J/):=('i1-1i(Â3(/J/)+1)/(HH+1); CCCC4i
')O24j '.N..)';
00343. Y.tT(..,14,2);
00342 Oil 11'(1,'('SLCI.)N.I. i,FC')'); SY&CT(1,14,2);
0034'* 0if..j')(3.,' ('ZCIC1 (M) SECTT01 AF (42)' Pi;3YC4,14,); flIJTSR1?lG(1,tt O')');
00347 FiX(1,8,2,(/0/)+tA(/D/));
0034n 'Fi.ik' J:=1 SIEP' 1. 'U1T!L JJ/2 '00' fl0C;(371fl
0034e : Yt4CT1,14,1) ; c0Oi,37)
00349 FiXU,,C,J); F1X(1,8,2,AA(/J/)+6(/.i/));
Oi35 F1x(1,6,0,J10); FIX(l,8,2,#/.(/J+l0/).AA(/J#10/));
0O35. ''JO'; 0000'7c0
0O35' &t4'L:=.I1P(-1L 2,11 2,JJ,FUNCIO);
0035f t'vi:=IP-LL 2,LL 2,JJ,FUNC2O); ('flOO'77fl

-M!H/C'DP1; 000')373fl
00357 00003791
3O35; 3YCT(1,14,3); 0UTSTRING(,'('SPLCEï!JT ' )') OOO130fl

FAX( 1,, ),'L) ; flUTSTP.P1G (1,? C' TON' i'); SVS&r.T() ,14,1) ; CfO'?.91r,
0033 3ur.1P3C1,'' LCB =')'); FJX(1,6,3,-'LT);
0O35 Miuih1'JGC1,'(' 'I'P); nonn
00366 SY(k,14,'); 0UïSTR1IG(1,'('4tVf &MO1!TuJI !T4 = 1.0
0036e Y&i(1,14,4); C0OH5
00369 LP3:=LLDLL';.'X;
00370 LM:=LLi-0ELAX; 001'R71
00371 '1F' SOOL 'r0Tfl' OvES; 000038110
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SC SOURCE StAE'g1

003'0
.30399
0040*)
00400
00401
n0402
00'4C2
00403
0I)4C4
0J40*i
j06j7
0040?
0C4(
liC 4) '3
00-C3
00409
004013
'JO
004t)
00413
C041 i
0041g
00413

0045
00411
O'J41 f
004] *3
00419
004.!!)
OO42
0042
00423
00423
O04,
00425
00425
O 042 b
004Z(
'30427

0043'.
00431
0043 i
00433
00435
0C'43'

3.'3

I ) I ) ;

t):);

sOup.Ct pI]0RAM PAGE 01e)

!E1c oNrcA(p1*,K,i):=vB*(10+SQRT(10+vC));
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nO0rt) go
VA:=VC; 00004,çr'

00004 191
0000419'

END' ; OOC('4 103
'FOR' Q:=1 'ST'P' i ''J'ITTL' QQ 'DO' 90C"1 06

'3ECIU' SYSC7(1,15,) C''0'4,r*,

JT3TFI(J,'(tFIEQt.JCV "F ENcaIJr4rEt 9ME0A() lu); i)00 04230)J:=Sç;()/); FIx(1,5,3,S); 000422'
jYSACY(1,14,1);
o.irsr.pcci,'c' 001'C*424'3

'%CN4 2
a * * * a * a t a a a 'X * 'X a a a a * at 'flJI.7fl

SCCL 0O MS ANO OA.MPING (P FQUPÇ.Y)
a 0C0fl4?r

'X 'X t 'X 'X 'X 'X * t 'X * * t * * 'X a s * * a * * * * *
YS.C(I,i4,)

301 7F!!C(1,'('SECTt1N /.MP!1& ADDO MESS')'); 0"O"4 32
,YS,fCi(1,i4,1! or "*411 'I
.JiP1'4GU,' ( : 1ONSZC/M2 TONSEC2/M2' )' ); (10

Y!Cï(!,14,2) fl)00411r,
= )a5*); 5q'4Ar): ='lÇ,Kw/f; C(OO4 '6')

t(p,; J:=,3 'P' i 'u'1rIL ,ij 'oo' 0"0O4 37')

0004ì"*
V!CT(3.,i6,l) ; F1X(1 ,4,O,J)

L(::! 5f .i,t.i C 1J1) ,A3 fiJi)) 000044 OC,
'D.JTZr3BOL fi,' f t *1)1 ,CIF fiji)) O00'440'
FIXC
F1XCi,7,'3,1,CC(/J/)); OC ')042 '3

440
'F')F'J:=i 'TF.P I 'UNTI).' JJ-1 fl.3' 000044'0
3i.4f.C.X(/J/):=(M4fC(/J+i/J-1tCC(.J-ii))'XJJ/(2*LL); 00004 4."l
,,,'3CCDX(/jJf):=C'.IACC(/JJ/)-MACCC1J.J-1iI)*JJ/LL; OC,C')' 470IIF !i&:=i IS)C)I i UNnILI AH') 'D'y

'LGLN' C0Sf.1UR:=Cfl(!1tJRf/MA/)) OCC.04474
:3; K:=1 'STEP' 1 'UNTIL' NV '00' O Gfl'D 1,4 l3r

'LCIiP SYS:.CTU,15,1J; OCO'44ri'
fYJTSTRI '10(1,' C 'nIRECTI Oli 0F W*V7 TqÂVL 1* 1; O0O')'4A'.
FIX(i,3,3,IIUR(iliA/)) ; u]iJTSTRI'lf,(l,' t' p); 00004684
SYSCT(1,14,i)
0IISTRING(1 1 f 000'?4's8S

YSACT(1,14,2) C.000/.4 A
fl'Jr'rRrt1r,f ,( 'y ) t); FIX(1,4,3,VV(1K/) P; oçr'4ag.
OUTTRI%fI,'( '4/SEC FN fjCtC.0 137

FIx(a,3,3,vv(,K/)isQrr(52LL)); SYSACTCI,14,l); O (*0 0 44 P A

O'JESTRCPIG(l,' C' P' i ;0O0i441



00439 . SYS/.CT(I,14,3); flMMKQ:.MCA(/tjA,K,Q/); O')Ofl46
00441 'CThMENT' 4' s a * * * * * * * s s s g , 000C45Ofl
OO44_ * 000fl451')
004L1 a CflFFIC!UNTS (PER PRUE1CY,PER A4G1,°R * 000(4cp
00461 s VELOCITY) * 00flfl4526
00441 * * OOfl45Y'
O44L , l $ * * . s * * a a a * s * a a a a s a t *OV)Ot54f
0U461 KK : =I.:'I.a)tM'KQ/ ; 00flfl457nclo:,4 IFV1t J=.) '5fD J 'iipIi JJ '!)) VM".1X(IJ/):= OCfl45OiiX)44: ?fl.'.CC(/J/JVV(IK/)bDMCCuX(/.iI) ;
O')4'3 Oflfl4O'i
Oj4 'Tr' OCUL 'TII !J:I(/C/)/r, 1,,cIc6',ln
CO44' 'rLS' u:=rjpL/r

rW TF.IP (1 , ' C WAVt FRIjtNCY ' ) J ;
O)44
00447 I .J.IC( 1,' C' !/C wAf( J'J'R K =')'); orrsosn1
').)44d 1!X(1,6,',KKQ); Sykcrr,4,1);

tui' xfwfl,'vtiwE 1p:r.Tn 'r i;
00'.5 Ff(I,4,3,14M9!)A); L4L:=Lt'I!33.i/LL;
0!)454- O.I1Rf:Gfl ,' (I '4 1U1II PrTrJ S JI J;
0055 IXtJ,4,3,LAM3)/.P; '/:=Y)Pi(1/LA'fl04);
)0p5t JSTR7l't3() ,(1 A°f' L'1GTH )I i;
0045j FJX(1,4,5,2sP(/KKfl/(crJ$'lI,)); ('.'i)r47lF.
004.': 'hJ.5 (F !GCj ,' i ' S) r LILt =') ) ;F1X(1,4,,'fl; SYt.'T(,I4,4);

V: =' Ki'(le 0CM:AK ia/V(fK/)*CI)5M?JP,/G) ;
004c,3 'Cfll'1E'.JT * a a s a a a a a a a s a s a a
Q(4 * fl47
0G4 * '4YCRQ)'P1AMIC CGcFFIrIc!4T. FiR IIV P4P 0"47i10463 (P.P PP Ur.HCY,PF.R .rIGLE,PER VftCCITY) O'fl477fl
0046. a
0046' * ' 's a * * a S * * a a * a a . a * * a a
0045 PJVSERI(1,t(IHYDP..iOy.j!C C0FFTC1E1T ' I');
004 YCTi1.,i4,1); RI.A'IK(J,37);

OhITSTRIG(I,'('ljvE')I); SYSACTCI,14,2); iflOî4fl2fl0)453 JITP!'(i,'('AODft) ML 4 ')); rLxcl,7,3,At4); t)Ofl(4')
47C. OT2rR,IG(I,'(' T0;ISE(2/M C '); 00004861

0047k 1=SI'lPCLm,LPD,JJ,FIJ4r.7);
00472 AAW:=2*,1iP(_L'i0,Lp!),JJ,FIuI1C9) ; OflOfl4flFfl0073 C16:=RHO*GaAA.l;
O'474 &17:=S1M(LM0,LPD,JJ,FIJ1C9); OCfl48ifl
00475 He:=srMo(_LMD,Lpo, CflOfl4.
00476 r,19:=2*u1JaGa1Mp(_u1rI,1pru,JJ,Fu..JcI1)_vvc,x,)siu5; 0O49Gfl
00477 FIX(1,7,3,C16) ; Q'JTSTRIII'(J ,'(' T'V!/M' J1); C'0f)491A
0u479 SYS'iCTCI,14,1) ; OIJ1STPIG (1,I(ISdICs MS J'); 0004'21
004a1 F!X(1,7,),(J); 0:t493r

0JI;rR!:lG(1 ,S ( TOFISEC2/M 1) 1 ) ) ; C'f)O4Q4O
)O463 1X(1,7,3,o17) ; OIJ1SIPING(I,' ( i Fr21 )l) 0'04°5")
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SOURCE PflGP.AM PAGE 012
SC SOUCt 3TATMNT

00435 SYSACT(1,14,1) ',rTR!PlG(1,' ('TOTAL MASS =' )' I ; Cn0r
00487 F!X(1,7,3,i1'i4LJ)
')0488 OJiSi'RI1GC1 ,' C ' T.P4SLC2IM E ' )' I ; 00O043n
004e9 FIX(1,7,3,Flq)I OI1TSTRING(1,'(' TfPEC')'); OQ')4Qa!
00491 SV5CT(1,j',,1) ; aiJrSTRPIG(1,' ('DAMPING B =' ) I ; O':Cf'53C.n
00493 FIxI,7,,°15); OO"050V)
00494 )I(STR1G(1,'(? r!Nsc/M G =')');
0049, F1X(l,7,I,U1) ; 0JifQ!!GU,' (' T0' )' I; c'co'
OO4C7 1LtF(1,3);
0'1499 ;JjTRItG),'('PflCH')l); SVSACT(1,14,2); (flCfl5C.fl
005,1 cJr.rR!1r3(',' ( !)C1) MOM14T 0F I'JERTI A =' P 1; 'fl0i)rJ6"
O052 4aJsP(-L'1,Lrt,JJ,FiriCl2);

'LF I31L TI' 0Ç.0.,51

O05C3 V =FACîLL*FCT*LLi!J; 0C1')
2:=!IMfl(_Li),LPr.,JJ,r3JI)C13)_2*vV(/I(/)*O17; f)1i

ú05C5 !?.:=C.34.$Vj(/K/).*.)4;
OOSCL It:=2*ÇpP(-Li(,LP!j,Jj,FU1r.1(,);
J0507 C2 : P4-vV(/v./)*iE22; 41
'iO5d
005v9 HXU,1,,Ar.2);
)051l ri I4G(I ,'( uîrIlsI.r2 CC 1)3);
003ii. rIX(1,,3,CC23) ; cui.srp.Ir,(1,'(' 9T)1 )I );
t0513 VLCTfl,!4,i);
00514 'lIJ: rRINC (L,' C' SS MC'IT nf SHIP ') ) ; CU52ffl
00515 F!X(I,?,3,V); GJ,E1RI,G(l,r(! «rorc. )D =)');rnO'c'1
00517 FIX(1,'),3,L37) ; OUTT?.I'4G(1,' C' T"JSEC2' )' );
0O5j fYLCT(I,1',,1);
00520 0Jfl'TRIMG(l ,'(' liTAI lASS M0IENr ' Y ); 0Ofl52A')
00521 FIX(I,,3,.2AV);
0052 0:JîltG(1,' (1 MTCNS(C2 C 1)1);
00523 AAi):=tA'l+V;
00524 FIX(1,,3,22); flUTSiRP(i,'(' T'YISEC' )l); fl0lfl5Q.1
00526 SVSCT(t,1,1) ; O'J1STIU0(1 1 CA.P!IG' P);
00523 HLA1K(1,22) ; Oui (XUGU,ICt3 =3)I); n.nnç3nn
00530 rIx(,9,3,Cf'21);
00531 rj!JTTRINÇ.(l,'(' MTCNSC Gr, = P);
00532 F1X(1,Q,3,GG2S) ; f'UTSiFItlr,(l,' F T')U' P); fl00O53'
110534 SYSACÍ(1,14,5) ; 00005141
00535 'COMMENT' * * ' * A * A A A A A * A A * * * * A A * 0)OO"
00535 * *
Qt535 WAVE F')RCLS MID WAV M.1'I7S
('0535 * (PER rRF.Q'JENCY,PE A?w,Lr,s VCL.)CI1V) 000058
00535 A *
00535 * * * A * * A * i A * * A A A * * *;flrjlfl54.

30535 A14:=A6+'J; OflOO'411
00536 'F'R J:=') tSTP: I 'LJ'4711' JJ 'D] 0100542,1
00536 'bEGIN' X&:=-IL 2Z1ELTAx+J*LL/JJ; 0rC0c43q
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00537
OC' 53 B

00538
'30539
0053
00540
00,5i
00543

Ou 5',5
O57
)() 547
t'v 5 '
00 5
005 1
'J(i55:

-. 00553
5

iO 553
00554
00555
0055o
0.0557
OC,55.'

005UIJ
0O5
005o2
OC) 5(j 3
OO56'.

00,567.
00;5o7
00563
O050)
00 7)
00571
C?o57,

'X574
00575
00517
0037')
0O5.9)
00531
00592
0055:4
00585

nl.' )".I';.
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S0'JRCE POC.F.Ai °5G5 "1w
SC S0URC iTATcMLft-

'J:=.V:=:=fl0; Ö0fl5440
'F0F' ti:=o 'STEP' 1 'UH71L r65n

?I.Fî ß(/J,1.I/) nCOOO1 < 5(/J,tl/) 'THEN' V:=i'; COCflS46'
''IF' V=1 'THN'

'3GPJ' :=_j(/J/)+(/J/)/Mfl/3; n nn ri 54 e'

U'='J+T; :=R*XP(KK1*Z) 0"0i 501
C0C55Ir

7:=4Bs('u/J,p/)-R(/.I,lI)) ; C0'D552'
'J:&J+T'; P:R+'EXP(KKQ*fl ;

F1P.' 9: ' i::jfl) MP+1 '
i :=-31./j/) +('II) ''D(/ J/)/UP;

'J:=LJ#T; P.:=.+TcXPIKK)*!).; 57f

'-VT(/.Jp,K/) :=./J; 'N) )'I
0C 1' AO')

'L.SF (iJì,p/1:.-I.I(Q/B(/.J,MPZ/)'* 'r co ¶ A L"
crI VU-D C /3/)' ,0,1,'Z,ß C fl., I/i*XP('KK.*Z) )
-K'fl*X8'iC cs'tur;

'/:=rY'(tJ,K/)'CO3Cq) ;
'J:=K,T'(/I,K/J5!UP)

;
'M( /1, II) :=i '/;
F9(/,, J/):=T*U;
1: =IM )!M5Kf*'4rC'(/J/) ; r)

i

Fti(/! ,.J/):=rt4(/1,J/)-TIV; r r;" ç.7

:=fl1r.Q'/t4('4XC/'j/) rfl'C.S72fl
.1/): M(/1 ,J/)'-T'J; FMt/', J/): =-FM(/1, J/E*xq;o')c,'c7i.)

e-MC 12, 3/) :=FMC /2:,J/)4ïV; .

'ir' 4riV%C/'t/)C'ì5 JPSI)/C>O O 'e.U"' Vt < G C "OC3746
'ÍH..fl' 4(/2 J/) :=-'M(/2,J/.) ; .CCfl74
FM( /4,J/) :=-FH(./2 ,.J/)*Xß;,. ,

3' (%55 761irs: =V<');
RLANK(j,j4) ;
O'JîS1RIZ.:(1,' (t.UPLI7UD PH56(I1 OEGqe ) C0EFTIE'.C17Q
YSICT('I..,4,2) ; C.(;'CC')

GJTSTR'INGCl,' C 'WAV. F''CS' )t); '

N:=1; FFI:=SIMP(LMO,LP3,JJ,Fl)'ICI5);
r4:2; FF2:=5IMP(_LM(D,LPO,J.Ji,FLJtICIc); O0Ci"Ç31
(J:=&T.UlCFF2/FFL,) ; 00005541
'IF' FF1 'FCTG.AlER' C' '114F11' 'j:=P!.ij.;
R:5f)STCF3*FF1,+Fr-2*FF2);' '

GflC07')
.FIXCI,6,3,Ri; 0!Ji'ST!UPG(1,'(' Tfljt )' ).;
F'IX(1,7,,1,;57.3*UP; Fj'X(I,R,,3,V); SYSACT(1,!4,1): O"0'58q')



Sc S0UCE STA1Mju1

00 58t)

005'))

OO92
00593
005')'

00595
00596
00597
00599
00C)Z
(I0C,o.

0C,C'2
00 6ra

00 OC i

c'o .ti

(0 oC 3

i)(. 5,,

00 bC
00 te

0O6o
OC 607

0o(_.

oc. 6 IC'

cool'.
00o1.
OOói L

COo 13
00613
006
00615
0061 b
0%17
oob:a
00019

00071
0052Z
0023
0Ijc.4

006V

OliO 3.

00 : 31

souC PROGRAM r&GE ''.'

1:=3; ,j'il :=SjMP(-1Mt,LPO,JJ,FU1Cl5;
Mt=4; !4M2:=STMD(_LMO,LPO,JJ,FUNC15)
U:=L1P.CT8I(I'M2/MM1) ;
'IF' MM1 'PrnTGP.EATER' 0 'TH(!P U:=PI+U;
P=Q.Ç('u3*MM1+MM2*Wi2) ;
V:=P/(RH1*G*I1WLFG)
CW STRI"46() 1 ( WAVf 14;3MI 17.S' ) ) ;

FIXfl,5,3,R); -)'JTSlP,Ifl'(l,'I' MICT)'); 0flCO597
FIX(1,6,3,57.3c(i); FIX(1,i,3,V); SYSACT(1,14,5); 0O0'15q1
'COMM'N1' * * * 'X * * * h * * * * * * * * * * * 'X flflflf5OVl
* *
* VCP.TICL HOTIC1S

(PEP. FPEC?JUCV,S GLE,PE VE1CITY)
**t .t** 's * .g ** ** 'X *X* 'X X* *X **
LFdfi:=Ai',A2O--)I7*i'17;

GiI'M#:=h ','XC.2.315's+CUV)Dl7'sGG2-
c' !'l[ ;2-I ''X'1 7;

1t.t,:3)5*CC23+C1P92I-19*GG25-G19'Xf!2;
'PS1L(J'1:=Ci0'XCC?3-G1°'C.G5;
iii: !G'C4'S IGKW;

J.I: (rFLf-ßE r'Xir,K,)*Q;
flfl II D,: 9 I'X!' J# 5.J'j';'HJ ;

(t.t2OXFP1+N7*9M1)
LA0OZ :CC?:3'XFF?+3q 2#S("1t2t'XFF1 #E1B*MMI )-SPK

I .\2O'XFF2+r1 7'"l2) ;
AP'AP5I:=Cl6*MML#GG25*FFi-S!)'X(B15*M!i2#E22*F2I-S'

(J,4*I'M1'XO17'FFi ;

LtEAPSI : =C16*MI.12#Cr,2f*FF2+S (ß15'X'1M14E22*F1 )-5j
ftiAl4X'iM24L7'XFF7)

PIZ :=( KPP,tZ*'lU#1Lt0Ai'"jtJ) /tflME;
P1(!.'. :=(L&3DA*MIJ-K.PP Z*'I'fl / F);

II'T : =1K PPAPSJ *MU+LA P51'X9IJ)/I1I'LZ'ffP;
trliP5f(L.AßDt.PSf*Mh1KLPPSI*IU)/Ifli'i5R;
ZA:=P,T(PIZ'PIZ4'I'.Hii'sRIIJZ) ;
r:=A!C1AN(P,H1Z/Pf Z);
P.&(Z(/MA,,Q/) :='A;
PIA: =5 II P! PJ *PIP5I.H9T 'XR'flPS!)
F,.CPSI:=4F.CTA(H!"Sl/PIPEI )
PA')PSI(/MA,K,Q/) :=PSIA/Y.K);
'IF' Pli 'Ii0TGREATE'' O 'sH-'I Fi. i:=F.S!+P; 010n61y)
'1F' PIPSI ''l)TGP.2ATR' O TM tC0'A34"
fliJZ!'lG(1,'('VERTICAL MOîIO$ ')') 5YSACT(1,1L,);.)Cufi#,15fl

'. =)'); FIX(1,4,1,i'); 0t'fl0(.6.,

OIJT IRING(1 ,' (t ' PHASE =' )' ) ; 00
FIX( l,4,3,FAEZ*57 3);

* flOCCl6Ol:1

* (I0r.1,r2n
* ;(((1)

fl r , rr
Ot'Ö 07

O'C'tol 0-

110
O(6120

"ICOOlI"

0nCi1614'
W'X .fl1M7(

GKWCc'(',Iq)
"O' C"

rwt'I,Or2p"

t) O 'Y, 2 '1 ."

C0O6Z'6fl
O'0C 6270
Q ".006250

00O0(31O
O000"2t)
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SOURCe 5TA EM.NT

n JTSiRI?IGU,' 1' DGRa 'F' !; SYSACT(1,14, li; 000')63Q'
(JTRft43(1,'('1TCI1 THETA ')'); .

FIXIl.,43,PSIA*57.3i(; 000ns4in
nuNrRItir,.(J p' (. I)C-GS. Plit 5E =' i' i O('C'0642.)
F!xi,1,4,3,r.ASEPS!*57.3); 000364'fl
t.J!.iR!NG(I ,'(' !MGR. rIicTA/:AvE sLriE =1 ) ); 0OCfl440
FIX.(1,4,3,RA0PSI(IM,K,Q/)); SYSCU!,L4,4I; 0000645ñ
'Ct.MMEHT * * * * * * :* * * * * * * * * *
* * .C.eC'0&47"
* RrLATTVE £40TiS * "c3á'A49t'

(PER FSQ'JENCY,P[F. Afl,LE, PER VELOCITY) * <'C0O64E'
* * Ofl064q
p * * * * :P * * * * * * * * * * t * * * t * * .p

!'JiïRl;:Gf1 , ' ('PF1A'I'.'F Mfll!OIS : j' j ; y5t( f 1 , 1', 2') ;fl05j
jJ.iF.Ftl:;(l , i t LENGIII AMPLZTUD PHASE' I' i ; n.

1;Y7CT(L] t4 , i I ;
()T.fG (1 (i 4 OEGR,' I' i; (0654fl
YCT(,1L,2I;

M) =74*Ct(FA!E7) ;
'!J:=Zß*5!Pl(FS1L) ; (i'.57i
Cl :=PSEt.*CY(fASP5T); Cgfl
'F 4:=1. '.çrEP' i u1ra1 ris 'iV)''ülI' I.: =1(/N/)+0rLÎAX;

'j: COS(:KK*c*CflSMUF.)_MtI+F.*C1;
V:=St(-.K()*P*CCS1uI.)-I!uJ#*X?;
T(/M&,K, )ó1/) : :=ST((l*LJf.V*V4;

:'ARCTAN (V/il); (.'(.flA.4f'
IF' 'J )TGR:ATR' O 'TH?l'
: =TiP; r'C.n6h1

FjX(1 ,, 3,L( /N/i I; FIX( 1,5, 3.,R),;
PIX(1,5,,,T*57,3); SYS&CD(l,14,1).;jj): ;

'CD"MEfl' *** * * * * *** * s s * * ***
s S

. * PCCEL8T11S s
(PER FR0'.JICY,Pi A1Lr,PEF VL:YjïV)

* . * rGrfT.7"
* S * S * * * * * * * * 5 5 * * 5 * S * * * S S S
SYS? CTÇ1,, 3 ,,RGCL i;
'lF REGiL>20 'THEN' YSAC7C! 1 5:,53 0OC)67F

'lEtS!' SVSACT(l,14,);
OUrSTIWG (1 ,'F'ACCELEr.Ti'J'S i' 1; !Y ?CTI I, I 6, 1; fl1&7l
0UTSTRI;JG(1 ,'('SECTIOl AMPLÍT'JÇ) tfAS' )! i; '.Ct?Y 70r
SYSiCTil, 14,1) ; Q

Q'J7TRIrIG(1,'(' M15iC2 ')'i; O60P
5Y5,CT(1,14,2);
'FR' J:=t) 'STP 2 IU1nlL .11 'OT

S)MCE PRCGRAH PAGE 0J5
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Sc.

03632
00636

0636
0037
COE33

00641
00641
0O4j
03b4
00661
(0 'i'.i
(U641
Y)ô43

00666
00ò45
00ù4,
(Ji) 667

úu4!)
iJoo 53
0.) 651
0')i5ì
00o5

00o54
UOc,5z3,

tiC. o5ó
00550
OC' 6 7
(?CP59
(0661
Ci06
(jO 66
00 6(' 2
0O62
00652
(05b
006t.2
00653
('0663
Cs0664
O066
v0667
0065
00660
00670



EL- 

u9?LOOGOo(/r/)XwtaAA*(/ 
Li.aLOUC.O CTLOO 

OSL(JCJ c(/r/)DtLaIøt/'A/)AA+Sch) OILOO 
OlLO') 

Ln.LU:)OV 1ÜHIuCiH'd*9X ¡A t.OLOO 
LPO.D ?1dL$fld*UX=:fl 

'?LuUJU ah1rr/1*r:x st1Ii LOLO) 
utL(iJO ua ri I idJ (=:r,,rJ LOLO') 
cLC)) * s s s s * * s s s s S Ç * ; 4 * Ç * * s s ¿01.00 
L6lLL.0J0 * s LCLOO 

CAiiO1EA b2d' I)I d'A ]fl1dJ 3d) ¿OLOO 
t.,LtL(j000 sAVM ¿,v1flj3j .1 Si.0 MIOi 0t8' SJIU )NIJVH ¿01.00 
(J9ILL.'.)OO * ¿OLOfl 

LLO**a****************** iL3Wfi LCLOi) 
uLXC, !'jPj ir1CJO sNFUi 1UO3 - 9')LO) 
L.LL03O IL't'tiL)VSAIi/M'1H1t'ç9)X1 OLO') 
'.iLUJf) ti( wi': WI'lLL://S 000 

11 (.1 t. i) i' flt)t;IiLLIIO Ct'/'( ' 4t)X!1 001.00 
IL)OC t i ¡«1al ) L C ¡'SI 't )L3Ac 

(.(; JjS (jCuV i),' l)0I1a.LS1riO tï',I 't )J.viAS c9ØO 
=:(/t'I./)ZM IiVJ=:?'. Ó9OO 

LÚvL000J 0'O > GA :(.'O <t)/ *0WC I//).\AtO'' ìi i 769)0 
LUL'.iJ 

,::N 
JLU0G0 09)O 
vJLu0UO 2tl'kl)A. :.'Th F9OO 

(/t/)X0AsA4Iu*I;)s 'C:(/I 'S/fl'. L8'?0IJ 
ix0 

C 

'II)i Ç)l=:.. 99O') 

cc' ri iUNII t s. u=:r .j, 'eçQr. 
s s * s s * * * * * s * s * S s S * * * * S * S 

'Los, * z900 
* IALIJO1A bd'1Wiv d3d'Ar (tjJ 4ca) s 
s MV.L5IS (JüOJ ?303 
s * Z9900 

(j5L9itOu0 * s * s s s * * * * s * s * * * .LNI;;io. - ?8c00 
'Lago,) 

(i*"LS'','I)XI óL900 
Lt'Oth, IMIS*j'E'J'flL r'O''I)x1d ¿1.500 

Ud+1=:i LUI.LL C'=>fl sdls L9C0 
L5O() 

(AÇA+flr,)3tS=:=: I/W'O')4"c.I)V 
LuÙ033 X*G)(It.=:A £L0O 

t,*GXiiW=;rt L9.)O 
vv9Ojuû - tL9CO 
UvL'OOOOu /r=:i. std"9s ('L'0O 

1.V1 33fl0S 
5 ii., )ø kvaDobd 3iC,S 



SC

C0711
00711
C".17i2
00713
LOt14
C0715
C071ò
00717

00719
00719
00720
(,37
00721
0)722
F.'0723
00723
03724
c1724 1I' T:=('i-.J)*LL/JJ; CC')751
00725 'IC/4,.J/):=DM(/1,J/)*T;
007 V1(/5,J/):=OMt/2,J/)AT;
00727 It/6,.J/):=.(/J/)*T; ('.(Çi754
0078 '.U' ; 00"0755"
0i729 Z:SI'1P(;V1,LP0,JJ-,FI.fl)C!.b); r,fIfl.)7Sl.,.
00730 N:=1;
0073k
0J73 J:=2; )cmn7sç
00733
00734 U:=S'RTtALPII4*ALPHft+ f8F ) ; O0O07f,1
00735 1)(Ofl7fl
C073 'IF' ALPHA <=) 'THEN' EPSILOII:= EPSILI)N+IRO; ('000763')
CJ737 fLrt:=DrS(/'/2/); O.)0076.4)
00738 V:=.BS(OELYA)+IJ; 00007650
00739 tJ(/MA,K,Q,MI2/):=IJ/P.;
00740 FIXt 1,4,0,:i) ; FTX(1,,3,IJ) ; c.00',7670
&)742 FIX(1,',,3,I:PSILOI4) FIX(1,6,3,')/R); 00Cfl768
00744 FIxU,7,3,rJELTA); 0')007S'Y
00745 r':=6; 7:=SIIP(XA,LPP,Ji-M,FI.J'ICJB); 00')7700
00747 N:=4; ALPHA:SIMP(XA,LP0,JJ-M,FU'!C)-((PT7.-PTflSTXAfl0077l')

0000777"
007"? N:=5; ..
C)750 )1#2nP.HC'PSI*T)*S!'KW/r,;
0)751 (i:=SQRTI ALPHA LPIIA+ T*I5tT) ; OOt)')775fl

EPJL0': =ARCTAN(BET/A1 PI'A) 7, ; 000r17760
0u753 'IF' ALPHA <=0 'THEN' PSILOrI:= EPS!1PJ#10; 0000777')
0)734 (ELTA:=MMS(/'i/2 I) ; )Cfl177
00755 v:=ABS(OLTA)+IJ; Øfl')fl779(
00756 MMe(/MA,K,Q,M/2/):=U/IP.*LL); 0fl0fl780

_714_

S')JRCE PR%RAM
CJURCZ STATcMhÍ

. (VV(/K/)*R-IDPSI-U*SQ)-UACC(/J/)*
(v*s!Kw+2*vVt/K/)*P1PS1tS');

hLDS ;
;. : =FII)r,LL'( /JJ/2 ,MP2/) *2.0 ;
3LtJIK(1,16)
JSTR1JGI1,' ('5 ) 4 R I N G F O R C F S' )' I;

BLA!lK(1,22);
JJfTRiG(1,'('3 E .l ( I N G t O M E 9 T S e);;
.YSCf(1,14,4);
: JTT 1IGI 1.,' ('SCTI.)N &MDiJE PI&E ÂMPL IT'V

TILL WATER AMPLITIJN? PHASE AMPLITUDE STILL WATFR' )2 ) ;
SCC1,16,.J;
3JT1SI9G(1,'(' (T0I) (N0J 01M

t IrON) (N3 DIM )' )' I;

5iCTI1,14,2);
.)P :=0 SIP 2 'U4TIL1 JJ-? '0'

' IJ' XA:=LLi.P/JJ-L'%D;
'FOF.' J:=' 'S-P'1 IUIr1LI JJ '3f'

)

PAGE f17

000"729fl
)OOO73O'

()(.00732O
COOf73)
flO)716O

0000736')
0000737

S000074Q
000074l
0')C074
tW0074

000744.1
0fl7'451
OOC')748')
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S3JCE PRORLM PGE "a
Sc SOURCE 3TAT'tti4T

03757 FIXC],j4,,IJ); rIXC1,4,3,StLow);
00759 . Fx(1,s,3,u/(e11)); FIx(1,7,3,DF.LTA);
0076k SYSCT(i,i4,I); . OCO73')
C076: LL)'; OoCo7Rç
OO73 4G: OOfl78)
00763 'LNL,'; l)fl7P4l'
O)76 U[' ; .

00765 'iO;
OO7a 'ENO ;
00767 f)1UNTI * S * * 4t * * * * * * * * * * * * * *
Ot767 * t
OO7d7 * U-4 O L.F 11*. F!CT BLCCK i' OCY7'
(O7b7 * *
0)767 * * * * ' * * * . a 4' * i p * * * * * * * * * * * t * * *
t')767 s OOfl7Ofl
o:17o7 * TH eGií,.iu.c 3r TH SEC'l'if) 3L1ÇY
)0767 * * 9'71,.ì
3Ø77
00767 'a:GI'I' 'I..L'
0u7b7 v4,),v,vK,,Fr.,rc,cp,Eps,M,cc1,cF2; O0791'
0;i7d 'L«JLL4P P!:kc'm; 00!P0
007o i' ,I,RT,ST;
01)770 1I1'i L_(CI, rIF) ; IN! 1EC (,GM) ;
U')17. IhdLE. '4I), PtER.Y1I ;
00773 if-' Y' p!.SI; f44.)' 'M 'GTER' )C) TH' L 0C41
Qrj77 'LS ': =Q.;
0077 '3GIN' 'i;v' 0?1Mt
00774 (CCr.9O7fl
00774 Miii I(/i:/),GM0M,,0Mc,,Pr,u(/.:5F,1:1/),
0077('
00774 uFA(I)::),0:0,. 5*JJ/I ;
0977e. 'P:CJP' TF(x,YY,N'!,!JTl;
00770 'ktA!.. 1141; 'IiTECE u;i; xx,yv;
00779 3EPJ' 'I7Gr' ST; !J:=.;
O073 i1i 5T:=] 'STE'' i 'JN IL' 14'J-i 'r)fl' ¡4:=It1T4 ('0C8fl4
00781 .3(XX(/Si+1/)-XX(/ST/)l/2(YY(/ST+1./)+yy(/T/)); j5r.

U079 ND' T4PkEC,; O0'i
0O7i3 'kCF1;1R' IJ1T'/0°( I); 'I'-TGFR' I; OCrt9.7fl
00785 '(G1' '! ¡-=1 'TH(l' 'GOb' T4; :fl0flR1R.
C073( T4pFr,(nFF,SPSA,QA,KFl; TAPRFG(F,0FI,)h,i);
00783 îi4P(0FF,0FM,:,VO); 'PS:=SQ!T ((KF*V)_t44*i.4)/KC/ OOCOR?O1
00789 VS3); VK:=FT(I4/KF)/2/P1;
0079 vlR=SP.i(v)/'I4)/2/PI; vS5Q:=VK)/VIP; SYt.T(L,6,); (Cfl221
0079'p 0:JT5TR1rlG(1,'('4.VE')');
0)795 TW: (ACT(i,i4,2I ; OUTSTRING(1,' (tM) = ) I; 00fl41
00797 'IF' ¡=3 '.H!!' c0A1R5f.
0')797 'L.1N' FIX(i,4,5,3233. 2)*KP); 0UiS1IG(1,' (' )N,' P): o0rs25
00799 SYSACT(1,i6,i); 0LJTSTR!:G(I,'('AM°L )/ 1 PI; 00O°



S1D'JRC PRCIR*H Pirr o*
SC SOURCE 3TAli..cit1

00301 . KF:=SQT(F); .

OOtO! FIXU,4,4,146*KF ; C'tJTSìRIG(t,'(' DEGq.' )' ); O')COQ
0U804 SYLCfl1,.4,j); Q'JTSTqING(1,'('M'L inG :8 )I);
OOOb F!xf1.4,4,140115*KFJ; tJ'JTSïP.IFIG(l,'(' OIGO' )); OCO'31
00808 If()
003C9 'Lw' iCeI
C'O8)9 'EIN' FIX(1,4,5,KF) ; OUTSTING(L,'(' M2' )' );
0)811 SYSCT(i,14,t); OUiETPI1C.11,(tAMP1 1/3 ')'); flC.C!3'.
C")013 K:=3QRT(Kr);
00914 FX(I,4,4,KF+KF); °'JTS7!NG(I,'(' 14 )I);
(J3c, SY4C?(1,14,1) ; O(JTSrP.!I'(1,' C' AMPI 1/10 =' I'); 00l'rR5C

rIxc1,4,4,z35*KF); OUTSTRING(1,'(' Pl')');
0'iò2) 'EF' ¡=2 '7HN' 'GOT1' EI1fl; O1097)
U)821 'L'4)' ;

CO3Z. SY5ACT(1,14,2); no
()323 o.JrsTNG(l,'('or FCTnP (Fp$) =')'); O1'4N)
003.4 FIXI1,4,5,EP5j; YSACi(1,14,2);

JiS(Rr(;(1,'(' !O =')' ) ; F!Xl1,'p,3,VK'));
Cû826 ft.CI 1,14,1); 1:=I/VKI; fÇi(4'1
0u83. JJu'TF.Ilr,fl 'C' ¡ =' ' ) ; F!X( i ,6,3,T) ; (C D'4'

iJTSTR!IG(1,'(' 3C')'); SYS.ACT(1,14,1);
1 I1STIIC( 1,' 1' 11 =' ) ; FIX (1,4, 3,VK) ;

003)7 jr,!,c(1,'('p')n1 1J:); FIX(I,4,3,VSS);
00j3' ,It: SYI.CT(,14,'.);
'J0840 NC)' iJiV'I.F.;
c0841 '.)MIE'If' a * * t t * * t * a a t a * * * a t a * t * ocn'sr'
0084:
00841 O A T 4 1 1 P U T a 000'353n
01841 * 0t54
00841 a t t t t * a t t * t * t t t t a * a * t t * t t *
C084. IIAL('),ALF);
CJ844 I 4RIALM,Fo) ; ¡ 1cEALU,FC) ; INRE.L(0,CP); Cfl(()571
00347 ¡ I4L(0,L) ; !lL(c',t'P) ; ¡N4RAVCO3P) ; no'cm
0035f) '¡F' - PIER3Or4 'TH'4' tr,rTo' K1r; flfl0flP5'1
00'35L j 4AP.R4Y(0,PIe); ¡NAPRAV(n,P') ; PIRi%L(O,CF1); !JIt CO30'80
U0d4 ::2); 11!NrGaR(O,AII); I'4ITEr,RC),.1); !fl4Tr(o,Toc.o68h1n
00857 J; 1'!fJTtGER(0,RT); fl4!tTEGEF.(0,ST);
008t0 KL.i: 4:=;
00861 'FOPS' 'IA:=I 'NP' I 'UPFIL' A'I(l 'p1' 0O'63'
00361 'jGIt' F0R: :=i 'STZ' I 'UNTIL' NV ')0' 0cr)p.63rp
ii0861 '3EGI1' P:=51T(t.LF); V3!=VV(/K/)*CS(MUR(/Mi/)); SYSACT(i,'5,));cH'('"3f,

8JTSTl'1G(l,'('DfRECTICP 0F MAW TP.AV!I. ='I'); 0q3
FIX(l,3,3,M'JR(/'IA/)); O'JTSTRING(I,'(' Afl.,')');

0)367 SYACT(1,14,t) ;
00868 J(STF.PIG(I,' C' '

0UC68 I; SYACT(1,14,2); flUTSItlGC1,'C'V =));
03871 FIX(1,3,3,VV(/K/J); C'JTSTRIMG() ,'( /SC PI =')'); OOCn663
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SC
SOti?.Cà PROGPAM

SOURCE £TAi4Jir
PAGE l.1

OOO4 . JTSTR!liG(I,'('?tEA!UPED SPECTRuM :')' );
00905 . FfX(1,4,O,UiJ); SYSACT(1,14,fl;
OO9O7 . O'JTSTR!UG(I,'(' OMZG. WAVE SPECTRUM'P); 00009151
0090'3 . . . SYSÂCT(1,14,l); 00CflU
009t)9 U'JTSflVNGCI,'(' 1/SEC M2SECt)t): flC'0fl17')
.joglo SYSACTIL,14,2);

F0R' ):= 'SlIP' i IUtTTLt CM '00'
coorqj9n
coioiq'

00911 '3C'I!l' r-1x(1,3,3,wM(/'J'J,/));
0uC12 FIX(1,8,3,G;ISP(/1JJ,')/)); SYSACT(i,14,Ji; (0Ofl'
0(9j4 SP2EÂ(/)/):=GMSO(/?JuJ,')/); 0001"22fl

0FF/Q/):=MOM(/1'IJ,C)/);
0O16 flFC/')I),=5PSEi(I0/)*OFF(IQII*l)FF(19f); 000fl4
0)1F !)FP1(/Q/):=0FN(/Q/)*ÇJFF(/Q/)0FF(/0f); 3fl0'2)
0013 9.H(/UuJ,t)/):=19M(/J,Q/)*P;
00919 SPG'4(/'J'J,Q/):=GtSP(/tJtJ,1/)/ALF/ALF/P; eCI0Ç27t
0)92) ..4!'' ; 0Qf',IQ?cm
00921 'i1TV(1); G192V
00922 lN ; )(flO(,)
00923 '' U'J:1 'SEEP' i 'J'JTlL BF 'DO (fl911
0.J92j )S' i3:=1 'STZP' i ir.!TL. Cfl 'O')'
00923 'F' ' 51:1'' 1 ''JTIL' G'l-1 ''Y"
00923 'ûI'I' t,:=I+1; OMU6K):=t4(/9,K,')/);
0025 'IF' O*GA(/iI,K,1/) < )M!kQ TII1'
00925 '3:Gi'i' 'IF' 1MiAQ )= 1'IGM(/!I'I,M/l Ç

00925 .)M'IAKf) <= i:4r,1c /LJU,QA.F)
00925 'i:iii' 'GOT')' KP flfl033i
00925 ',LSi.' 'GOTO' KLUIS
00925 ,r,.Iv
00925 ' ¡F' )'1MAK <= Q9('( IIJ(J,M/) i:
00925 C"1?'AK >= 0MGMC/:I!J,Q/1 TIII'
00925 K.P: '2GIM
00925 I),M/))*(q!KQ_fl11(/tJU,4/))/ Ø651
00925 (0MGM1/UIJ,Q./)-CPlGM(/UU,M/));
009th M=GM-1;
00927 '4D'
00927 'LS'
00927 KLUIS: '1F' M=CH-1 'TIIEI'
Q:J97 'E&f.l' 5YACT11,14,1);
00928 OUTSTRING(1,'I'GEVRAAGD! FiQ'JITIE LI(T NI IN0O92
0092'3 GLMET SrcTUi')'); SPS(/UU,Q/):=0; 00')1'3fl
(0930 'M0' ;
00931 'ENo';
0093a - 'cNO'; Of56O
00933 P:=(Q.I1G*LL*2*B(/JJ/2,MP2/))*?;

P:=P*LL.*LL; oocoq'
0959

00936 5YAï(1,I5,1); 00009',?')
00937 3JTSTRIIC(l,'('0IRECTI0.'1 ir WAVE TRWL =' )' ); 00009f,?'.



00938
00940
00941
0094t
00944
00946
00948
00949
00950
0095U
00950

0095 ¡
0095g

(JO') 54
.Ju'5'

')O ?5'
iJ() 954
009 5'
00954
(10954 UI
00957
00957
00959
00 9
009t1
00961
0096 t
0096i
00961
00961
0O91.
00961
30962
00963
00' 65
009!j6
0') 967
00968
00968
0090g
00970
tri Ç 72
00974
00976
00977

0CGO42'
N0fl9A23
00000''4
OOflfl9IS2
000fl°tc26
Or,n,'I',7
0e0flqç2'
00062r1

Of0C 4)00C'
IY)r. 0'66'

O OC O 1

flflCV)fl74

79-.

SC SOUaCI STA1MUT
S)URCE P1JGR.M PAGE ')2

t t t t . t t t t t t M t t * t * * t * *;fl'fl7Ç')
L1JÏ iIfl( l'li! )Mrç, V U.W PtC?J1 HAV PrVq('i)C7')

pIT:u .PC1kJ'1 Arc) '.3IST-. PtCTr )'); SVSACT(i,14,fl; VA:=r; 000"9771
'F') -):= '3rVP' i V(JN!LI Q 1)9:

aG:i' =5I'!-A(/0/) ; Jr,KW:=Q*Sa); coe , 7! r,VC:=4: ltV0/( CCCO')7
O1'W'C7')i

:ji vv(/l(/)ï.o IT}(UIt SP:=SPS(/UU,Ofl
'LLSEt 1TF' 'lC<( 'T:-i'i OC9'794

SP!SPS(I!JIJ,Q/)/5)T(1rtvC1 OCP''7fl
LSC1 'IF vo<oc 'T'lF'

sp:=sps(/IJ!J,9/)/sr(I.o+vc)
'LSI' 'IF' VC)VA E'I' Ofl')0'7"

S!:=SPS(/!JU,Q/)/Slu'T(I OVC) ('CCt09799
tl SP:SpS(/u'J,Q/)/S.1r(jovC); C'CO9!'O9
Vt.:VC; 0"009P1')
.ÇPS(//) :=5P; flIF(I/):= 5'); OOCO9.q20

OFM(/Qf) :=1FI'.!(/Q/)tQFF(/0/)*lFF(/Q/); 000fl9°4')
000t)°R5t

000fl9p7!)
0FRW(/Q/I:=StRAwlt/MA,K,o/); C'0O')9883

(Cir09QM')

FIX( 1, 1Q,4,riFs(/o/) I; FIXt) ,8,JFR'!(/iI) I; (1G009919
IF' '!lYr' BCOL 'THEN' 'r.rno' G"i; OOO9°2

'FOR M:=O 'STEP' 2 tlJI.J7ftt jj_ : O000991

FIXt). ,3,3,'4UP.( /M&/) ); 0UTS7RI()G(1,T (' )t );
Y5I-.CT(1,l4,!) ;

G JfSÏ. I!IG(1, '1'
SYSACT(1,14,'); lOISIR! 'iG(1, ('V =11);
FIX(1,3,3,VV(/KIfl; 0UTSTU'G(1,'(' 'isrc Fr =, It I;
1(1,4,3,VV(/K/IISQP.T(f*LL)); SYSACT(1,14,I);
rd.'rSÏR:Nc(l,' t' 'I');

fSACî(1,l4,fl
t FJF' !1J:=1 I S1EP' L 1tjrjr L' BF

'LtG1I' lift t1J=1 'T'I.1' 3YSACt1,!,1)
'LLSE' YS.C(1,tf.,5;

'!F rirar ITHE1I )t T'I'J(J.,'('SPrc'iM :')')
t.(.$Et oIirSTp.I'iG (1,1(1 ' A(I) O SPCTRoM ):

)

F1x(j,4,O,u'J); SYSAC!(1,14,fl;t(.M1&Uil t * * * * t * * t t * * t t t * t * t
*
* w.vt SNCTJ:i, gAV SP.CTU1,PITCi1 SPCIRIJ1 .tJt)

* "f)O TAICE SPC;JM
* AIGLE,PER V[L0C1TY,PF. SPEC!J1)

* tt
t
t
V

t
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CT?

SOURCE PROGRAM PEG! 023
Sc SOURCE .iTAi . (-
OO77 '3G!N' ¡:=M/2; 000)çq4)
0097U . . flF/Q, I I) :.=SP*CDO(/MA,K, Q,!/ )t*2; 0000eg,
00979 . OfM9I/Q,,1/):=SP*Mr1(/MA,K,Q,I/)**2;
OU8t) , ENO' ; o3oq7
U0981 G.tDN: : Jp; : 1. ISTP: I ' 'pull' US ' cm'
00931 I 3EG!Pi' OFP(I,Il/I :SPal(/MA,P(,',fli1**2;
0C932 . t)Fa( i,riii :=OPP( /u,IJ/:*SIGKW; O:'or
OO?83 'flD'; . Oc'Oi'otin
)0984 :j .j:=o '3TEP' 2 tJT!t' .JJ 'D'TP
(u9, oj'
00985 OFV(e)/) :=SPZa(/Mi ,K,Q , ïSI)**2; .o1 C'O6)
OO6 . JFY.(Iqf) :=.1FV.(/Qt).* S(GKW; !1#)f 1()05'1

00987 CFK(/II OJOL)O6O
u) ,37 S(LL/'.) )**2.; aor)torE7'
OO.8 fl(//ì:=)F(I/Q/)S1GKU; OO(tCOY)
00989 'cJ) ;
00990 Il'flFF.(]); 0001fl1');)

30991 ìPr.G()FF ,0', F) ; fl()CI Ql Ïfl
00992 SY'.CT( i , 1,2) ; OU fTRIPi(l,' (f HEAV!' )' I ; C01')I '

001fIV) J
j995 'Çflp,(ICf,OF,Ifl,KC),

009)6 YiCï(1, 14,2) i (1Jr?.TRT.MG (I Vt O ¡It1t ) );

30093 !1lTVER(3)'; SVSt.Cr(l,3,QL) ;
31000 'ir' P.GE:L.°+IS>59 'TitEl' 5ycT(!.,l:,2) Wt1017n
01I0., 'LSZ' SS/.CT(1,i4,2);
01001 1F' LI1J=I bT;rN SYSACT(,J 14,2);
0iU0 CfJ'M4T' * * * **:* * * * * * * i * ** i * * ).flf)iO
01332. * *

OlOtj2 cLAT1V MDTI']4S QC1C,10?Ifl

01002 * (PI-R ANGLE,PCP VEL0CflY,PtP. PEC1 RUI) * 0fl01)1
01002 *

01002 * * i * i * i * * * i * * i i i i i i i ** *
C100 3JÌ5,rl G(1,'('RELAIIVE II1TIflNS')'), OCfll"24)
.01003 EYACT(1,l6,;2); flD0i7')
010ü4 JIS(PI'lG(l,' ('LNSTH (M) F PrtIBAaI,LITV ;'.PM.0fl0l926'
0304 PER HUIR' l'i; SYS4CT('l,14,2,) ; fl00l027
01006 ):1 STEP' i tIJNT7Lt fiS1 'Di 00lO28fl
01006 '];i' 'F3R' Q=1 'STEP' 1 IrLTIL' Q 'D')' O0Ci029
01006 'ac;p OFDA( 3/):flFP,(/,tI/:) ; 010103O0
01007 OFMM/Q/) :=OFR(/Q,.M/) ;
0100b 'eND'; 00fl1032fl

01009: VLPREGWF,OFDA,Q0,M); M1:M+M; 0001
0101.1. TFPREG:(1FF,OFMA,ThSPI'; SP:;rSpiSP; 00010340
01013 KFrtXp(F(/i'1/)iF(/N/I/M9) 00011)350
01014 .Ix.U,3,3,L(/JIi1; F1X(i,7,3,F(/W/)); OO!036fl
01Q.C, 1 I:rS'RT(5PM3)*KF/2fP:T;
01017 FIX(I,5,4,Y.F); FIX(1,1i,l,3600*sl9);
01019 SYSACTÇ1 , 1.4,11.; QUOI ('390

J



-

24

01C4 * t.CCFLIT1CIS
014à (PER 4L,'E vCLCCITY,PR SPC1.WI)
01046 t *

a a * 'a a a a a a a * * * t * * t *
0104e SY?.CT(,,PE(EL);
010'.7 'IF REGL>37 'fIEN' SYACT(1,15,5) r01064fl
01047 'ELSE' YSAC.T(1,14,4); 0ic#5I
01')63 0UTsTg1iJG(.,'f'ccFLLç4T!o11S')');
)105C O'PTSTRI;IG(1,'('S2CTIO,J t.MPL 1/'3);
015 OUTSTRIIIr,(?,'(; M/C2')');
01054 'F' J:= 'SrP' 2 ''JNTIL' JJ 'OP
01054 '8EN' 1=JF2; flC70'
01.C55 'FOP' -:=i 'STEP' i :ijjc 01 '00' .FA(/')/):= (1fljfl7
UL0fi "FÇ(/Q,P/I; C)(172'
01u5 TRfPP.E5(r;FF,,lFA,Q),ME);
01057 FIX(1,4,0,J); FI1,8,3,2t5f)P.TI)); 00CI07'
01059 3YSACT(1,14,L); Q)01fl75fl
U1C6J '.Nù' ; 0001.0761

fÇl4MENTt** ata ta ta a ***a tat 1001fl771
01u6 t t 000' O78
0106k * AJD(O 1STcE MU) POPR 1CD.tAE *

01061 (PEP. Â'IGLE,PE VEL0C!1V,PP. S0ECTP.lr.i) a eoo1con
0161 a a
01061 * * a * 'a a a a * * a a a a a s a a a t t a t t t t
O1'Jol SV5ACÏ(1,14,4); 00010331
0106.i fl'JtZfP!!G(1,' ('PI)E') F IT4J'.r ' ) J; 0flO10J41
01063 TP.tPP.EG('JFr,FR4,CO3t43); FX(1,R,3,M+");
01065 flU(STRING(1,'(' T0')' ) ; SYSCT(1,14,t); 0O01086
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SOURCE PtOGRAM
SC SOURCE 5TuhHcdT -

0102Cl . . -'kNi';

GE

01Ù21 . T'PPG(OFF,1FV,Q,M); VSQ:=Mfl+M3; flOO1o41'
01U23 ¡APR(flFF,.'Fy,Q,Mß); VS5Q=MB#'4S; ?CC1C47fl
01025 Tb.REOFF,OFK,QQ,MB); VK) :='4!+M3;
O1t27 TPEC'dflF-,r)F3,Q.,.jß); V!( :='ß.M);
01029 F!X(L,3,3,1(/f'S/fl; FIX(1,7,3,F(/P1S/));
01031 M:=Ft INS/)_FC*ZtB(/JJ/2,9P2/)*L1*VV(/K/)aVv(/K/)/G,1L 001O46n
J1)3i O001.O47
01.032 :=XP(-!a iP/KO); wSs7VKR/v,Q*F/2/Pj; COI)'
01034 FIX(L,,4,KF); F!X(1,L1,I,36COa');
(103b Ji.!4G(1,'(' HIPPINC-')'); O0105C-
01037 YfCT(1,l',!); F:=CPtS0RT(G*1L);
J1_U3'! ice: =X2(-DP*'/V-KF*KF/VSQ) ; CCC1.C'?fl

FIX(I,7,,0P);
0104._ FIXU,,4,KF); flC0!e54')
01U43 M.i: =3'JS0:T('/VY)ItKF/2/P! ;
OLj4's F[X(1,11,1,IIi); (O1'')
0104 JtTTF!!0(1,' I' LMfl1PiC 1'); C201'67
0h,j4o 'C)MMr:NT t * * * a a a * a a * a * * a
O1'J65 t *



SC souscE 3TAIEMcNr

01067
01068
010ô9
01070
01071
01071
01071
01071
01371
01071
01071
1C73
f) L j7 5

C1u7.,
01C77
01077

01 17'4

0105(1
¿H. 0'3 U

01jC_
01)3;.
01. Y33

01 JB

01067
01U83
VI .J8

01092
01093
01 09'j

0109 '

01u95
01090
01097
01097
01097
OlUfl

01')97
01099
011(2
0t1L
01 bC
01111
31114
01117

SOURCE PRQGP.M

000
0ØØ Lrii')
OflO t i.oi
fluIÇ 1(Ì1
Q.fl1 J f%3
0'1 i r'4
Ç0) 105'

roe) i r.e..
r.riii '7f)
0001 1'i!
f)C'CI t0U1
C..)") 11 '
('0011 1i'
f.c.c.) i
COOl)) .1
00011 )4r.
C'OlI! 5f)
O')')1. 1161
0001 1171
0001.11 1
00") 1) g';
0001 JJCif
C.CC'J .20"
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0!J(TRIRIG(1,I I 'POlER !ICASE =' i'); ,n10'7O
rixi 1,8,3,Mh*VV(/K/)*10C0/375) ; 0'01C8R
3JISIF.Ir.)G(1,I(I EHP'P); 000Ic,'3q0

- 8'lOL 'THEN' 'GOT')' WATER; 0flOiflÇ.,
C!M1.MENT1 S * * * * * * a * * * * * * * * * * *

a * Q(fliO21
SftAR!M F]RC3 ANO HnrIG MMNTS ' 0O0I093)

* (l'ER AtIGLE,P)R VELOCITY,PER SPECTRU1) * 00010940
a *

rv,.Cr(',1',5); ßLA'!Y.(1,1fl; OCl01;V7Ö
r'Jr.TRrrw,c1,'I'-cAQ!Mr, P('RC (T'Vl))'); OLFNI,7);000b01
ouTP.I;l'3(I,' ('it;DING ;.OJ1MT (MTO'l)' )' );
SY8CT(1, 14 2)
cUTRI,I0(1,'(SCï1r.rl AfI. 1/3 AMPL 1/lo
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F 14::') 'TLP' 2 'UiFiL' JJ-1. '01''L1I' J:=M/2;

'rop '):=j 37LN ; ''J:JTIL' Q.) 'DT'cui' 0iiPI/Q/):=ZFfl(/0,J/);
0F4( /i4/) :=OFMi3(/Q,J/)

'jnl

TP,.'(1FF, ,f)Q,'F)
=rtPsMP.)

F1x(1ç.3,3,M9+MO);
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F!xc1,q,.4,255*MB);

e_j4):

WAT:
I_'4_)'

4[J1

'Ci)M,I[NT' * * ' * a * * * * * * * * * * * * a * * * 0('01!21('
* * 0r011220
a 1) ATA OUTPUT * 0O0i!2fl
a * CO01124'
a * * a a * * * a a a a * * a a s a a * * * a * * * a *
f5.\CT( 1,i5,4) O.JTS(RI.iG(1 , ('INPUT')'); f) C.C. i 12 61

lECT( i, k'.,3) ; )J7STP.IIG( 1,' ('II :1 'I F I (I , 4, r' , T I); or'C.1 I 27
VS/..T( 14,1); ,UTSTP!G(1,'('JJ : )t ) F TX I 1,6, .3 ,JJ1; 00011 2R0

r.JTST! 'IG( i , s ip 4 e ) s ) ; FIX(1,4,C),MM) 01f) 112 qn
Y.ACT(i,i,,3 I; L1tJT'7R11I'3(l ,' ('C)Q : )5 ; FIX(1,4,O,Q')) 00011300

&Y/CT( 1,14,1); P'ITSl Rl i '1' !.f, = ) FIX U,6,",9V) OCOtI 1n
L (S.CT( ',1'., 1); PITSTRUIG(1.,'('LL ' 9X(l,4,2,LL) flCOI 1321
LYSACT( 1, 14,1) r!'JT57PbIGI I ,'('RHO s' ) F1X(1,6,4,.HO); 0001133"
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0112(1 
01123 

01 12Ú 
01129 

01 13 
01135 
01.137 
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(11 14 
Ji 4'. 

J1141 
i) ii't3 

fl 14 
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011 
01 147 il l4 
31 1IJ 
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0115 o 
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t) 1159 
(111 ) 

01 
O11 
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01 1L7 
)1 i c,9 

o: i ¡ 

(.11 7 
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01152 

01 lES 
011 C 
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(11194 
.97 

'Ji 
fJ12(' 

t) 12 0 

STJCE PROGRt.M PAr-E 
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Ocal I 
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cet" I 46' 
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""a! 14')fl 
ocol I 

("'011511 
0001152') 

e01 i 3çb 
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r%rO) I 

.1flpJ 1 560 
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00.01) '0 
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"OC) 1',") 
00f) 161-) 
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C'«)) t 631 
00011 66') 

0(01) 650 
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SYSAC1( 1, £4,1); 3LJT5Trt'.'lC(1,''G t)t); FIX(1,4,2,G I; 
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I3%Sr.:F,.I. t:) IST'P1 I ''J'JTTL '1P? 'DU' F1X(3,3,3,3(FJ,M/)); 
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I :ipi: ; 
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Fr.' J:,., ;P I 1J1-fl!L' jJ 'CQ I(3,3,3,)(/J/)1; 
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'F'F' J: ',iP' i 'tJI'IL' Ji 'DO' FIX(3,3,3,;S(/j/I); 

W7i' L; IU:Y(l(j,i4,2); '"1iST?Ji!GU,'('FACT')); Fr((1,4,4,FÂCT); 
LZ: Y1.i'.CT( ¿, .,2) ; IIJ1 T!C(I 't, MIJç( IU.lfl) 'I I; rllk' J:i 'l.ïP' I '(l!!L' '0)' FIXt3,,,9IIC(/J/)j; 

Y.-C7(1,i',,3); )')7ÇTI!JG(1,' ('6F t I'); PtXU,'p,0,P.FI; 
YA((A,i4,1l; fllTSP.!fJG(1,'('r-M =')'); FIX(l,4,Q,'M); 

5V.iC7( i, 1.,1) ; 0JTSr'.!f:r,( 1,' t' P!RSC'i ' I'); 
t 1F' OJST!W(( 1,' (' i.'J!' )'I 

'_L Q'lTST't!t!G(1,'C'FVE')'); 
VS4CT(1,i.t,1); O'JTsTr!IJG,'('ALF =')'); FIX(J,4,3,LLFI; 
SYSAT(i,4,1); lT5Tfl!!1I(i,'('rELTAZ =1);); FIXIJ.,1,3,L147.); 
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S'L-CTL,i4,1); fltJTSTp.!F13(l,I ('FO =') I; F!Xt),-i, i,DI; £fA.1(1,p.,jI; rJ'JTSTPI'lr,(J,'('FC =')'); C!X(1,.,,FC); 
YSAT(1,14,I); 0IJTSTS1t!G(1,'('L =')); 9X(1,',3,1F); 
SYA1Ii,i4,1); '1JTSTTUG(1,'('PP :):); FIX(1,4,3,DP); 
SYAlT(i,1.4,Z); flUTST.1:lC1,1 t' F(' :'JS) :')l; 

'F)k' J:=j. '(EP i 'IPV!Il.' NS '00' F1(3,6,2,F(/J/)); 
' 1Fb Pt50 'T9E' '';')T'' Fit); 

SYS4T( 1,4,21; OJTSTIUWG( 1,' 1' 'I? (1 3) I. I 
'FOR' J:=j 'STEP' i 'UiJT!L' eF 'DC' FIX(!,',2,1S(/J/)); 
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FULL SCALE MEASUREMENTS AND PREDICTED SEAKEEPING
PERFORMANCE OF THE CONTAINERSHIP "ATLANTIC CROWN"

by

W. BEUKELMAN and M. BUITENHEK

Suniniary

On board the containership "Atlantic Crown" measurements have been carried out with regard to:

the sea waves
the heaving- and pitching motions
the torque and number of revolutions of both propeller shafts
the apparent wind velocity and -direction.

The measured values have been compared with predictions for power as well as for the motions and satisfactoryagreementisshown

Introduction

in April 1972 a team from the Shipbuilding Laboratory
of the Deift University of Technology performed
experiments on board the containership "Atlantic
Crown" of the Holland Amerika Lijn (HAL). The
particulars of the ship and its propellers are shown in
table I (see page 28).

The main purpose of these experiments was to com-
pare the actual increase in, required power, as calcu-
lated from the data obtained, to values derived with
the added resistance in waves as predicted by a new
method based on the principle of energy balance [I].

To obtain a reliable estimation of the sea wave-
motion a buoy, equipped with an accelerometer and a
transmitter, was used. The vertical accelerations of the
water súrfáce were measured and transmitted to the
ship This signal, picked up bya receiver was recorded
on tape together with the measured heaving- and
'pitching motions of the ship. During a run the torque
and the number of revolutions of both turbine shafts
were also measured in order to determine the power.
The apparent wind velocity and -direction were

measured too. These signals were recorded on paper
by means of a servo recordér. Afterwards the wave
accelerations and the motions vere spectrally analyzed
by means of both a digital method in use at the Ship-
building Laboratory and a hybrid method, developed
by the Mathematical Centre of the Delft University of
Technology [2, 3].

The measured wave spectra were used as an input
to calculate the heave- and pitch spectra and the mean
added power in waves. Together with the measured
still water resistance (from NSMB) and the results of
wind resistance experiments with a ship model, it was
possible to predict the total' shaft power using an
experimental propulsive efficiency, These predictions
were compared with the final experimental results.

Report 336-P. ShipbuildIng Laboratory. Dclft. the Netherlands.
Report No. 165 S. Netherlands Ship Research Centre TNO, Detti, the
Netherlands.

Since the prediction neglects horizontal motions, it
may be ascertained, that with respect to power the
agreement appears to be satisfactory for wave direc-
tions within 30 degrees off the bow and stern.

The agreement for the motions is satisfactory for
the higher frequencies, however, less reliable for the
lower frequencies. Generally these full scale tests
confirm, that the present procedure for determining
the added power in a seaway is useful for practical
purposes.

i Measurements; on board

The experiments in waves on board the "Atlàntic
Crown" were carried out in the North Atlanic Ocean
from 25 March until 3 April 1972. The ship was sailing
from Southampton via Le Havre to New York.

Seven runs were accomplished for measurement in
waves, some of them in following seas.

Before each run a wave-buoy was thrown overboard
in order to measure the wave height.

The length of each run was limited by the power of
the transmitter in the buoy. This lack of sufficient
power as well as the existence of interference from the
radios of surrounding ships caused sorne of the runs
to be too short and consequently omitted.

1.1 Execution of the experiments

A description of the wave buoy and its construction
has been presented in [4] and in 1.2.1. Due to the speed
of the ship it was possible to receive the signal of the
buoy for àbout half an hour. The signal was recorded
on tape as a frequency modulated pulse along with a
reference signal. Tape speed variations were com-
pensated when the demodulator is controlled by the
reference signal: See [2, 3] and 2.2.1. lt was necessary
to wait several seconds after tossing the buoy into the
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Fig. I. Ship's profile with denoted
measuring locations.

I. Pitch
Torque and number of
revolutions
Vertical acceleration (heave)
Relative wind velocity and
- direction
Antenna

App.!

water to allow the wire, to which the stabilization

weight was tied, to unwin4 from the reel.
Once the stabilization weight hung freely the buoy

would float erect with its antenna upward.
The run was immediately started as soon as the

antenna could be seen in the upright position.
The heaving and pitching motions were measured

with the aid of a stabilized platform located as denoted
in fig. L These signals were registered on'tape too.

The relative wind velocity and - direction - meter
were installed on the fore mast to avoid the influence

of the bridge.
Both. signals vere recorded on paper by, a servo-.

recorder(l.3.2). The torque and number ofrevolutions
of each turbine shaft were measured about 12 rn behind
the turbine. The torqüe was determined usin' gstrain-
gaugesconnected to the periphery of the shafts ('I .2.6)
In this way it, was possible.to measure the. fluctuation'
of the' torque in the sea.. The power delivered by' each
turbine could be'determined by the measUred number
of revolutions and the torque. The power 'could also
be read from the ASEA-meter in the engine room.

The torque signal vas registered on paper by a
servo-recorder and the number of revolutions was
recorded in a digitized form.

On the bridge the following data a:o. were observed
during each run:

- the ship speed in knots -

- the ship's course
- the estimated height of wind waves and swells

- the estimated direction of wave travel.

- the avçrage rudder angle
- the ship's position

During each run the ship's course was kept as constant
as possible

As soon as the signal of the wave-buoy was too.
weak or disturbed the run was stopped.

When the water surface was very quiet the torque
and the revolutions of the turbine shafts were also
measured to determine the still water power.

i1L

195 D9

99.78

çpp
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I .2 Description of the' i;Ieasuring instruments

The following signals.had to be measured during each
run:

- the wave height
- the heave amplitude

the pitch angle
the relative wind velocity

- the relative wind direction
- the torque of both propeller shafts
- the number of revolutions of both shafts
- the ship speed...

Fig.. I shows the ship's. profile and the. 'places 'from
where the above mentioned signals were measured.

1.2.1, The wave-buoy
Wave heights. were determined .ith the aid. of the'
wave-buoy. In order-to perform' this purpose; the buoy.'
was' equipped with an instr,ument.which measuredthe'
linear vertical accelerations of the water surface.

T'he information of the vertical acceleration was
continuously tra nsmittéd to the ship by meáns of a,
wireless transmitter

The electronic part of the wave-buoy consisted of
the following parts:

- the accelero-meter
- the auxiliary oscillator supplying the accelèro-meter
- the demodulator
- the frequency modulator (FM)
- the transmitter with the antenna
- the stabilized power supply
-, the batteries!

The mechanical part of the wave-buoy was composed
of these parts:

- the spheTically shaped floating body
- the stabilizer with wire
- ths.. reel for the wire
-. the stabilization we.ight
- the antenna.

WL
0tILpp



Before launching, the wave buoy is set into action by
a reed switch.

Once afloat, the wirecan freely unwind.from the reeL
The length of the wire can 'be chosen according to the
significant wave length.

The stabilization of the wave-buoy in vertical posi-
tion is shown' in fig. 2.

Sia bili.,

A moment of disturbance M will cause a rotation i'
of the buoy about a horizontal axis. The righting
m'ornent may be written as:

F1!1 =11'Gsinjì (1)

in which G is equal to the stabilization weight.
Characteristics:

Manufacture; Shipbuilding Laboratory, Delft Uni-
versity of Technology.
Supply ,,, ±9V
Frequency of modulation 2300 cps
Sensitiveness 500 cps/g

Radius of action 10-18 miles
Transmission power 250 mW

Frequency of transmission 27 mc
Buoy-diameter .43 m

Length of antenna l.50m
Length of the wire 40 rn
Weight of buoy 10 kg

Stabilization weight 10 kg

Remark: In the future the transmissiOn power will be
'increased to I or 2 W in order to enlarge the radius
of action.,

.1.2.2 The stabilized heave accelero-meter
This instrument may be divided into two parts:

the stabilized platfOrm'
the linear accelero-meter.

The stabilized platform consists of the Flux Gate
Compass assembly, which is stabilized byan electrical-

H------'------4y-driven'gyro. - ____. . -- -

The gyro is made to seek the vertical (with reference
to the earth) by means of a rolling ball-type erection
mechanism.

The erection mechanism is driven by the gyro
through the medium of a magnetic drag cup. As the
erection mechanism turns, a steel ball rolls around a
circular track on top of che gyro 'housing.

The accelerometer is rigidly mounted on the bottom
of the gyro assembly and is thus stabilized in a hori-
zontal plane. This accelero-meter is a miniature self-
contained servo mechanism, which automatically
measures input acceleration by a null method of
achieving balance between two opposing torques
(fig. 3). The device is comprised f a R-F oscillator,
torque mechanism, power supply and output system.

«
PowOl
'apply

Fig., 3 Block diagram of accelerometer.,

Linear acceleration 'along the sensitive axis Of the
transdUcer causes an' input torque on a pivote inertial
system comprised of an unbalanced moving coil and'
- vane assembly.

1f the input torque is not completely balànced by
an opposing torque due to current in the mOving coil,
an angular displacement of, the inertial systeñ results.

Only a minute angular deflection of thê' inertial
system is required to produce the current through the
moving coil necessary. for a precise balance of torques.

Characteristics:

Manufacture: Donner Scientific Comp.
Range: 2g
Accuracy: ±0. l%Of full range
Naturàl freqUency: 100 cps

1.2.3 The vertical gyro to measure th'e
pitc'h angle

The vertical gyro control has an electrically driven,
vertical spin axis gyro, containing two variable trans-
former pick-offs,. which detect the angular movement,
of the ship about the pitch axis.

A 'liquid level' switch mounted. on the gyro serves
through torque motors, to maintain the gyro in its
normal upright position.

Characteristics:

Manufacture: Sperry'
-
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1.2.4 The anemometer

The anemometer for measuring wind velocities Con-
sists of a cup.unit and a frequency-meter.

Eight magnets are regularly distributed around the
periphery of the axis. These magnets pass a reed
switch, as the axis is rotated by the wind driven cups.
The pulsating output signal is transformed into an
analog voltage, which is proportional to the wind
velocity.

The cup-unit was fastened at the top of the fore-
mast in such a position, that it received a clear wind.

Characteristics:

Manufacture: Koninklijk Nederlands Meteorologisch
lnstituut

Sensitiveness: 8 pulses/rev.
Calibration: 0.48 knots/cps

1.2.5 The wind direction-meter

The wind vane is connected to a potentiometer, the
medium position of which coincides with a position
of the vane parallel to the ship's longitudinal axis.

The vane unit was also mouñted at the top of the
fore-mast in such a way,. that it received a clear wind.

L2.6. The to.rqu'emeter

To measure the torque. of the shafts such a system has
been chosen, that the torque-tension in the axes .was
measured. by means of strain gauges.

The FM wireless transmission system has been used
to measure from the rotating axes.

The measuring system may be divided into two
parts viz.: the rotating- and stationary part.

The rotating part converts the resistance change in
a full-bridge strain gauge into an oscillator frequency
change and radiates this frequency through a coil
wound round the shaft.

The stationary part consists of a frequency signal
pick-up plus a discriminator to demodulate the fre-
quency change and provide a DC voltage whose
amplitude varies directly in proportion to the original
resistance change (fig. 4).

Characteristics:

Manufacture: Philips
Measurement range: 600 tV/V
Linearity: within ± 0.5%
Stability: zero drift not more than ± 1%
Carrier frequency: 6750 cps
Frequency deviation: ± 30%
Strain gauges
Type: PR 9810 S
R: 604Q ±+%
k: 2.04 ±1%

Fig. 4. Block diagram of the wireless transmissiOn system for
torque measurement.

1.2.7 The revolution-counter

For the measurement of the revolutions of the pro-
peller shafts, 6 metal strips were mounted on each
shaft, regularly spaced around the periphery, and
located to pass a fixed magnetic pick-up as the shaft
rotated.

The pulses obtained were input to a digital counter
the time base of which had been adjusted to 10 sec.

The number of pulses counted during 10 sec was
transmitted to a digital printer.

For a constant number of revolutions the obtained
information was equal to the number of revolutions
per minute.

1.2.8 The ship's EM-speed log

The ship speed readings were. .taken from. the electro-.
magnetic (EM) ship log (Sperry), while the hip's
course was. read directly from the ship's compass..

Theequipment of the EM-log.consistsof the follow-,
ing four units: .. .

- the flow sensor

- the master unit
- the distance-run recorder
- the speed indicator.

The flow sensor is fitted to the outsideof the ship's.hull
below the waterline. It developes a small AC voltage
proportional to the rate of flow of passing seawater.
This voltage is fed to the master unit.

The master unit converts the input into a current
proportional to the speed of.the water passing the flow
sensor.

However, boundary layers around the ship's hull
cause discrepancies between the ship's speed and the
speed of the water flowing past the sensor. These errors
are compensated by use of a speed corrector circuit
in the master unit. The speed corrector enables correc-
tions to be applied at four points on the speed curve
and can be set up by seagoing calibration trials or as a
result of sea-going experience.

The ships speed is indicated on a circular scale
calibrated from O to 25 knots in I knot increments.
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.3 Description of ¡lie recording instruments

1.3.1 The instrümentation taperecorder

The measured signals whose amplitudes and: frequen-
cies varied with time were recorded by an instrumenta-
tion taperecorder. One of two available systems may
be chosen, ViZ.: the Direct system or the frequency
modulated (FM system. To fix low frequency pheno-
mena on DC-level use should be made of the FM-
system.. In, this case 'the analog input signal modulates
the built-in carrier oscillator up to a maximum of plus
or minus 40% of the used zero-frequency. This FM-
signal is input to the record head. By way of the repro-
duce head the FM-signal is again availablè when
playing back the tape. To record signals with higher
frequencies (e.g. a reference signal) the Direct system
may be utilized. The following signalshave beenrecord-'
ed with the aid of the FM-system

- the wave acceleration

- the hea.ve acceleratiOn

- the pitch angle .

and with the aid of the Direct system: the reference
signal (derived from the crystal oscillator).

Characteristics:

Characteristics:

Manufacture: Goeriz Electro
Type: Re 520

Paperwidth: 200 mm
Response: 130 mm within I sec

1.4 Results of nieasurements

As mentioned before several runs in waves had to be
cancelled because they were too short. Only three
runs, numbered 4, 6 and 7, appeared to be suitable
for further analysis. From these runs numbers 4 and 7
took place in. head seas. and number 6 in following seas.
The necessary data of these runs as well as the meas-
ured. results are summarized in the tables 2, 3, 4, 5, 6

and 7. Tables 2 and 3 are a.o. related to,:

- the ship's position, - course and - speed
- the estimated and measured wave data
- the estimated and measured wind data.

Tables 4, 5, '6 and 7 contain results with respect to:

- the measured torque
- the measured number of revolutions per minute of

both shafts
- .the shaft power P in metric horse power (HP)
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Fig. 5. Measured and predicted shaft power in still water.
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Manufacture.: Precision Instrument Comp.
Type: PS-214A

Tape-speed: 31 inch per second
FM-zero-frequency: 3375 cps

Bandwidth (FM); 0-625 cps

Bandwidth (Direct): 50.7S00'cps

1.3.2. The. servo recorder

To record stationary or quasi-stationary phenomena
a servo-potentiometer recorder was used.

The advantages are:

- direct information
- satisfactory resolution (in case of sufficient deflec-

tion of the pen).

This disadvantages are that,

- the recorder is not suitable for dynamic phenomena

- it .is impossible to correlate the different signals.
with each other.

The following signals have been recorded using the
servo recorder:

- the torque of the starboard shaft

- the torque of the port shaft
- the relative wind velocity
- the relative wind direction.
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One run was carried out in the English Channel as a
still water test to measure ship speed, torque and
number of revolutions The measured results of this
run are shown in table 7 (run A).

Other still water data pertaining to power and speed
were obtained by continuously measuring the propul-
sion characteristics and ship speed during the initial
part of the stopping manoeuvre near New York.

The results obtained from this test as well as from
run A yield the relation of ship speed .and shaft power

P5 in still water as shown in table 7 and fig. 5.
For the measured spectra, obtained after spectral

analysis, reference is made ro 2.2.3.

2 Analysis of the experiments

2.1 GeneraI

The analysis of the experiments has two purposes, viz.:

- to obtain the motion-spectra from the measure-
ments and the shaft power P from the measured
propulsioncharacteristics, both for comparison with
calculations

- to obtain the necessary input data,;such as a wave
spectrum and the..total propulsive efficiéncy, :i, for
the prediction of the motion-spectra: and the in-
creased shaft power, respectively.

The motion spectra as well as the wave spectra will be
derived, using spectral. analyses. as described.in 2.2..

For each run in waves the measuredwave spectrum
will be used to compute. the .spectra of the vertical
motions. heave, pitch, and the increased . effective

power P in waves. The propulsive efficiency, flD,

derived from the propulsion analysis, is required to
calculate the shaft power P, which will be compared
with the measured values.

It is interesting to determine the wake-fraction w
both in still water and in waves.

2.2 Spectral /jg
Data reduction of the signals recorded on magnetic
tape was carried Out in two ways, viz.:

- transformation of electric signals into punch tape
data, which are input to a digital computer (digital
method)

- direct treatment of electric signals by a hybrid com-
puter (hybrid method)..

General descriptions of the way to obtain spectrally
analyzed results are presented in [3, 5, 6].

2.2.1 The digital method

The analog measured signals, recorded by th insiru-

mentation tape recorder are available .as frequency
modulated (FM) signals, when played back (see 1.3.1).

Counting equal time intervals, the frequency of the
modulated signál affords information about the ampli-
tude and the frequency of the original measured signal.

However, it is essential, that during this assimilation
there is a fixed relation between the time-base and the
zero frequency of the modulated signal used during
the recording. A part of this relation is delivered by
the tape speed.

Severe motions or vibrations on board during the
measurements may result into fiuctùations of the
recording speed independent of the measured signal.
This might cause undesirable frequency modulation
in the output signal.

To' prevent, this error a reference signal, descended
from a crystal oscillator, is simultaneously recorded
with the measured signal.

During the treatment of the signal the time-base is
derived from the reference signal and for this. reason
may be called a real time-base.

The digital information of the counter, transformed
into punch tape data, was input to the digital IBM
.360/65 computer of the Mathematical Centre .of the
University for calculation: of the;autoco.variance func-
tion and: the power' spectrùm. as a.o. described in
[3, 5, 6].

Only a slow one-channel unit was. available. for
digitizing and' punching according to :the above inen:
tioned method, which.'includes .the total punch time
equal to theproduct .of the number'ofmeasured signals
and the recording time.

\Vith the hybrid computer the speed of treatment
of the measured signal can be reimrkabiy increased.

2.2.2 The hybrid method
The hybrid computer AD 4/IBM 1800 of the Mathe-
matical Centre of the Delft University of Technology
is extremely suitable for treatment of the measured
data, which are available on magnetic tape.

The analog part of the computer offers the possibility
of treating various measured signals simultaneously,
while the digital part provides the logic control, the
memory capacity and the computation of the desired
data during the play back of the magnetic tape.

The system of treatment is set up for four displace-
ment signals and two acceleration signals. For this
investigation only one displacement- and both accelera-
tions signals have been used.

The displacement signal is obtained from the accel-
eration signal after two successive integrations..

To eliminate both DC-levels and to suppress unde-
sired frequencies it is necessary to tise a bandpass filter
before as well as between the integration procedures.



The hybrid system of treatment consists of the fol-
lowing parts:

the frequency demodulator
the digital bandpass filter

- the integrator
- the computation unit.

The frequency demodulator

The frequency difference between the reference and
FM-signal is determined by counting the number óf
zero crossings. during fixed time intervals, which.
coincide with the sampling rate of the digital. part.

The frequeñc' difference is transformed to ananalog
voltage by means of monostble multivibrators, elec-
tronic switches and an integrator.

The digital bandpass filter

The bandpass.filter function is. accomplished in the
digital part by calculation of instantaneous, responses
to samples of the input signal by means of thediscret-
isized version of the convolutión integral. The response
being the filter output is played. back to, the analog
part by DA-conversión.

step. :26 58,0Cl.
$1.2'

'br 0.85 SdI$eC.
NH '74(nweb., 0!llui.-w.gIts)

E:

Fig. 6. Example of filter'cháracteristicfor run 4 and' 7.
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The resulting transfer functions of the filter used
have severe oscillations in the neighbourhood of the
cut-off frequency, which are explained by the Gibbs
phenomenon in the theory of Fourier-transforms. If,
in stead of a square, a cosine beiF is taken, the oscilla-
tions will almost completely disappear. in fig. 6 this
phenomenon is shown for the type of bandpass used.,

The integrator

The principle of the analog numerical 'integration is'
based upon the rectangular rule for digital numerical
integration::

(2)

where

fO,:' .1v, = discrete values of the function to. be inte-
grated

h = step size between two successive samples
J,, = integral value after n samples.

The procedure is implemented on the analog computer
by a sample-hold circuit.

The computation unit

The autocovariance function (actf) is "on 'hue" cal-
culàted with samples from análog tape' at 'fIxed time
intervals Within a fixed time interval each contribu-
tion to the autocovariance function is added 'to the.
previous ôontributiòns.

The miiimum length of the time interval.is deter-
miriedby

- the number of lags of the acf
the 'number of tracks, which is simultaneously pro-
cessed

- the calculation time' to carry out the product accu-,
mülations.

t

DIO I7AL METHOD

____I4YBRID METHOD

33 j

Degree

(t)
_02
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Fig7. Pitch autocovariance functiòn 'for
run 4 obtained by digital and .06

hybrid method.
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Fig 8. Wave spectrum for ruñ 4 obtained-by digital and hybrid
method.
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_______ OblIAI. METHOD
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Fig. 9. Pitch spectrum for run 4 obtained by digital and hybrid
method.

To reduce the computatin time the power spectrum
is determined in a hybrid way.

The contribution to the autopower is obtained from
the available points of the acvf at discrete frequencies.
The high speed and the capacity of the computer made
it possible to accelerate the treatment by a factor of
four by increasing the play.back speed of the magnetic

tape recorder-4 times.

2.2.3 Results of the analysis

The difference between the results of the digital: and
hybrid method appeared to be negligible for the runs
considered (4, 6 and 7). An example has been presented

in the figs. 7, 8 and 9 for run 4, where the results of
both methods are shown for the pitch autocovariance
function R88(r), the wave spectrum S(w) and the pitch
spectrum S5(w1), respectively. It should be noted, that
the wave measured by the wave-buoy with supposed
zero-speed, is related to the circular wave frequency w,
while the heaving and pitching motion, measured on
board, are related to the frequency of encounter w.
For conveniencein the future only theresults according
to the. digital - method - will be shown. The measúred. -
wave spectrum S(co), the heave spectruflt S(th). and
the pitch spectrum S0(w) for run- 4 are- respectively
shown in the figs. 10, 11, 12 and in the figs. 14, 15, 16;
for run 6 in the figs. 18, 19, 20 and- for run .7 in the
figs. 22,23 24.

For run 6 another filter. had. to be used. because of
the very low frequencies of vertical ship motions. in -
fóllÒwing. seas.

2.3 Propulsion analysis

As mentioned before, the torque and number of revolu-
tions per minutç of each shaft were measured during
each run.

The average shaft power in metric HP can be calcul-
ated from the average torque and number of revolu-
tions in the following way:

2t P.SH

60x75

2P.SB PSB (3)
716.2

- in which:

.SB = the average measured torque of the port- or
starboard shaft respectively. -

pSB the average number of revolutions per minute
of the port- or starboard shaft respectively.

Afterwards the average total shaft power is- to be
determined by

= (4)

PSpç
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From the torque measurements the average torque.
coefficient may be computed as follows:

K 'QPSB'!S1R
Qp;se ' -

QflPSB'D
where

the shafting efficiency, for this case taken as .97
=ß/qO =the relative rotative efficiency
= the propeller efficiency behind the ship
= the propeller efficiency in open water

'D' propeller diámeter
= density of water.

(5)

The relative rotativeefficiency IR as well as the hull
efficiency 1H' as a function of ship speed is shown in
fig. 26, which has been derived from ptopulsion tests

f the NSMB at Wageningen [7..
With the aid of the open water diagram, shown in

fig. 27,. it is possible to determine the follówiñg param-
eters:

= the average advance coefficient

1Tp,a = the average thrust coefficient

lOp,SB =the average prope1ler'effiiency in open water.

For the ayerage advance coefficientthe followingrela-
tion may be written:

'.SB)
'4PSR ii58D

in which:

= the average ship speed
= the Taylor wake fraction

D = 'propeller diameter.

(6)

950

nO

Fig. 27. Open water diagram

The 'average wake fraction' derived from (6) may be
wiitten'as:

jPSB!P.SBi rl
VS

For this case it is assumed, that the relationbetween
the thrust deduction fractiontand the wake fraction w
and consequently the hull efficiency IH'=il 1/1iv
remains constant 'both for still water and in waves.

The total propulsive efficiency 1lDps may be deter-
mined in the following way:

7lDp ' lo ?1H IR (8)

Afterwards it is possible to compute the average
effective power for the port and starboard side with:

PEpss = 1lDp.su PSP,sB (9)

from which by. addition the average total effective
powe,r for 'the whole ship can be obtained:

P5 = Ptp+ P5s0 (10)

Fig. 26.
The relative roiativeefficien.
cy tR and the bull efficiency

H as a funt.tion of ship
speed.

(7)
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Finally the determination of the average total propul-
sive efficiency for the whole ship may be computed

with:

(Il)

The results of the propulsion analysis for the runs in
still water and in waves are summarized in table Il.
The maximum variation in torque occurred during

periods of encounter which were near the resonance
periOd of the vertical motion (T 6.85 sec).

For run 7, as shown in the tables 4 and 5, this

maximum variation was about 18% of the average
value and occurred on the starboard shaft.

The average number of revolutions was counted
each 10 seconds The variation during this time was
about 2%. The variation of the number of revolutions
within a period of encounter remained unknown.

For this reason a maximum variation of power
could not be established unless the number of revolu-
tions was supposed to be almost constant. In that case
the maximum variation of the power may be set equal
to the maximum torque variation.

3 PredictiOn

3.1 General

The total ship resistance and. consequently the. power
may be divided into three principal parts, viz.:

- the still, water resistance R5,. for a certain ship
mainly depending on the ship: speed V,

-. the wind resistance R depending.on wind speed Vy
and -direction p and also on the ship speed V5

- the added resistance in waves RAW for a certain ship
depending on the ship speed V, the significant wave
height fl. and the direction of wave travel p.

Provisionally it is supposed, that the wind direction
coincides with the direction of wave travel p. For the
predictions separate values can be used. For the total
ship resistance in a seawayit is possible to write:

R(V5, Vw, ¡L, H) = R5(V3) + R(V5, Vs,, p) +

+R4(V5,H+,p) (12)

These parts. of the subdivision of the total ship resis-
tance willbetreated.separately inthe following sections.

Ii Still water resistance

The still water resistance and consequently theeffective
power E can be determined according to several
methods. For the "Atlantic Crown", the following
methods have been applied:
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Fig. 28. Predicted and measured effectivepower PEsw in still
water.

- the Taylor-Gert,ler method. [81
- the method according to.Ayre Völker [9]:

- the Lap method [IO).

Extra allowañces up to 15% have been taken into
account because of bossings, rudder, stabilizers and
bow thrusters.

The wind allowance will be treated separately in 3.3.
The values of calculated effective power according to
the above-mentioned methods are shown in fig. 28
together with the model measurements of NSMB [7].
For this case the measurements have been corrected
for trial allowances as has been reported. by De Jong
in [11]. The calculated effective power as shown in fig.
28 has not yet been corrected for the influence of the
bulb as e.g. mentioned in [12, 13, 14, 15, 16)!

The. experiments at NSMB have been carried out
for a speed range of 19-26 knots. For values below
19 knots an extrapolation has been applied according
to the Taylor-Gertler curve. The power has also been
corrected for the difference in displacement 4 to the
ratio 413 For the determination of the shaft power
Ps use has been made of the propulsion tests of NSMB.
For this case too the.:quasi propulsivecoefficient has

15 20 25
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AYRE..VOLKER
plEbic-
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Fig. 29. The quasi propulsi%'ecoefficient ij as'a function of
ship speed.

been extrapolated below the speed of 19 knots as
shown in fig. 29. As in the power analysis in .2.3 the
shafting efficiency q5 will be considered to be .97..
\Vith the total propulsive efficiency q = x the
'shaft, power P5 can be calculated as

"S = . (1.3)

The curves of shaft power as a function of speed for
the Taylor-Gertler method and the experimental results
of NSMB are shown' 'in fig.. 5.

A redùction of the shaft power on account of the
influence of the bulb as mentioned before has been
presented in [l2,. 13, 14, 15, 16] forsomespeeds. This
reduction, which may be substantial for overpowered
ships, is strongly dependent on speed. To take 'into
account such a bulb-reduction 'of the 'shaft power for
the required speed range is a risky matter. .A servicable
rule can hardly be derived from present literature. For
the economic speed V0 in [12], defined as

= (1.85 l.6C)/Z (14)

the reduction in shaft power may be 8.2% for the
9. 5% bulb of the "Atlantic Crown". This reduction
for 'a speed of O.95'VEco 'has been decreased to 4.6%.
A diagram of this reduction for some 'speeds has been.
presented in fig. 30 and is based on statistics of NS MB
as published in [12].

The reduced' values of shaft power for both above
mentioned speeds areshown in fig. 5, 'from 'which it is
clear, that these predicted values show a rather good
agreement with. the corrected' NSMB rneasurements
l!',.jjigure .isalso,plotedJhestillwatershaft,,power

Ps being a function of the speed as calculated from the
measurements on board' of the "Atlantic Crown".
These measurements, however, showed that an indi-
cated speed at 'the log of 24 knots generally appeared
to be I knot too high.

This fact has been carefully checked with the aid
of the Decca-system and stream cards.

For this reason the run speeds as indicated by the.
log will be corrected by the ratiO 23/24 = 9583.
Looking again at fig. 5 it appears,. that if this speed
correction is applied to the full scale' measurements in
still water there is a good agreement with the corrected
experimental values of NSMB.

In the future only the corrected measurements of
NSMB will 'be used for' prediction.

3.3. Wind resistance

lt may be expected, 'that 'the influence of the wind on
the total resistance will be significant for container
ships, because of the large free board and the con-
tainers 'on :deck.

The usual air resistance coefficients for normal cargo
ships should yield lòw values for resistance forces

Therefore a special model' test has been arranged 'in
t'he' towing tank as described in àppendi*"III of [17].

For this purpose a model of the "Atlantic Crown"
to 'a scale ratio of 125 was towed through the water
upside down at various 'angles of attack p

The model was connected 't an elliptical plate 'by
force dynamometers, which restrained' the model in
the horizöntal plane to determine the 1àngitudiial and
lateral' forces and the yawing moment.

The elliptical' plate was supposed 'to act as the free
water surface. Adjustment of'the angle of attack p was

Io

Fig. 30. 'Shaft power reduction related to speed on account of
-.thebulb(.JRT =9.5%). -
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achieved by rotation of the set-up roUnd a vertical
axis.- For this case the 'lOngitudinal force is important.
This force has been expressed in the. form of a coeffi-
cient as follows:

QQVA,.

where:

.
F = the longitudinal force considered positive when

directed from stern to bow
= the density of air

VR = the relative apparent wind speed
AL = the lateral projected wind area of the model.

The wind force coefficient as a function of p has
been shown in fig. 31 for the model speeds of .5, .75,
I, 1.5 ,and 2 rn/sec where p is the angle of the relative
wind off the stern.

It is important to ascertain, that air resistance coeffi-
cients determined with model tests may differ remark-
ably for containerships. Analog model tests for another
containership as described in [17] yielded air resistance
coefficients with about twice the values as measured
for the model of the "Atlantic Crown".

The experimental resultshave been compared infig.
32. with calculations .of the. wind. force coefficient. pro-
posed byIsherwood.in [181. In this procedure 'the wind
force coefficient has been expressed with respect to the
transverse projected wind area of the model Ar. For
comparison it was necessary to transform the'coeffi-
cient C'XAJ into C,. while, taking into, account' the
reversed direction for p and F.

V .50

O .?S rn/sic
1.00 rn/see

4- 1.50 rn/sic

2.00 rn/s.c.
o

---t

Fig. 31. The measuEed wind force coefficient relatéd to wind
direction p.
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Fig. 32. Measured and predicted wind force coefficient related
co wind direction p.

The longitudinal force coefficient as derived from
experiments by Isherwood can be written as' follows:

CXAT=Ao+AL+Alj+'A3

+A4---+A5--. +A6M ±1.96S.E.(16)
LOA LOA

where:

LOA = length overall
B = breadth of ship
S length of perimeter . of. lateral projection' .of

model excluding waterline and slender bodies
suchas masts and ventilators

C = distance from bow of centroid of lateral project-
ed area

M' '= number of distinct groups of masts or 'king-
posts' seen in lateral prójection

S.'E. = standard errori

The mean value of the residual standard error for all
values of ¡A = .1 for CXAr.

The calculations' for the mean value of (16) have
been carried' out for two cases viz.:

I'. if the transverse slots between. the containers are
considered 'to act as masts for the number of dis-
tinct groups. of masts M = 10 should be taken in
(16)

2. if the influence of the transverse slots between the
containers is neglected only one real mast has to
be taken into account, so M = I.

It may be observed from' fig. 32, that for head winds
the most satisfactory results 'in comparison with the



experiments are obtained for case 2 if the influence
of the containers as-masts is neglected.

in case I, if the slots between the containers are
considered to act as masts, the situation is somewhat
reversed and for down winds, better agreement is
achieved than in case 2..

In fig. 33 is shown the experimental curve for CxA
and the calculated mean curve with the accessory
upper and lower limit following from the standard
error according to [l 8']' for the case, that the transverse
slots between the containers are neglected (case 2).
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Fig. 33. Measured and predicted wind force coefficient 'scith
limit values.

It should be remarked from fig. 33, that for down
wincis-themeasured values are not within thecalculated
upper and lowerlimitat all..

For the prediction of the added power because of
the wind only use will be made of the experimental
results as shown in. fig. 31..

In view of the calculation. of the effective power
because of wind a negative: longitudinal force F and
consequently the, coefficient will be equated to a
positive resistance R.

With the. measured wind speed VR and the measured
wind directián ji the effective horse power due to wind
can be obtained with.:

(17)

From the measured wind speed VR, the measured wind
direction ji,. the ship speed V, and the ship's course' it.
is possible to determine the absolute wind. speed.and
-direction. The results are shown in table .3.

3.4 Added resistance ¡n waves

Following the strip theory E119], the added resistance
in waves may be predicted according to the method
deve!oped in [1], where the energy of the radiated
damping waves during a period of encounter is equaliz-
ed to the work necessary to maintain the speed in the
waves.

The regular wave surface is defined with respect to
a right hand coordinate system xyz, which travels with
the ship speed V relative to a system x0y0z0 fixed in
space and shown in fig. 34. :So velocities and forces
are supposed to be .positive when directed from stern
to bow.

If a positive resiStance is characterized as a negative
longitudinal force, the next energy relation for òblique
waves may be written:

RAW = the added resistance in waves
= wave velocity
= N' V(d,n'/dx) = sectional damping for speed
= sectional damping for zero speed
= sectional added mass. fór zero speed
= '/(c/cos ji V). = period of encounter
= 2/cosp = apparent wave length
= wave length
= direction of wave travel
= amplitude of the vertical relative water velocity

for eaclisectioti.

(18)

c,j

Fig. 34. Definition of wave, ship speed and motions

The addedresistance for a shipin regularoblique waves
follows from (.18) ¡n the. same way as described in [lJ:

RAW=- k;cosjz $b"dxb (19)
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where

k = 2t/1 = wave number
w1 = 2zr/T, = circular wave frequency of encounter

= the amplitude of the vertical relative water veloc-

ity for each section: V, = XbO+ VO,'
z = heave displacement
O = pitch angle

/ k°
= C (1 - J M dzb =

\ )w-.T
the effective vertical wave displacement for a
cross section. For this conception reference is
made to [19].

It may be concluded from (19), that the added resis-
tance in waves varies as the squared wave height
because V is proportional o the wave height. This
relation has also been stated in an experimental way
in [ii].

The dimensionless transfer function for the resis-
tance increase is given by

C.

RA,v
AW -22Qgç(B ¡L)

g i,
p

EAW
75

(20)

The direction of wave travel p has been determined
visually for the different runs. An error of 10 or even
20 degrees in this estimation is quite possible. To
check the influence of such an error on the motions
and the added power in a seaway the calculations have
been carried out for several directiòns of wave travel
above and below the estimated values. The dependency
of the added power on the direction of wave travel
and the ship speed has been demonstrated in tables 8,

and for head waves if

( - rad (150 degrees) <p <( + rad

(210 degrees) (23)

It should be remarked, that these conditiOns are not
satisfied in the case of run 4, so that rather large

125

D.gr..8

175

Fig. 35. 1he added effective power ¡n waves PEAW related to
the direction of wave travel p for run 4.

9 and 10 for the runs considered and in.fig. 35 for
run 4.

The differences in ship speed are in magnitude equal...'..
to the, applied, ship speed correction. From tables:8-10.
and. fig. .35 it is obvious, that the differences, in added.
power for a certain, deviation . of direction :of. wave.
travel are increasing with the approach. to the beam.
sea condition.

Moreover one should keep in mind, that because
of the neglect of the influence of the horizontal and
rolling motions the differences in added power with
respect to real values may also increase with the
approach to the beam sea condition. For both reasons
it is provisionally accepted,. that the predictions of
added power in waves. are useful for a strip theory
neglecting the horizontal and rolling motions if for
follòwing waves . -

rad (30 degrees)(22) - rad (-30 degrees) <

where.

Q = density of vater
g = acceleration of gravity

= wave height (double amplitude)
B =breadthof ship
L = length. between perpendiculars;

For a known wave spectrum Sç(coe) the average. resis-

tance increase can be calculated as described in
[20] with:

R4 w = 8gg.-r S a4 nì(C0e)0e) dWe (2.1)

The effective horse. power because of ship motions in
a given wave spectrum S(w,) can be derived in the
following way:



deviations from the measured values may be expected
and will be ascertained in 4.

Finally it follows from tables 8, 9 and IO, that differ-
ences in added power because of errors of 20 degrees
in the estimated direction within the denoted area plus
differences in ship speed of about 4% may cause devia-
tions in the total predicted power of maximum 7%.

When considering following seas only that part of
the wave spectrum which includes waves moving at a
speed lower than that of the ship have been included
in the added: power computation. En this case the
motions because of this part of the spectrum are not
so important and the addèd power is mainly caused by
wave-motion.

For the other part of the wave spectrum provisional-
ly an equilibrium at zero between the high positive
and negative values will be assumed with respect to
the added resistance in waves.

It shoúld b noted, that the pitch and heave motions
in .a following sea appeared to be very low in frequency
as already mentioned in 2.23 and shown in figs. 19
and 20; therefore the added resistance may beregarded
as insignificant iñ these cases.

3.5 Toral power

The total effective power in a seaway can be obtained
by addition of the three separate parts as mentioned
in 3.1 viz.:

the still water power
- the wind power :'

- the added power inaves.

In this way the total effective power will be:

= PRSW±PEW+PE (24)

A view of these parts of the effective power for the
three runs considered is given in table 12.

With the propulsive efficiency D as derived in 2.3,
the total shaft power and the same subdivision as
mentioned for the effective power can be predicted.

The calculated values and percentages of the dif-
ferent parts with respect to the total shaft power are
shown in table 13 for the three runs.

The predicted values of the effective power for the
port- and starboard side have been determined accord-
ing to the ratio of the measured values. The shaft
power for the port- and starboard sidecould be calcu-
lated' with the respective propulsive efficiencies

A generai view of the power for the total ship and
the subdivisión over the port- and starboard side are
presented in table 14 for both the measured and
predicted valües.

3.6 Specira

The wave spectra derived from the buoy-signal by
means of spectral analysis, as denoted in 2.2, are
shown in the figs. 10, 14, 18 and 22 for the runs
considered. The same spectra have been used as an
input for the prediction ofthe pitch- and heave spectra.
The required calculations have been carried out by
means of the seakeeping computerprogram called
"TRIAL" on the IBM 360/65 computer of the Mathe-
matical Centre of the University (21].

First the response functions for the motions and the
added resistance were calculated. Afterwards the
measured wave spectra had to be transformed for the
ship speed. These transformed wave spectra are also
shown in the figs. 10, 14, 18 and 22 on the base of the
frequency of encounter for the directions of wave
travel as denoted in the tables 8, 9 and 10.

Finally the heave, pitch and added resistance spectra
were computed for the different runs and the direc-
tions of wave travel and the results are shown in the
figs. 11, 12, 13, 15, 16, 17, 21, 23, 24, 25 together with
the measured pitch and heave spectra.

For run 6 in following waves only the transformed
wave and predicted added resistance spectra have been
presented. The transformed wave spectra of this run
are only related to the waves with velocity lower than
the ship speed in view of the added resistance 'in waves
as had been explained under 3.4.

The part of the measured wave spectrum, that has
been considered (c/cos p< V) is iñdicated in fig. 18 for
run 6. The predicted motions appeared to beso small
for this part of the spectrum, that presentation in a
diagram is rather useless.

The agreement between the predicted and measured
motion spectra for run 4 and run 7 is only satisfactory
for the high frequency range. The difficulties with
respect to the low frequency 'range have already been
mentioned in the introduction.

It is difficult to say whether these differences in the
low.frequency range are caused by deviations in the
analized wave- or motion spectra.

From figures 11-25 it is also obvious that differences
in the motion spectra with respect to the wave direc-
tion are increasing with the approach to the beam sea
situation. The same phenomenon has been ascertained
for the added resistance in waves in 3.4.

4 Discussion

The differences between the predicted shaft power for
the total: ship and the meEsured values are given in
'percentages of the measured 'quantities iñ table 14.
From this table it is obvious, that the most reasonable
predictión was made for run 7 with only 4% deviation
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and the worst prediction was made for run 4 with 22%

deviation. For run 4 a strong difference could be

expected as already had been supposed in .3.4 because

of the direction of wave travel, which 'was 45 degrees

off the bow (p = 135c).

The prediction of the total shaft power in a seaway

depends on the accuracy of the prediction of each of

the three parts mentioned before. The most influential

part appears to be the still water resistance, since this

part is strongly dependent on the ship speed in the
higher speed range. An example of this influence is

shown in table 15, where the difference of shaft power

in still water for the corrected- and uncorrected speed

has been expressed as a percentage of the total mea-

sured values in waves. In this way the difference between

prediction and measurement of the total shaft power

can partly be explained.
As stated under 3.4 the speed correction together

with an error in the direction of wave travel of 20
degrees may cause a maximum difference in the total
predicted shaft power of 7%, which is a good deal less

than the maximum possible error of 17% in the still

water part because of an unreliable ship speed measure-

ment.
From table 13 it is clear, that for. run 7 the added

power in waves is 53%, of the total .predicted power

which is notably high.
The predicted wind, power as a percentage of the

total predicted power has been presented in table 13
and. appears to be 9, .5 and .11% for the runs 4,6

and 7, respectively.
For head winds (runs 4 and 7) the measured test

results for determination of the wind resistance coeffi-
cient agreed rather well with the results of the regres-
sion analysis of Isherwood as mentioned in [18].

More than 11% of the total power as predicted for
the most reliable run 7 can hardly be expected for this
ship. For other containerships the influence of the
wind power may be quite different as had been men-
tioned in 3.3. The results of run 6 in following waves
are as a first step rather satisfactory, especially if the
high possible error of the still water resistance (17%) is
taken into account. The ship speed in followiñg waves
is generally very high and that fact implies an increasing
possible error for the part of the still water power in
the total power.

5 Conclusions and recommendations

From the analysis of the full: scale measurements of
waves, wind, vertical ship motions, propulsion charac-

teristics etc. and from model tests' for the determina-
tion of wind resistance coefficients compared with
predicted values, it may be stated, that

'1 . Prediction of added power in waves by determina-
tion of the radiated energy of the damping waves

is satisfactory..

2 Restriction of the strip-theory to vertical motions
only also restricts the use of such a -theory 'to a
direction of wave travel of about 30 degrees off
the bow and stern.
The fraction of the added power in waves may be
more than 50% and the wind' power I 1% of the
total power for head seas with a significant wave
height of 7 m.
For a satisfactory analysis of the measurements
an accurate determination of the ship speed is
very important, especially for the high speed
range where the still water power is seriously
affected by speed changes.
The prediction of the still water resistance in the
higher speed range for ships with bulbs needs to
be more accurate.
It is most important to note, that of the three
categories of-resistance previously mentioned, the
still water resistance is most critical. This may be
demonstrated if it is considered, that an error of
4% in the ship speedand 20 degrees in the direc-
tion' of wave travel may cause a. maximum error
of 7% in the total power due to. the added .ower -
in waves.
However, the same error of 4% in the ship speed
may cause 'an error of more than 10% in the total
power due to the still water 'part.
Wind model tests' as had beencarried out for the'
ship considered may deliver' quite different air
resistance coefficients for other container ships
and therefore it might be desirable to design the
part of a container ship above the waterline with
regard to aerodynamic considerations.
The procedure of Isherwood for the prediction
of windpowr should be adapted for container-
ships.
A good agreement between estimated and mea-
sured significant wave height has been established.

While sailing in a head sea with a significant wave
height of 7 m, the torque variation registered' a
maximum of l-8% of the average value. This
determination was made during periods of en-
counter near the resonance period of the vertical

motion.
il. For a good prediction of the total shaft power in

waves, it is essential to know in advance the total
propulsive efficiency in overload conditions.

12. Further improvement of the measurement of the
wave signal with a buoy in the future is necessary.

This is especially true for the low frequency
domain to obtain a better correlation between the



predicted and measured motion spectra resulting
in a more reliable prediction of the added power
in waves.
The prediction of the added power in following
waves as a first step is satisfactory.
More investigation is necessary on the subject of
ádded power in following seas. This may especially
be said about the assumption, that the only
portion óf the wave spectrum to be considered is
that containing waves of a speed lower than the
ship speed.
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Tables

Table I. Main particulars and propeller data of the twinscrew containership' "Atlantic'Crown"

Table 3. Data about waves and wind

estimated waves

run direction
number degrees

measured

significant
wave height
from

height direction height measurement direction
m degrees m m degrees

absolute wind for corrected ship speed

4
6
7

-
30

190
2
6

205
70

180-190

5

I
2.5

4h08

2.94
7.05

224
206
198

41.5
24
50.9

205
160

190 30

7.'
4-5
9

202
145

188

24.0
21.7
35.7

ship corrected ship's
average
rudder

run start time stop time speed shipspeed course angle stabilizers buoy

number date GMT GMT position knots knots degrees degrees on/off number

2
30-3-'72 17.57 i8.34 48.55 NB 21.5 20.60 251 2-7 off 019'

30.00\VL
6 1-4-'72 13.47 l4J7 42.43 NB 24M 23.00 260 on 008

51.22 WL
7 l-4-12 18.13, '18.36 42.22 NB .17.5 16.77 . 220 on . 013

,54M6 WL

designation symbol unit dimensions

Length overall L04 m 212.42

Length between perpendiculars L, L, m 196.00

Length on the waterline LWL m 203.04

Breadth B m 28.00

Draught (even keel) T m 8.153

Volume of displacement 26061

Weight of displacement
Wetted surface s

ton
m2

26708
6337

Centre of buoyancy in length with respect to section lO
Waterline area

LCB
A w

m
m2

-1.78
3971

Height of metacentre above base 'KM m 12.03

Centre of flotation in length with respect to section 10 LCF m -2.16
Longitudinal radius of gyration rn 50.12

Ratio of longitudinal radius Of gyration and ship length .2557

Service speed VSRRV knots 23.1'S

Taylor iectional area coefficient fòr bulbous bow IBT .0949

Block còefficient CB .576.

Midship section coefficient CM .969

Longitudinal prismatic coefficient Cp .580

Waterplane coefficient Cu' .724

Wind lateral area
Transverse wind area

AL
Ar

m
m2

4062.5
750.0

Length of perimeter of lateral projection excluding waterline and slender bodies
such as masts and ventilators s -m 2655

Distance from.bow to centroid of lateral area. C rn 114.6

Propeller, diameter D m 5.a0

Pitch ratio of propeller P/D 1.249

Expanded.blade area ratio
Number of blades,

AÉ/Ao .597
4,

Table'l. Data aboutship's' position, - course,.- speed1 etc.

swell wind waves relative wind estimation derived from
measurements

force
according
to

velocity direction velocity Beaufort direction velocity
knots degrees knots scale degrees knots



Table4'. Measurements of torque, number of revolútions and powèr for the port side shaft

measurement university measurement engine room

max. torque
average max. torque rnin torque variation max. torque numberof shaft power n mber of shaft power

run torque Qma,, Qrnin Qa variation rev/rn n P3 rev 1mm P3
number kgm kgrn kgm kgm percentage n metric HP n metric HP

Table 5. Measurements of torque, number of revolUtions and power for the starboard side shaft

direction of
wave travel
ii
degrees

measurement university measurement engine room

maxi torque
aerage max torque min torque variation max torque number of shaft power number of shaft power

run torque Q Qma.. Qrntn Qa variation rev 1mm P5 rev 1mm P5
number kgm kam kgm kgm percentage n metric HP n metric HP

Table 6. Measuredpower and torque variationfor the total ship Table 9
Run 6. I74='2:94m

shaft power shaft power Calculated added power in waves related to direction of wavemeasured by measured by travel and ship speed
university engine room max. torque . . -

run P P5 variation dire:tion of Pp in metric HPnumber . metric HP metric HP percentage wave travel
¡j V=23'knots. V=24knots4 30600 29400 10.9 degrees = 11.832 rn/sec = 12.347m/sec.6 30040 30300 4.6

.7 . 29600 29400 16.5 0 952 1043
10estimation) 920 1Q09
20 81! 895

Table 7. Relation of shispeed and measured shaft power in
still water

Table 10
ship speed corre:ted shaft power Run 7. 173 = 705 m
according to log ship.speed PSsw Calculated added power in waves related to direction of waveknots knots metric HP travel and ship speed

23.5 22.5 23600 ppa,,, in metric HP
24 23.0 26000
24.5 23.5 28300 direction of V= 16.77 V= 17.5 V= 19.44
24.8 (run A) 23.8 29650 wave travel knots knots knots
25 24.0 30400 ji = 8.627 = 9.003 = l0000

degrees rn/sec rn/sec rn/sec

130 9953 10631, '12160
TableS 150 ' 9982 10488 11826
Run 4 JT = 4.08 rn (estimation)
Calculated added power in waves related..to direction of wave 170 9295 9757 10993
travel and ship speed

Fp4 in metric HP

V= 20.6 knots V- 21.5 'knots
= 10.598 rn/sec = 11.060 rn/sec

125 2343 2444
135 (estimation) 2554 2693
145 2768 2932
155 2948 3l48
165 .3082 3303
175 3146 3380

347

.2.

4, 90500 99200 80500 18700 10.3 1.13.0 1428 112.7 14800
6 87200 90400 84000 6400 3.7 117.0 14260 113.3 '14900
7 92000 ¡08500 75000 33500 18.2 106.0 13650 108.5 14400

4 102000 1115000 91500 23500 u.S 114.5 16320 113.8 14600
6. 98200 103003 92000 11000 5.6 115.0 15780 116.7 15400
7 107000 124500 93000 31500 14.70 l070 15950 109.4 15000
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Table il. Resulisot propulsión analysis for'correcied ship speed

General data:
propeller diameter D = 5.80 rn

= 97; = l04.4852.'kg'sec2/m4

starboard side measured in kgm. 90500

ii measured 'in revolutions/mm 11'30

io K .369

J .970

.168

0

lo .707'

.ij .92
Ps' shaft. power:measured 'in metric 'HP ....I4280
REsa = P5/i0, effective power. in metric' HP' ' 9882 .

total ship

Table 12. PredIcted eflective power PE in metric HP

Ps shaft power measured in metric HP' 16320

= effective power 'in metric HP 11179

Corrected ship speed V in' knOts ' 20.6

!IR - . 1.021

r. . ' .
.988'

Ps, shaft power .measured in metric 'HP . 30600

PE'= P+PS8, effective .power'in metric 'HP 21061

q,, .688 .692 .662 .694.

= 150 degrees

still water power wind power
PEw

added power in waves
PEA II'

total effective power
PE - PEsIs.±P,v+PEAw

Run 4
V3 - 20.6 kn
H= 4.08m

= 135 degrees
12380 1472 . 2554 ' 16406

Run 6
Vs 23 kn
Hj- 2.94m

10 degrees
18112 98 ' .920 19130

Runl
V3 16.77kn
171 - 7.05 m 6800 2043 9982 18825.

15780

10825

15950 .

10272

1551.7

10738

87200

ll70
92000

l060
88400

1'l4O

.329 .430 .354

1.0,18 .892 .988

.145 .205 .160

.027 -.059 . .109

.715 .681 .711

.698 .682 .697

14260 13650. 14071

9953. 9309 9807

23.0.. '16;77 23.77

1.014 1.032 1.016

.993 1.000 .994

30040 29600 ' 29588'

20778 .' 195.81' 20545.

run 4 run6
run A
stilt water

102000 98200 107000 95800

114.5 '1150. '107.0 F16.0

.390 .383 .489 .370

.944 .953 .810 .969

.181 .1.77 .243 .168

.014 .105 .029 .111!

.700 .703 .643 .706

.685 .686 .644 .692

pórt side measured 'in kgm .

il measured in revolutions/mm

10 K
j

ID



Table 13. Predicted shaft power Ps in metric HP and percentages of the different, parts with respect to the total shaft power

Table 14. General' view of the predicted and measured effective and shaft power

Table 15. Inflúence'of speed correction on still water shaft power

corrected speed. ' ,uncorrectedt speed

total shaft difference
power in of shaft

shaft power waves power in
still water stili water difference measured by still water
shaft power shaft power, for speed uñiversity and total

run V5
.

P5511. VS Pssw correction P5 measured
number knots metric HP knots metric HP ' metric HP ' metric HP value

4 20.6 18040 21.5 '20777 2737 30600 - 9%
6 23.OE 26486'. 24.0 3Í448 ' 4962' 30040 17%
7 --.--16.77.........96Ô0---------l-7.5-_.._--_- 10900 1300----.- . . 29600_. - .4%.

349'

measurement
'by

'prediction university
,

prediction

difference of
prediction

measurement measurement.measurement and
by by by measurement
university prediction university engineroom by university

Run4
V3 = 20.6 knots P8fl= 4.08m.
p = 135 degrees P.5
liD .688

'8708

'12712

11179

' '16320

7698

'11124

9882

' 14280'

16406

23836

21061

30600 29400 22%

Run6 .

Vs = 23 knots P8 9966 10825 ' ' 9164 9953 19130 20778
FÏ= 2.94m
u 10'degrees Ps 14528 15780 13129 14260 '27657 30040 30300 .- 8%
Io = .692

Run..7
V3 = 16.77 knots PE 9875 10272 8950 9309 18825 19581.
R4= 7.05m
p = 150 degrees P8 15334 15950 13123 13650 , 28457' 29600 29400 - 4%

= .662

still water power
PSsw

wind power
PSw

added power in waves

SAW

total shaft power
PS = PSSw+PSy+Ps414.

Run 4
V5'= 20.6 kn

4.08 m
¿ti :l35degjee
'h, = 688

17987

75.4%

2139

9.0%

3710
.

15.6% .

23836

100%

Run 6
V5=23kn
17= 2.94m 26186 141 1330 27657
¿ti = lOdegrees
'lo = .692 94.7% .5°/o 4.8% 100%

Run7
= 16.7,7 knfl= 705'm '!0279 3089 . 15089 28457

¿ti = 150 degrees
= .662 36.1% 10.9%. 53.0% i00%

port side starboard' side ' '' total ship
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LIST OF SYMBOLS

4E expanded blade area of propeller

AL lateral projected wind area of ship or model

A0 disc-area of propeller

A transverse projected wind area of ship or model

A area of waterplane

A0.A6 coefficients in the formula of Isherwood for the wind resistance coefficients

B breadth of ship or model
b' sectional damping for ship on speed

C distance from bow of centroid of lateral projected wind area

CB block coefficient

Cf midship section coefficient

C, longitudinal prismatic coefficient

C waterplane coefficient

CXAL
longitudinal force coefficient related to the lateral projected wind area.

CXA,. longitudinal force coefficient related to the transverse projected wind area

c wave velocity

D propeller diameter

F force
longitudinal force

IBT Taylor sectional. area coefficient for bulbous bow

b-L discrete value of a function to be integrated

G stabilization weight of buoy

g acceleration of gravity

114 significant wave height

I; step size between two successive values

integral.value.after ,:samples.
averageadvancecoefficientfor respectively port-.andstarboard side

KM height of metacentre above base

KTPSB average, thrust coefficient for respectively port- and starboard side

KQps average torque coefficient for respectively port- and starboard side .-

k =2ir/2 wave number

k,, longitu4inal radius of inertia of ship

L, length between perpendiculars

LCB centre of buoyancy in length with respect to midship section

LCF centre of flotation in length with respect to midship section

L1 length between perpendiculars in feet

LOA length overall

LWL length on the waterline
arm of stabilization moment of wave-buoy

M moment of disturbance; number of distinct groups of masts

,fl' sectional added mass for zero speed

N' sectional damping for zero speed

11p,SB average number of revolutions for respectively port- and starboard side

pitch of propeller
total effective power
average total effective power
effective power because of added resistance in waves

effective power in still water

PEw effective power because of wind

Ps total shaft power

Ps average total shaft power
shaft 'power because of added resistance in waves
average shaft power for respectively port- and starboard side

Ps, shaft power in still water

Ps,.. shaft power because of wind



average torque for îespectively port- and starboard side
R total ship resistance

RAR. added resistance in waves

R5», still water resistance

R», resistance because of wind

R89 pitch auto-covariance function
S length of perimeter of lateral projection of ship or model excluding waterline

and slender bodies such as masts and ventilators; wetted surface of ship
S.E standard error
S: heave spectrum
S; wave spectrum

pitÇh spectrum
T draught of ship
Te period of encounter
t thrust deduction fraction: time
V forward speed of ship or model
t'Eco economical ship speed in knots
VR relative wind speed
V ship speed

average ship speed

VSERV service ship speed in knots
V», absolute wind speed
V vertical relative water velocity

amplitude of the vertical relative water velocity
w Taylor wake fraction in generai

average TaylOr wake fraction for respectively port- and starboard side,
xYz

'I Right hand coordinate system fixed to ship
Xb, Yb, Zb J

half width of designed waterline
z heavedisplacement
z. heaveamplitude
4 weight of displacement
V Volume of displacement

instantaneous wave elevation

10 wave amplitude

i. wave height (double amplitude)
propeller efficiency behind the ship
total propulsive efficiency
average total propulsive efficiency
hit efficiency
propeller efficiency in open water

'lOp average propeller efficiency in open water for respectively port and starboard side
relátive rotative efficiency
shafting efficiency

O pitch angle
pitch amplitude

2 wave length
2' apparent wave length

¡z wind' direction; direction of wavé travel

Q density of water

density of air

AW dimensiönless transfer functión for the resistance increase
t time 'lag

agkof rotatiotrof wave buoy
w circular wavefrequenc -

circûlar wave frequency of encounter
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INTRODUCTI ON

At the instigation of the Technical and. Research Panel H-13 (Sailing Yachts)
of the Society of Naval Architects and. Marine Engineers a program has been
developed to measure in nine towing tanks the hyd±odynarnic drag and side
force of an identical fiberglass reinforced, plastic model to one-sixth scale

of the 5.5 Meter Yacht ANTIOPE.
It is the specific aim of this program to improve the knowledge and test
procedures in this field through intertank comparisons and. by correlation with

full scale tests. . .

Herewith the results are presented of the experiments perÍ'ozmed at the

; Shipbuilding Laboratory of the Deift University of Technology. The tests have

been carried out with the SNA manufactured i /6 - scale model..

Additioiml tests with a 1/3 - scale model will soon be performed and reported

separately. .

The reported tests with the present model hae been performed in accordance
with the Technical and Research Publication of the SNAIvIE "Antiope Yacht Model

Tests Data and Recommendations", December 1971.

The maIn part of the reported results is devoted to the measured drag and
side force for the model with a constant heel angle VIZ. = O, 1O., 20 and

3.Ò degrees and a fixed yaw angle viz,. ß = 0, 2.65, 5.18 and 6.145 degrees.

These tests have been carried out in the small (tank 2) and large (tank i)

towing tank with speeds up to Fn = .50.
The second part of the reported results concerns the test in the large towing
tank., based on the static initial angle of heel to obtain similar conditions

as had been measured for the full scale tests at the Naval Ship Research and
Development Center. These conditions are presented in the Technical. and Research

Bulletin no.. 1-28 of the SNAME:
Full Scale Tank Tests of the 5.5 Meter

Yacht "ANTIOPE".
Comparisons with the full scale measurements have only been made for these
tests. In general the agreement is satisfactory with some comprehensible
exceptions for instance in the case of very small side forces at zero yaw;

angle and allest angle of heel (.
= 10 degrees). Some derivations may aÏso

be ascertained for the side force (lift) at the largest yaw angle in combination

with the highest speed. .. ...

A description of the experimental set up has been presented together: with the
used test and extrapolation procedures.
All measuring data have been reported on sheets and the results are shown in
figures.
If desired it is possible to evaluate from the data .sheets the lift- and
rolling moment.

It is our wish, that the reported results may contribute to useful intertank
comparisons.



1. Téchnical outlift of the model and it's attadhmen o the towing cari.age..

The correctly bailasted model (Table i ) had. been attached to the carriage

at the two pivot points P and Pf by means of two balanced guides (:fig. i),
providing restraint perpendläular to the direction of motiàn only. Thus,
at zero speed, no forces were transmitted from the guides to the model.
The pivot points Pa and Pf had been positioned at equal distances (.5 m),

off the center of gravity Gm.
Just above these the two dynamometers had been mounteth These measured
the lift force components Là. en Lf, in the direction of the' restraint.
To be ab.e to obtain a certain yaw angle 8., the aft guide vas made adjus-
table along a fixed scale in the horizontal side directioñ (lift force
direction) (.r 1g,. 2).

When a run was performed the model was towed by a horizontal thread
connected to the model at 'Pf and connected to the carriage by means of a
dynamometer 'which measured the yacht's drag (resistance.) D'.
Thus restraint with respect to the carriage had been provided in surge, side
motion and yaw; the model was free to heave, pitch and roll.

By moving a weight (p' 1.5 kg) on 'top of the model in it's transverse
direction over a distance t (t moment 'arm) the required 'heel angles
could be accomplished at a required fixed model speed (f 1g. 1 and 2). The
heel angle of the model could be checked with a stepwise adjustable level
(0, 10, 20 and 30 degrees). . ..' . '

The lift force components at the fore and aft guides, L1 respectively La
and the model drag D' vere measured electronically with strain 'gaue
dynamometers.. To. filter out undesired vi.bratöry'disturbances, 'the' following
proceduré was applied: after amplification, each signal was integrated
over an adjustable . periodof time. (about' 20 seconds. The. period of inte-'
gration and the integrated signals were read off a. digital voltmeter,
after which division yielded the 'desired förces.

2.



2. Turbulence stimulators on the model and model surface condition..

Location and dimensions of the applied carborundum strips on the model
during the experiments are given in fig. 1.
The frictional drag (resistance) incréase due to the carborundum strips
was &iminate4 by performing two series of experiments for the upright
conditi without yaw: one series with strips of half nominal bread:th
and the other Series with strips of full nominal breadth. It has been
supposed that the additional half strips produced an equal drag increase
as the first half strips,, so that the drag without turbulence stimulators,
but with turbulent flow, could be determined:.
If ve denote: . -

E" model drag (resistance) with -half nominai strips
- D' = model drag (resistance) with full nomna1 strips

then the drag increase coefficient

1
2C -

- 2
will be only slightly dependent

Vm Vni

on the model speed Vni, since the resistance increase is due to friction.
The ini.]Luence of heel or waves on strip-length is neglected.
In practice C was determined as a mean value over a range of model speeds
where the measurements were -most accurate and no laminary flow phenomena
were experienced.
The model drag Dm corrected for the frictional resistance due to the full
nominai strips föiiows from:

Dni=D'-AD=D' -2CVni2
(see òoIumns 17, i8 and 19 of data sheets).

This procedure was applied both with the model in tank 1 and in tank 2 and
the sanie value for C was found,, viz.

C = 7 la-3 kgf.sec2/m2.

All the drag measurements with the model with heel and yäw were corrected
for the strips by means of this coefficient C.
The strips consisted of carborundum grains, with a meñ diameter of 1.2 mm
and a density of 12 grains/cm2.
The surface of the fibreglass reinforced polyester odel has been left in
the condition as at. arrival in Delit.

3.



3. Extraolation of the results. to full scale values.

Sine the keel
and continuous
length. X, upon
as

X= .7

where:

'Pm density of water in tank

Pm = 101.79 kgf.sec2/m at 67.1° F

'Vm = model speed (m/ec)

S(actuai) = actual wet,ted:mode.l. surface

5m (actual.) = .Iiîi m2

where:

p5 = density of water, full scale condition

p5 = 101.69 kgf.sec2/m at 75° F

.075
CFm -

(log Rnm

and rudder configuration of the Anti'ope is relatively long
and largely incorporated into the body, the characteristic
which the Reynolds number should be based, has been taken

LDWL, where LDJT is the length of datum waterline.

Tb be able to approach the frictional resistance by calculation,, the actual
wetted surface had: to be known. The Deift computer program has been used
for the calculation of the hydrostatic curves, with the data input derived
from the drawing "Lines of M.I.T. - Antiope model, based on templates taken
off model". The output was first used to check draft and displacement rela-
tions as given in: Technical and Research Publication of the SNAME: "Antiope
Yacht Model Tests Data and Recommendations", December 1971.
Since the differences were negligible a reliable value for the actual wetted
surface for the model in test condition could be determined The frictional
model drag (resistance) was approached by:

PPm = CFm: X :X Sm (actual)

Vm Xm
Rnm = ,;Reynolds number of model

.7 LDWrJ = . 807,9 rn

Vm = kinematic viscosity of water in' tank

ioi88 in-6 m2/sec at 67.10 F

The residuary model drag fállows from:

= D - DF

frictional drag coeffici'eÌt of model according
to I.T.,T.C..formula.

,The full scale frictional drag of Antiope has been calculated analogous
t that of the model for' the full scale conditions:

DFS= CFS X p5 V52 X S (actual')

14



= full scale speed (m/.sec}

SS (aòtua].) actual full scale wetted surface

55 (actual) i1.800 rn2

.075
CFS -

(log. Rns_2.

frictional drag coefficient of ship, accor-
ding to I.T.T.C. - formula

vs .xs
Reynolds number of ship

vs

= .7 LL L817 m

= kinematic viscosity full scale condition

V5 = 9.189 io-I m2/sec at 75° F

The total drag of the Antiope full scale has been calculated from:.

D5 = DF +
m (cóiumn 20 of data sheets)

where: a = model scale.,
a 6

No frictional forces were supposed to be involved in the lift forces, so
that the extxapolation procedúr.e for the lift forées from mödel valués to
full scale values were calculated according to:

L5 = a3 Lm (column 12 and 114 of data sheets)

where: L La + Lf, ift force model (,kgf)

L = lift force full scale Çkgf).

5.



.14 Tank dimensions, and length of measured model runs.

The dimensions of the two tanks are: -

ç__

Tank i Tank 2

Length i10.0O m 85.00 m,

Breadth 128 m. 2.80 m

Depth .

' 2.50 m ' 1.22 m

The. length of each model run is defined by the modél speed and period
_-' of time, over which the 'signals were integrated. The period of inte-

gration was .foi each run quite close. to 20. seconds.

6.



5. Water cond'ition of Tank i and Tank 2.

The watersurÍace vas cleaned from dust and algae in the morning, if
deemed necessary. If not, an idle. run. was made to promote some initiai
turbulence.
After each run the, tank was swept by means of a board floating on
the water towed by the carriage on it's travel back, to suppress the
waves,. The time interval between the runs was up to twenty minutes,. de-
pending on the speed of the last run..
The water temperature in each tank w&s 67.1 degrees Fahrenheit.

f.
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6. Reporting of.the.,resu].tso

Since drag (resistance) was measured in the direction of the yacht's
travel through the water and lift force (side force) in a horizontal
plane perpendicular to the drag,, the results are presented in this
report without the need of any conversion to comply with the require-
ments of the int'ertak coniparison program of Panel H-13.

6. 1 The "Constant Heel Angle" tests.

For each value of the yaw angle B (B = 0, 2.65, 5.18 and 6.15 degrees)
a series of tests has been carried out, with the heeling ballast
adjusted to obtain the required heel angle over a range of model
speeds: .125 < Fn < .1(.50). Four different heel angles have been
tested: 'p = 0, l'O, 20 and, 30 degrees.

The results of these tests are given in the data sheets:
Data sheet i - 5 constant heel angle.tests, Tank 2
Data sheet 6 - io constant heel angle tests., Tank i.

6.2The "Initiai Heel Angle" tests.

In additiön to the constant heel angle test a few extra tests have
been performed in tank 1 in order to have a direct comparison with
the full scale tésts as described in Technical and Research Bulletin
no. 1 - 28 "Full Scale Tank Tests of the 5.5 Meter Yacht Antiope".
During the full scale tests Antiope had for each series of tests a
different initial heel angle at zero speed., accomplished by an ad-
justable weight located off-center..
So the actual-heel angle.varied with speed during one test series.
In order to create cmparable conditions for the model, the actual
heel angle - speed combination at the same fixed yaw angle. have been
taken' from the reduced data (Run no. ,i2711399, column.no.. 5, appen-
dix II of T & R Bulletin', no. 128). and after conversion according to
the. model-laws. used as input. data. for the. model tests'.

The results.'of these tests are.given.in:
Data sheet' no. 11 of this report.

6.3 The Data Sheets (appendix I).

The data sheets should be' considered as the basis for any further
evaluation of the test results. All calculations are made. in metric
units, lift force and drag are also converted to pounds, the full
scale speed V is given in knots. The speed-length ratio

vs
is given in kflOtS/ft'o

The presented non-dimensional Froude humber is based on LDWL, so that

Vm V5

- LDWJJ
(Fnm =

where g' = 9.81 rn/sec2 (acceleration of gravity).

Both the non-dimensional lift coefficient' CL and the non-dimensional,
drag coefficient CD are based on the nominal wetted surface;

L1 Ls
CL

- Pm Smn V2 = Ps S5 V52
Column 13 of data sheets

8.

CL has the same value for model and full scale conditions.



D5

Ps S v2 Ps Sinn a3Vm2

where:

Column .22 of data sheets

CD is only applicable to full scale conditions

Smn = nominal wetted surface of model,

5inn = .14232 m2

S5n = nominal wetted surface of ship

Ssn = Smn2 = 15.236 m2

= Vm2ct, since F5 = F m

6.I The figures (apDendix ii).

From the data sheets some graphs are derived to give a visualization
of the test results:

fig. 3 - 15, constant heel angles model drag versus speed
model lift versus speed
Tank i and Tank 2

fig. 16 - 145, constant heel angles ship drag versus speed
ship lift versus speed
Tank 1 and Tank 2

fig. 146 .- 149, constant heel angles sh.ip1ift versus ß
Tank i

fig.. 50 - ,55. constant heel, angles ship - LI.D versus
Tank i and Tank 2

fig.. 56 - 59., constant heel angles ship - LID versus B
Tank i

fig. 60 - 67, constant heel angles ship CD versus CL2
Tank i and Tank 2

fig. 68 - 76, initial heel angles model. drag versus speed
model lift, versus. peed
Tank 1

fig. 77 - 8, initial heel angles ship drag versus speed
ship. lift versus speed
Tank 1.



7. Conclusions and recommendations. -

Comparison of the extrapolated measured results with measured full scale
values shows a satisfactory agreement.
The influence of scale effect appears to be very small.
Further improvement may be expected from adaptétion, of the characteristic
friction length used for extrapolation.

L

io.
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Table i

Model in. test condition

Displacement L(F.W.)

Draft aft station (base line)

Trim, down by bow, between statin O and 8

L.C.G. (aft tation 1J

(V.C.Gm. (above, keel)

Sm (actual,)

11.856 kg

= .239 m

= .005 m

= . O3T m

= .268m

= .i111m2

C

12.



List of Symbols

Subscription m'

Subscription s

= model scale condition

= full scale condition

frictional drag increase

frictional drag coefficient,

model drag with 'half nominai

model drag with full nominal strips

parasitic drag of model, düe to turbulence stimulators

drag

frictional drag

residuary drag

rmt niim1i' ' = _______V
y.LD

center of gravity

acceleration of gravity, g.= 9.81' rn/sec2

length of datum waterline

LDWLm 1.l5lm

LDWT5 = 6.925 m

lift force component at aft guide

lift force component at fore guide

lift force model, L :=' La + Lf

lift force fùil scale

moment weight of the model, p = 1. 5 'kgf

aft pivot point of model

före piYot' point of model
LV

'Reynolds number, R =

coefficient, C 7 . o-3
kgf.s'ec

according to i.T.:T.C. formula

strips

j

13.

.-" D =

D =

DF =

DR =

'Fn =

G =

g =

LDWL =

La =

Lf =

Lm

L5 =

p =

Pa =

Pf =

=

CF =

D" =

D" =

= aôtuai wetted surface

Sm '(actual) = .1iii m2

S '(actual) = i.8Oo m2

nominal wetted surface

Smn= .1L232m2

15.2361 ni2

= moment arm of adjustable moment weight p'

= speed

= characteristic length, X = .7 LDWL

Xm= .8079m
x = 181

= model scale, a 6

S (actual,)

Sn

t

V

X



114.

List of s3boIs (cotíT)Q

ß = yaw angle (degrees)

V = kinematic viscosity of fresh water

i .oi88 10-6m2/sec at 67.1° Fahrenheit

V5 9.1890 i:o-7 m2/sec at 75.00 Fahrenheit

= density of fresh water

= 101.79 kgf.sec2/m at 67.1° Fahrenheit

>2 pg 1O169 kgf.sec2/m at 75.0° Fahrenheit

= heel angle (degrees)

ZÌ



APPENDIX I

DATA SHEETS
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Figures 3 - 15

Constant Heel Angles

Model Drag versus Speed

Model Lift versus Speed

Tank i and Tank 2
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Figures i.6 - 49

Constant Heel Angles

Ship Lift versus ß

Tank i
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Figures 50 -5

Cônstant. Heel Angles

Ship - L/D versus

Tank i and Tank 2
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Figures 56 - 59

Constant Heel Angles

Ship - LID versus B

Tank i
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Figures 60 - 67

Constant Heel Angles

Ship CD versus CL2

Tank i and Tank 2









o'-

H

.1
¡

I

- .
ç.L.3;O CO'IST HEi. L.DLFTI 1MDE.L (i :6)

TAIIIcIT. .



Figures 66 -76

Initia]. Heel Angìes

Model Drag versus Speed

Model Lift versus Speed

I Tank i
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Figures 77 - 87

Initial Heel Angles

Ship Dra versus Speed

Ship Lift versus Speed

Tank i
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ABSTRACT

Forced oscillation experiments have, been carried out with, a systematic ship. model family of
which the length-beam ratio was ranging from to 20. The experiments' also included a thin plate .to
simulate the case of an infinite length-beam ratio Vertical and horizontal harmonic motions in calm
water have been, considered and the corresponding hyd.rodynamic coefficients have been detèrmined.
Moreover the vertical motions and added resistance in waves have been measured. The results are
presented in grafical form and are compared with some existing calculation' methods..

NOMENCLATURE

THE EFFECTS OF BEAM ON THE HYDRODYNAM;FC CHARACTERISTICS OF SHIP HULLS

A,B,C,D.,E,G } hydrodynamic coefficients of the
a,b,c.,d,e,g equations. of pitch and heave

respectively
B ship's beam.

CB block coefficient
C prismatic coefficient.
C horizontal sectional added mass coefficient
C5 wave celerity
F total vertical wave forcé
F' sectional hydromechanic force
F Froude number

acceleration owing to gravity
vertical longitudinal moment of inertia

I dimensionless horizontal moment. of inertia
Kl coéfficient of accession to moment of

inertia
K empirical coefficient in the. low aspect

ratio lift formula
K1

2
coefficients of accession (long., lat.)

k, ' wave number
k vertical longitudinal radius of inertia

of ship

kzz horizontal longitudinal radius of inertia
of ship

L ship's length
M total vertical wave, moment; mass of ship

dimensionless mass of ship
n' vertical sectional added mass

vertical sectional damping coefficient
N,N11N,N' hydrodynamic coefficients of the.

,, ,

I equations of yaw and sway
' V' r r respectively

r'. dimensionless yaw velocjty'
' dimensionless yaw acceleration

T ship's draught
.T efrective draught
Te period of encounter
V forward velocity of ship
Vz vertical relative velocity with respect

to the water
y' dimensionless away velocity

' dimensionless sway 'acceleration
dimensionless longitudinal added mass
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dimensionless length coordinate in a. right
band body fixed coordinate system with
centre of gravïty i'n the origin and the
starboard side positive

righthand coordinate system fixe& to
ship with the origin, situated in the
ship's waterline, and the portside
positive

x' dimensionless centre connected with, the
P1 first moment of viscous force distribution

x' dimensionless centre connected with the
p2 second moment of viscous fOrce distribution

x' point 'of application of total yaw force.

4 point of application oÍ'total sway force
Y'. dimensionless hydrodynamic lateral force

dimensionless motion amplitude
half width of waterline (z0)

z heave displacement
phase angle

À wave length
V volume of .ship'ts displacement
u. circular wave frequency
w dimensionless PMM frequency

'1e
circular frequency of encounter

o density of water
O dimensionless stability root

dimensionless stability root

O pitch angle
instantaneous wave elevation

Subscripts

a amplitude of denoted parameter
wave force with respect to wave elevation
wave moment with respect to wave elevation

Superscripts

sectional values or dimensionless values
according to SNAME-nomenclature

ZbYb Zb
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INTRODUCTION

The calculation of the vertical hydro-
dynamic forces and moments acting on a ship in
seawaves, according to the strip theory, has
proved to be a valuable tool. This is also true
to a limited extent for horizontal motions, but
the experimental verification for low frequency
motions, which are of interest for manoeuvriflg
and steering problems, is rather scarce.
The detailed comparisons of calculation and
experiment for pitch and heave are for the
greater part restricted to more or less average
hull dimensions, for instance a length-beam
ratio of approximately6 to 8 and block
coefficients around .70. Although predictions
of vertical notions of extreme ship forms have
been quite succesful, it has iot been known to
what extent the strip theory is valid when more
extreme hull dimensions are considered.
Intuitively one may imagine, that the thinner
the ship form, the more the application of the
strip method is justified.
For manoeuvring and steering purposes the
hydrodynamic coefficients of the equations of
motion depend to a Ïarger extent on viscous
effects introducing lift phenomema,when compared
with vertical motions of a ship in waves.
Existing methods to approximate these hydro-
dynamic forces have a more empirica]. character,.
Apart from the length-draught, ratio, in .both.....,
cases the. length-beam ratio. may. be. regarded as
a useful parameter in a. comparison of. theory
and experiment.
The main objective of this paper:is toprovide
extensive experimental data respecting the
influence of the length-beam ratio..of a.
systematic ship model family. on. the hydro-;
dynamic forces on the hull for vertical
oscillatory motions: in':the wave frequency range -

as well as for low frequency horizontal motions
of interest for steering and manoeuvr.ing.
The experiments cover a large range of length-
beam ratio's which inclúdes a very thick ship-
form (L/B) and a very thin ship with L/B20.
In addition a thin plate has been tested in
horizontal motion to simulate an infinitely
large length-beam ratio. All of the models have
been derived from the standard Sixty Series
hull form with L/B7 and CB .70 Ei] , by
multiplying the width by constant factors, to
arrive at L/B=, 5.5, 7, 10 and 20. Al]. models
have been made from glass reinforced polyester
and have a length of iO feet. For main
particulars see table i.

EXPERIMENTAL PROGRAM ARD RESIJLT

With a vertical Planar Motion Mechanism
(PNM) the hydrodynamic coefficients of the
heave and pitch equations according to
equations (1) of appendix i have been measured
for Froude numbers F .20 and F .30.
The latter speed is %igh for ay]. models and
large vave making baa been observed during the
experiments.
Excellent linearity has been found for the
considered heave amplitudes vhich go to 1% of
the model length and pitch amplitudes up to
3.5 degrees.
For the wave tests wave heights of 2.5 % of the
model length have been considered.
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The linearity has been proved to be good with
L/B=h.
The non-dimensional mass and damping coefficients
as well as the mass and damping cross coupling
coefficients are given in figures 1 to 8 in non-
dimensional form as a function of the Froude
number, the frequency of oscillation and the
length-beam ratio.
Figures 9 and 10 give the dimensionless motion
amplitudes of heave and pitch and figure 11
gives the added resistance in regular head waves.
The notions and the added resistance in waves
could not be measured for the L/B20 model
owing to experimental difficulties.
The hydrodynamic coefficients for yaw and sway
according to equations (13) of appendix 3 have
been measured for three velocities Fn='. 15.,
.20 and .30.
A large amplitude PMM has been used; the model
frequency range has been between w=.2(.i) 1.0.
Strutamplitudes for both modes of motion were
respectively 5, iO, 15, 20 and 25 cm the
horizontal distance between the struts being
i n. A relatively small wave making was observed
for the lowest of the three velocities
considered, and therefore the experimental
results for Fn.lS have been used for
comparing with some calculation methods.
Figure 12, 13 and .iI show the coefficients,
derived from the force and.moment. measurements:. -

as .a.function of .L/B-ratio for thethree
considered forward speeds. Tabìe 2'givesthe.'...
numerical values of the various hydrodynamic
coefficients.
In figure 15 and 16 the results of'the swaying...
force and swaying moment are presented as a
function of speed, frequency, L/B-ratio:and. -

amplitude. ,

DISCUSSION.'OF TRE RESULTS. -

3.1. Vertical Motions
First of all the heaving and pitching

motions have been calculated with as a basis
a formulation of the strip theory as given in
appendix i and E2]. This formulation bas been
derived using earlier work by Shintani E3]
S6ding I] ,Senienof-Tjan-Tsansky et al 5J
Tasai t6] and affords the same results as given
by Salvesen et al Ei] . Afterwards the method
bas been used, which has been formulated
principally by Korvin-KroUkovsIy and Jacobs E83
and modified by the authors £9 .
The results of both methods have been compared
with the experimental results.

The added resistance in waves owing to the
pitching and heaving motions has been calculated
by the method described in appendix 2. The added
resistance is determined by calculating the
work done by the radiated damping waves, which
result from the vertical motions of the ship
relative to the water. In [io] this method has
been confirmed by experimental results derived
from model tests with a fast cargo ship hull
form. Further experience included blunt tanker
forms, although in some of these cases the
agreement has been' somewhat less satisfactory
at high frequency of encounter.



ILl the figures 1 to i i the experimental values
are compared with corresponding calculations
according to the modified Korvi-Kroukovsky
formulation 9] and according to equations (6)
ad (7). Forconveni.ence ve vili call these the
old and the new method respectively.
With regard to the coefficients of the
equations of motion for heave änd pitch the tvo
calculation methods give almost identical
results, except for the pitch damping coefficient
at low frequencies and for the added mass cross
coupling coefficient D for pitch.
The differences between the measured added mass
and the calculated value are smafl,even for the
very low LIB ratio's. For the added moment of
inertia the correlation is stil]. satisfactory,
with only few differences for the highest speed
and the lowest LIB ratio.
The heave damping coefficient is reasonably
predicted except for high frequencies where
viscous effects, for instance separation of
flow, may be important.
Both the new and the old method predict the
pitch damping rather poorly, particularly at
low- frequencies. The experimental data do not
show a clear preference for one of the two
methods. For practical purposes the over-
estimation of the pitch damping at low
frequencies, according to the new method is not
too important in the motion prediction.
Considering the absolute magnitude of the
damping cross coupling terms the coefficients
e and E are very well predicted by both theories
for the two considered forward speeds, as well
as for all length-beam ratio's.
Also the added mass cross coupling coefficient
d fòr heave is reasonably well predicted by
both methods, but in the case of the mass cross
coupling coefficient D for pitch the experimental
points for low frequencies lie between the two
predicted curves For ow frequencies the
experimental values favour the predictioù
according to the new method.
Reave amplitudes in waves are somewhat over-
estimated by the new method. Earlier
experience with both methods has shown us a
slight preference for the modified ICorvin-
Kroukovsky and Jacobs method although a
desired symmetry in the mass cross coupling
coefficients is not fulfilled in their
presentation. Moreover added resistance is
overestimated by the new method and in this
respect it should be remembered that added
resistance varies as the squared notion-
amplitudes.
For F.2O the predicted added resistance
agrees very well with the measured values, with
only minor differences at high frequencies. Even
for the very low length-beam ratio's the
agreemelit is satisfactory, considering the more
or less extreme hull form and the relatively
high forward speed in those cases. For F=.3O
the correlation between theory and experiment
is less. However for a].]. length-beam ratio's,
except for LIB=T this speed is very high,
with corresponding high ship waves.
Especially for L/B14 the added resistance at
high frequencies is under estimated by the
theory.
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3.2. Horizontal Motions

The coefficients have -been determined in a
standard graphical way from the in phase and
quadrature components of forces and moments
measured with the PMM. The accuracy of the
coefficients which are displayed in fig. 12, 13
and 1, is probably not high since the relevant
forces and moments are small in magnitude. The
coefficients indicate a trend in the results and
do not pretend to be highly accurate.
In table 2 the numerical values of the
coefficients are summarized using the dynamic
nodes of motions-. The figures 12, 13 and 1
clearly show the effect of beam, which is not
very pronounced for a low Froude number. As
could be expected the forward speed affects
the results to a certain extent : the thicker the
model the more the model generated wave system
plays a decisive role in the creation of the
resulting hydrodynamic forces and moments. Hu-[11]
predicted the effect of speed upon the hydro-
dynamic coefficients, applying sources and
doublets in the ship's centerplane and wake and
taking into account the boundary conditions on
the surface. Comparing the trend of the
experimental results and the predicted values
with regard to the forward velocity according to
Hu, it can be said, that his prediction gives
a more pronounced effect of speed.
It is interesting to note, that Van Leeuwen's
results of his PMM tests [12) with an 8 feet
model of the LIBT are practically the sane as
the results presented in this paper, takiñg a
reasonable margin of accuracy into account. In
figures 12, 13 and ilê some evidence is produced, -

that the valües of the static and dynamic sway
coefficients are approaching each other clos ely.
The condition for straight line stability (this
word is used rather than controls fixed
stability, since no rudder, propeller nor other
hull appendices have been fitted) yields

X'
< 1x. -

When 4 and x. both are positive this condition
postulates, that the point of application of the
total yaw force is located before the point of
application of the sway force. In figure 12, 13
and iI it may be observed, that for a L/B-ratio
exceeding 8 this condition is fulfilled. Since at
a L/B.ratio of approximately 20 Y. equals the
mass M' ,x. will change -sign añd becones extremely
negative. In this case the aforementioned
criterion is still satisfied, since it -is
obvious that x,, remains positive. In table 2 the
stability roots are calculated; the smaller roots
are positive for the smaller LIB-ratio's and they
are becoming negative for the larger 1./B-ratio's.
Noteworthy is the difference between the two
last columns indicating, that the actually used
plate for the exeriments has a stable behaviour,
but that an imaginary mass].ess plate has an
oscillatory stable behaviour. This fact is also
found in stability analysis of ships which have
large fins or deep keels, like sailing yachts and
is caused by the small inertia forces relative
to the lift forces [13]



Jacobs 11i,15] published a brief account of a
simple theory for the calculation of the linear
coefficients of the aorizontal motion based
upon simple hydrodynamic concepts. Apart from
an ideal fluid treatment of a wingshaped body
in an unbounded flow, resulting in Iiydrodynamic
added masses and added moments of inertia with
cross coupling coefficients, a viscous part is
included representing the generation of a lift.
Therefore, as an example the Jones' low aspect
ratio lift formuJa has been applied. Lift
generation depends upon the flow conditions
near the tiailing edge. As these conditions
vary, it seems appropriate to introduce an
emviricaì constant IC to take these variations
into account, as vas suggested by moue [16].
This K-constant turns out to be nearly .75 as
an average. In appendix 3 a brief account is
given of Jacobs' method, which has been chosen
for a comparison with the measured results.
The total lift, as a result of an inertia
distribution and a viscous distribution along
the ship length is generated for the greater
part in the forebody, which means that the
viscous part counter-balances nearly the
inertia-part in the afterbody Ci-5,1-7J . The
centre of the viscous force distribution
therefore lies well aft of the centre of
gravity (xjj)The second moment of the viscous
force distribution is characterized by x and
obviously this quantity is' negative.
From the measurements of the relevant
quantities .thevalues. of K,. x and .x .are
calculated. and they are displayed in tgure 17.
They coincide remarkably well.with.empirical
values presented by moue and Albring [183.
The coefficient Y. can also. be used to check
the validity of the. empirical.constants K1,x,.
In figure 12 it may be. seen,that there is a -

satisfactory: agreement- for the, lower Froudé
number. Apart. from considerations --regarding the
damping- coefficients, it-is :obvious,:.that: the-.
added mass, added- moment of -inertia' and the
mass cross coupling coefficients are accurately
predicted by the simple stripwise integration
of sectional values of added mass depending on
local-fullness and local BIT-values. So called
three dimensional corrections have been applied
as indicated by Jacobs and others. In order to
compare the measured results with other methods
available in literature, it has been decided to
use the results of moue which are principally
based upon Bollay's low aspect ratio theory and
a number of empirical allowances. Appendix 3
gives a brief account of the used formulae
according to moue. As can -be seen in figure 12
the calculation agrees with the measured results
with the exception of Y.. Norrbin [19Janalysed
statistical material and derived regression
formulae on the basis of the so called "bis"
system of reference, In appendix 3 these
regression formulae are into the
nomenclature adopted in this paper. Inspecting
the formulae a smnhl effect of the L/B-ratio
can be demonstrated, while generally speaking
the calculated results, using these regression
formulae are in close agreement in the normal
range of L/B-ratio's, as shown in figure 12.
Since lift generation is of primary importance
in manoeuvring- problems and since experimental
material about this subject is not extensively
published in literature, it has been decided
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to give the transyerse force. and moment in the
sway motion for two speeds : F=.15 and Fn.30,
as a function of reduced frequency and
amplitude in figures 15 and 16.
In a very restricted range full linearity in
frequency and amplitude exists. For the higher
frequencies linearity is lost to some extent
especially in the transverse force and to a
smaller extent in the moment. A number of
effects are obscuring the results, for instance
nonlinearity owing to the cross flow. Also
frequency- and amplitude effects are interferring
when one tries to interpret the experimental
results.

14, REFERENCES

t:i] Todd, F.H.,
"Some further experiments on single screw
merchant ship forms .Series 60"
Transactions of the Society of Nava]. Architects
and Marine Engineers Vol. 6-i, 1953.

[2] Gerritsma. J.
"Some recent advances in the prediction of ship
motions and ship resistance in waves"
International Jubilee Meeting on the occasion
of the 140th Anniversary of the Netherlands Ship
Model Basin, 1973, Wageningen, The Netherlands..

[33 Shintani, A.,
"The New formulae of calculating Pitch -and -
Heave of Ships -by -the, Strip Method"
Transactions.'Japan. Society. of-Naval Architects
Vol. 1214, 1968. -

'[14J S6ding, H.,
"Eine Môdifikation der' Streifenmethode"
-Schiffstechnik Bd.16, Heft 80, 1969,, pp 15-18

Book
[5] Semenof.-Tjan-Tsansky, W.W.., -

Blagovetsjenski, S.N., Golodolin, A.N.,.
"Motions of. Ships"- (in Russian language). s -

Publishing' Office- Shipbuilding, Leningrad 1969.
[63 Tasai, F.,

"Improvements in the theory of ship notions in
longitudinal waves"
Transactions International Towing Tank Conference
Rome, 1969, pp. 6T'j.

[TJ Salvesen, N., Tuck, E.O., and Faltinsen,O.
'!Shjp motions and Sea Loads"
Transactions of the Society of Naval Architects
and Marine Engineers, Vol. 78, 1970.

Korvin-Kroukosky, B.V., and Jacobs ,W-.R.,,
"Pitching and Heaving Motions of a Ship in
regular Waves"
Transactions of the Society of Naval Architects-
and Marine Engineers, Vol. 65, 1957

Gerritsma, J.., and Beukelman, W.,
"Analysis of the modified Strip Theory for the
Calculation of Ship Motions and Wave Bending
Moments"
International. Shipbuilding Progress, Vol. 14,
No. 156, 1.967.

[io] Gerritsma, J. and Beukelman, W.,
"Analysis- of the Resistance Increase in Waves
of a fast Cargo Ship" -

International Shipbuilding Progress, Vol. 19,
No. 217, 1972.

[11]Hu, P.M.,
"Forward Speed Effects on Lateral Stability
Derivatives of a Ship"
DL Report 829, August 1961.



L12] Van Leeuven, G.,
"The latera]. Damping and Added Mass of an
Oscillating Shipmodei"
Shipbuilding Laboratory - 'University of
Technology, Deift, Jily 19614, Pub]icatioú no.23.

[13] Gerritsma, J., Glansdorp, C.C.,
Moeyes, G.,
"Stil]. water, Seakeeping, and Steering
Performance of "Columbia" and "Valiant"
Shipbuilding Laboratory, University of
Technology, Delft, The Netherlands, report no.
391, March 19714.

Jacobs, W.R.,
"Methods .ot Predicting Course Stability and
turning Qualities of Ships"
DL Report 9145, March 1963.

[15] Jacobs, W.R.,
"Estimation of Stability Derivatives and
indices of various Ship Forms and Comparisoú
with Experimental Results"
Journal of Ship Research, September 1966, pp.

135-162.
[16]' moue, s.,,

"The Determination of Transverse Rydrodynamic
Nônlinear Forces by Means of Steady Turning"
11th International Towing Tank Conferencé,
Tokyo 1966, pp. 5142.

[iyj Norrbin, N.H..,
"Forces in oblique Turning of a Model of a
Cargo-Liner and a Divided Double-Body Geosim"
The Swedish State Shipbuilding Experimental
Tank, Gteborg, Publication 57

[18] Albring, W.,,
"Summary Report of Experimental and Mathematical
Methods for the Determination of Coefficients
of Turning of Bodies of Revolution"
CONLAN 2

£19) Norrbin, N.H.,
"Theory and Observations on the use of a
Mathematical Model for Ship Manoeuvring in deep
and confined Waters" .,
The Swedish State Shipbuilding Experimental
Tank G3teborg, l97l Publication .68.

t203 Joosen, W.P.A.,
"Added Resistance of Ships in Waves"
Proceedings of the 6th Symposium on Naval
Hydrodynamics, Washington, D.C.,, 1966 pp.. '637.

Resistance in Waves
60th Anniversary Series, The Society of Naval
Architects of Japan, 1963, Vol. 8 Chapter '5.

Havelock, T.H.,
"Notes on the Theory of Heaving and' Pitching"
Transactions of the Institution of Naval
Architects, London 19145o

[23] Clarke, D.,
"A Two-Dimensional Strip Method for Surface Ship
Huil Derivatives : Comparison of Theory with'
Experiments dm a Segmented Tanker Model"
The International Symposium on Directional
Stability and Control of Bodies Moving in.
Water, 17-21 April 1972, London, Paper 8.

5. APPENDIX 1

The equations of notion of heave and iitch

The equations of notion of heave and pitch and
their solution are given' by

(p7+a)bcz-d-cô-ge)=F (heave) i
(I+A).+B6+CO-D1-E-Gz=M (pitch) (i)

zzcos(wt+c) , O8cos(wt+cJ
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The various coefficients a-g and A-G are
derived from

.

oVE
J

F'dxb

- f F'd
(2)

where F' is the hydronechanical force acting
on a cross-section of the ship.

It can be found that

Thé effective wave elevation ' is defined as

s-k?
Ce ,vhere

o

?=_ln(l_ì. fye) (p14)

-T
This expression follows from the integration of
the vertical component of the undisturbed
incident wave pressure on 'a cross. séction
contour. Thé time dérivatives of are used in
thé calculation of the damping and added mass
correction to the "Froude-Kriloff" wave force
and moment.
Because harmonic notions onlyare considered,
equation (3) can be written as

F' -2pgy( z_xb8_c')_rn'( E- +2V-V) +

+v_xbé+vo_)_N' C' _xbÒ+2V6 -*')+

+V(z-x,0e- !. - c') (5

Combining equations (2) and '(5.) one findé

a
f

t

b
J

c2pg

.d= f

N'-V

f

g2pg f 7wXbb,

(6a)

dxb
e

e

f
N'xbd.xb_2V f m'ix.,,- xbdb+



If

&xdxb+2 fNtx%*bdxb
iv r' 2 1+ [X%j

fN'xdx2V f m'x Vxdcb +
tiN'

'C2pg f

ç f
'

Le L

E
f 'x,dxbV J

G2pg f (6b)

FF cos(w t+c) and MM coS(wt+f14)a e

c2P f ye'î:
;w

2 (ml+[.ij)e_10Sk%&x

(7a)

cos I -kT'coS.C_2Pj yX,0e kxbdxb +

N v)çbekTJ dxb +

2

(Tb

For ships where N' and n' are zero at the st
and stern the expressions (6) and (7) can be
simplified, but this has not been carried
through in the corresponding computerprOgralfl.

When the terms between the brackets are
left out from equations (6) and (7) an4 when
' =1 in the coefficients of N' in (7,) the

e resulting equations of motion are equa]. to
those derived by the modified Korvin-Kroukovskï
and Jacobs' results f9)

Fa 'coB
C, sina

Ma

then:
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APPENDIX 2

The Added Resistance, in, Waves
The added resistance of a ship in waves is

a result of the radiated damping waves created
by the motions of the ship relative to the water.
Joosen [203 showed that for the mean added
resìstance can be written

RAWI ('bz2+B62) (8)

This expression vas derived by expanding Maruo"s
expression [21] into an asymptotic series with
respect to a slenderness parameter and taking
into account only first order terms.. His
simp].ified treatment results in an added
resistance which is independent of the forward
speed. This latter fact is roughly confirmed
by experiments [10]
Equation (8) is equivalent to Eavelock's
equation [223 . Although not consistent with the
theory, the frequency of encounter is used by
Joosen in (8) when a ship' with forward speed is
considered. In equation (8') uncoupled motions
are considered. En the present work the following,
procedure is adopted for the calculation of the
radiated damping ener P of' the oscillating ship
during one period of encounter

dtdx (9)

where b'=N'-V, the sectional damping
coefficient for:ship at speed and: :.

the vertical relative
vatervelocity. at .a cross section..oz the 'ship.,
As V is' a harmonic' function. with: amplitude 1za
and a frequency:equal.to the frequency of
encounter:'w ve: find

P=.J; fbv2cìx (io)et
Following the reasoning given by Maruo in [21 J
the work being done by the towing force RAW is
given by

P=R1(V+c)TeR1A (ii')

From (io) and (ii) it follows that

R f b'V2 ir , (la)
AW 2u zabet

This expression is almost equa]. to ('8) when the
wave elevation C is' compared with the
vertical motions of the ship in addition to a
very low forward speed and fore and aft syetry.

APPENDIX 3

The Equations of Motion of Yaw and Sway
Principally the following account is based

upon work by Jacobs [114,15j.
The equationsof motion for the bare hull
condition are given by



y. y r r
I' .l.Nt.I+NIvl+Nti.t+NIrtzz y y r r

The hydrodynamic coefficients in (13) can be
calcúìated by assuming a division between an
inertia, force distribution and a viscous force
distribution along the ship's hu.U. The
distribution of the hydrodynamic inertia forces
can be found by weil-known methods in hydro-
dynamics of which brief accounts can be found,
among others in [9, 23]. Confining ourselves
to horizontal motions at a constant forward'
velocity in an ideal fluid the following
expressions for the right-hand sides of (13)
are derived

Y! =Y"+'+X'r'+Y'i'
id y u r (11)

N! ""+'(Y'x' )v'+Y!(+'+r")d r t u r

'The coefficients appearing in (.iI) are calculated
by the following expressions, assuming that the
strip method is applicable together with Lamb's
correction coefficients of accession

(sway')

(13)
(yaw)

X K1M'

From Cih) it is äbvious, that for the damping
coefficients the following expressions exist in
an inviscid fluid :

Y' . =0
V id

Y' id=X
r u

N' . =Y'-.X'
y id t û

N' =Y1r id r

A ship-shaped low aspect ratio wing in a real
fluid develops a circulation around the
profile generating a lift owing to the
viscosity. This lift can be approximated for
moderate speeds by the corrected Jones' low
aspect ratio formula, taking into account the
action of the water surface by doubling the
draught. This formula can also be considered
as the integra], of the viscous force
distribution along the hull. The first and
second moments of this distribution yields
the remaining damping derivatives

(16)

Y' 2T ,Ty v.sc= -JOT T t.
-' , KT

r visc

2
- ,2' I1

visc _p2 2z--

Numerical values of the empirical constants IC1,,

x'1and X'2 are displayed in figure 17.

Cmbinin equations' (16,17) the total damping
coefficients can be listed as follows, assuming
that mutual interference between inertia and
viscous forces can be neglected

2
Y'= -2K,r
V 2

m2
N'=YXx' 210t-
V y u pl

L2
2

Y'X!-x' 2K1r!r u pl
L2

2
N'= -X'2 2Kir p2

L2

For the purpose of comparing the results of the
experimental coefficients with some existing
formulae concerning damping coefficients,, the
following expressions are appropriate for the'
even keel condition, following moue [16j:

2
Y, -2Km,

L

T2
y 2

2'

YKlT! (.36T.142!)r L2
L

'2

1.08.!
r 2

Norrbin £19] published., data respecting the
damping derivatives. His results 'are given'

in the form of regression formulae in his
non dimensional so cailed"bis' system. In the'
nomenclature 'adopted in this paper the
expressions are given preceded by the
corresponding formulae in the 'bis' system.

2 2

Y"=,.1.69 -0.0I; Yt.:_1.691r!2_0.08
C_

N'1-1.28 +0.02; N'-'1.2&
'

Y!'= 1.29 -0.18;Y1.29 20.36
CT

W'. _1.88 +0.09; N"-1.'88 !L
Ui' o V r 'L2 L L

(20')

N'
V

N'r

(19.)

y

N= -

r

-r

T2' ç
I Cdx'

s

i C x'd.x'

L C5x'2,dx'

W,-
'(15)

L3
.,

L

vK'T2

L"

nK'T2-
L5



,TALE 2

-8-
TABLE i

"

In

L/.BÀ4.O

3.0148'

L/B=5.5

.3.0148

L/BT.0

3.0148

L/B=1O.O

3.0148

L/B=20.O

3.0148

L/B=

3.O!48

LWL in '3.099 3.099 3.099 3.099 3.099 3.099

B m .7620 .55142 .143514 .30148 .1521i .006

rn .17142 .17142 .17142 .17142 .17142 .17142

V .2832 .2060 .1618 .1133 .0566 .0032
2

Aw 1.8267 1.33142 1.01435 .7331 .365?

'L .9737 .7117 .5566 .3909 .19147

CB .70 .70 .70 ..0 .70
CP .71' .71 .71 .71 .71 -
LCB before .0,114 .0114 .oili .oi4 .0Th

LCF before -.063 -.06E -.063 -.063 -.063 -
.25 .25 .25 .25' .25 -

2
M kgf sec /m 28.859 20.988 1691 11.51e14 5.772. 7.513

.267 .268 .230 .229 .229 .
.275

LIB

n.

5.5 .7 10 20 .

M' 1978 11433. 1122 779 379 521 0

'I
zz.

1142 103 59 'l.i 20 39 0

Y' -i800 -1x00 -:1600 -11450 -11400 -1500 -1500
V

N' - .6io - 670 - 730 -780 - 700 - 500 - 500
't

-3:198 -2703 -2352 -1899 -1559 -1601 -1080

N! - 120 - 50 - 140 0 0' + 20 + 20
V

Y'-ld'r -1858 -12143 - 872 -. 1479; 0 0 . + 521

N'r - 265 - 295 -290 - 280 - 2140 - 260 -. 260

r - 1,10 - 90 - 6o.. o o o o

NI-I'r zz_
- 1.90 165 '. 125 - 105 - 88 - 95 - 56'

.538 .3014 .200 -.0148' -.901 -.935 Re-2'. 930

-2.051 -2.1468 -2.955 -3.382 _2.7214 -2.739 Im=.ti .1471

Table 2 to, be continued



")' plate vithout mass

LIB 4

F.20
n

5.5 7 10 20

Y? -1850 -1760 -1750 -1500 -1400 -1600 -1600
V

N' - 650 - 2o - 790 - 800 - 700 - 1i50 _ 45Q
V

-3198 -2543 241i2 -1919 -:1559 -1601 -1080
V

- 180 - 70 - 50 0 0 0 0
V

Y' -M'r -1748 -1283 - 892 - 1499 O O .- 521

Ntr - 270 - 300 - 310 - 310 - 250 - 240 - 240

r - 120 - 60 - 60 0 - 50 0 0

N"r IZ
- 195 - 165 - 135 - 112 - 97 - 120 - 81

.548 .369 .170 -.088 -1.064 -.997 Re-2.222

-1.929 -2.584 -2.926 -3.461 -2.180 -2.002

F .30n

LIB 4 5.5 7 10 20

Y, -2450 -2300 -2070 -1760 -1450 -1600 -1600
V

N' - 700 - 840 - 900 - 980 - 860 - 500 - 500
V

-3078 -2603 -2652 -2189 -1599 -1621 -1100
V

N, - 160

-'878
- 100

-1303

- 20
-1052

0

- 559

- 50

- 29

0

0

o

+ 521

- 330 - 360 - ¡*06 - 340 - 310 - 230 - 230

180 - loo - 100 0 - .50 0 o

N -I'r zz_
--200 - 160 - 120 - 115 - 95 - 90 - 51

.387 .225 .09Ó -.054 -.955 -.985 Re-2.982

-2.227 -2.909 -3.879 -3.706 -2.878. -2.5.58 Ixn+1.517
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T. Uìtgevoerde rnetinen

De Ocean Cruiser 16 i een snel toerj acht voor zeilen op de oceaan.- Ht

jacht. is ontworpen door G.. Dijkstra, itmsterdam ten behoeve van hemzelf.

De prestatiemtingen zijn met een model van bovengenoêmd jacht op.de ge-

bruikelijke zij ze uitgevoerd, in het Laboratorium voor Scheepsbouwkunde..

De resultaten van de metingen zijn gegeven in' de voIgende tabellen' en

figren

¶abeilen

I : Delangrijkste gegevens van schip en model

Ïi : Weerstand rec]-i.toD eñ zonder drift

III : Vergèlijk.ing van de weerstand per ton wa'tèrverplaatsing van de romp

IV : Prestatjes bij standaard, Iindsneiheden

V Zeilopperviak bi.j systethat'isch gevarieerde masthoogte

VI : Sne]heid-.voor-de-jjnd bi j variabele masthoogte

VII :Ge'zeilde tij.d' OD een standaardbaan

VIII : Gemeten en brekende tharskrachtoródùk-tie

Figuren :

: Vorm testwaterlijn en kronime van 'spantopperviakken

: Sne1i1eid-voor-de--rjnd

:, Sflelheid-jn-de-wind

Vergel.jki'n dimersieloze sneiheid-in-de-wind

: Sne]theid-in--de-wind bij variabele nasthoogte en stabiliteit

: Aangrijpintspunt dwarskracht bij helling nul.



2. Resultaten

Rëchtop varend'. zonder drift is de veerstand in kg per tn waterverplaatsing

voor sneiheden onder +F.35 gunstig ten opzichte van vergelijkbare schepen.;

boyen dezè sneiheid: is de weerstand lets ndeiiger. Hieruit bìijkt duidelijk

deinvloed van de lage prismatische coefficient. Waarschijnlij'k zou met een

kieivangeringere dikte een nog jets gunstiger weerstand te bereiken.zijn.

Voor en aan de wind varend blij'ken de resultaten matig te zijn voor lage

windsnelheden tot norinaal voor hogere wincisneiheden.

Gelet op de gunstige weerstand kan dit vat betreft het varen voor de wind

aleen maar veroorzaakt worden door hàt relatief kleine eiioipervìak. hier-

door bli'jven de prestaties bij lage. windsnelheden jets onder die van de ver-

gelijkbare schepen.

De dwarskrachtweerstandsverhouding is matig. wat vooral. een gevoig kan zijn

van de lage aspektverhouding van de kiel. Daardoor zijn de drifthoeken en

derhalve ook de weerstand bij aan de wind varen betrekkelijk hoog. De ge-

ringere. statische. stabiliteit ten gevolge van de dikke..kiel kan hierbìj ook

nog een rol spelen.

Dezelfde conclusies. gelden ook voor de gezeilde tijden op de standaardbaan.

Uit de snelheid.-in--de-wind bij varlabele masthoogteenstabilitéit (f ig.5)

blijkt, dat vergroting van het zeilopperviak voordelig is.

Merkwaardig is, dat bij lage windsnelheden verinindering van de stabiliteit

een overigens gering gunstig effekt heeft. Voor de hogere windsnelheden geldt

echter het omgekeerde.



Tabel i : Oca,, .CLkSII- %

Belangrijkste gegévens van schip ;en model,

(i) Modelschaal: 1 :8.3

syrnboo]. omschrijving
een-
held schip model (i)

LOA H lengte over alles rn /.Ò/5 1.929
LT Ïengte op testvaterlijn m /2.êoo 1.54I.
BM maximum brèedte m 9.129' o.4'97

max. breedte op testwaterlijn rn J.6'5o
TH diepgang van de romp in O.9i5 0./IO

diepgang tot ondérkant kiel m 2 .3O o..284'

H
AHI deplacernent van de romp in zoet water kg /j9J.o.
A deplceinent totaa]. .n zoet water kg /94/51.0 .54.'.oIR

LCB11 ligging drukkingspunt toy midden

testwaterÏij n

in o .39 0 .O

LT/ARhthl3
t

lengte deplacement verhoudi.ng

(slankheidsgraad)
4/ 989

BTWL/TH

LCH/LT

breedte diepgang verhouding

relatïeve ligging drukkìngsúnt 3.96
C prismatisehe coefficient .

S totaal nat opiervlak rn2 .53 .900 o .792
ZG

S
ligging gewichtszwaartepunt toy

waterlijn

in -o 539

I hoogte voordriehoek
rn .00

J basis voordrjehoek
,. m ¿.85 H

effekti.eve lengte voor1ijk grootzeil in //.6o
E ].engte onderlijk grootzeii in SaO?
SAb effektief zeilopperviak aan-de-wind m2 99.93
SÄd effekti'ef zeiloppervlak voor_de.-vind 235.46
ZCE

e
effektief zeilpunt baveri testwateruijn m 7e35

b kielhoogte in / .'/c°
e gemiddelde koorde kiel m 3 .9s0
ag geometrische aspektverhoud:jng kiel O.317
A pijihoek gr 21.0

halve intreehoek wateruijn gr /9.0



Tabel. II : Oce.an Cruier. 16

Wêerstand rechtop en zonder drift.

V

rn/s

V

kn

RT

kg

F(1)

:

kg/ton

2.80 20.3 O../9 1.20

H 1.119 3.3 Jo.q 0.1

2.0/7 .92 4'2..S ô./8o
2 .3.:ò5 41.4i8 . 57.1 0 2 O J .3,?

5.oq ?8.3 0.231 .

V

6.31 9y.3 . ó.2'' 5.2L
.2:88/ 5..o /b/.5 O.2S/
Jo2S. 5.89 /15.3 o.a2?.o 6.80

.3.i9 ¿/ JJO,f2' o.283
¿.4'4' ,/.9 O. .29 .i

4..?2 '9' O .305.. 4
7.00 .184.6 o.32/
7.2.8 2O(.4' 0.334' H /2.1.2.

3.885. .7.5 199.3: O.-35ç?

1/.033 7.941 292.5 o.36o
8./L O,3?3

4.3.2/ . 8.4'o 4'5'...3 0.396
H 8.8 '.55J.5 H

139y

.39.80.
4..754 5.2y

H
828.8 H o.4' .

4.8y8 i y.5 /004' 9 0 55

j .'ßo 1/9.3.9 o.ç'go. 7° ..
s.iû /0.0.9 . o.1, ..

v(rn/s)
(i) :

n vgL.



Tabel III : CrUi$ß J.

Vergelijking van de veerstand per ton vaterverplaatsìng

van de romp.

F
n LH

kg, /t:on

model /3s H mode1/2
/2.8O

LT 1/.00 /4'.o

0.10 0.7
0.15 /.4q /.86 /..ê
0.20 Jo/s J.','6 .3.3
.0.25 H s.a 5.6

0:.30 g.o' 8.9g 9..2
0.35 /5.00 .

1H J2./
L

O.J45 7o.5y 67.y 45.0



Tabel IV OCea C.e- /6
Pi-estates bij standaard windsnelheden

Vd = sneiheid-voor-de-wifld in rn/sec.

= sneiheid_in-de-Vind in rn/sec.
ing

= scheepssneiheid in rn/sec. bij zellen aan-de-wind

4) = hellingshoek in graden, aan-de-wind

B = drifthoek in graden, aan-de-wind

g veisnelling van de zwaartekracht, 9.81 rn/sec2

Lçeffektieve lengte testwa.terlijn.

wind-
snè] held

grootheid (i) (2) (3) (14)

3.5m/s H o .1Ro .0.150'TWL
'rng'

/gL O. iói O .170 O o/,?8

v/ /gL,

4)

0.2/i

¿.3'

O .239

,;z.i
o . 2',,.,

8.6
3.6 3.1 2.7

7.0 0.339 0.350 o..335v/IL
O 2416 0 2S6 ô 1a

v//gL 0..3/3 0.320 O.3/ a

4) /5.3
/7

5 /9.6
B 4'.7. 4'.3

10.Oin/.s 0,'/02.,: O.4'/.3

vfIgL . 0.2,?I,í' o.28o 0 .273

0.3413 0.34's O.i42
.24.1 2.o 28/

'3.7 c.8

(i.) : Oc.a LTw tZ.8o rn

(2), : LT //.00 rn

r(3) :Modet 19.o6 rn

(14) LT rn.



Tabel y :: Oceay Cuier. .16

Zeilopperviak bIj. systematisch gevarieerde masthoogte

Tabel Vi

Snel'heid-voor-de-wind hìj variai ele masthoogte

,ir

.1

rn

efÍ'ektieÍ' zeiloppervìak hoog.te eff'ektief

zeilpunt boyen! TWL

in

aan-de-vind
2

in

voor-de-wind
2

rn

/7.1.0 8g. 225.

/8.O.s g,.e H 242.

/9øo 995 255g
los., 28.y 8,..3o

.20.90 //0'3 H' 2P/.9 Or62

I

ru

sneiheid-voor-de-wind in rn/s

35 rn/s vf.O rn/s t100 m/s

/7./o' Y
. 'e5> '

3. Y .

/9.os .
. 3./o

2. .0/ 3 r. .50
2.03. 3. , 4.53:

20.9.0' 2.o .3.eo .



Tabel VII Qcej CVM.jCV I

Gezeilde tijd op een standaardbaan (i)

(i) : De baan is 10 miji lang en wordt heen en terug gevaren. De wind-

richting is evenwi5dig aan de baan

schip

In

gezeilde tijd in uur/xnin/sec.

vtv35 In/s V =7.0 rn/s vlO.O rn/s

model I3

model I3

12.90

//.00
1q00

5/1//'/Il
-/3,/oo

4'/$4'/4,ß

3/'/4'ii
/z//'4'

3/02/4'

2/4/9/ei

1/



OCea CYAISC.V..

Ce.nter1 en bereknc1e dwarsiichtrojìktje

B1,j heìLin nul

Cr1dr hcJ.3.

- r ,-n
2. 2','

/5.0

F =0.35
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1. SUN1ARY.

Four different. procedures to determine the added mass and damping, have been used to

predict the seaiceeping performance for different ship-types with, an increasing length,

block-coefficient and bulb.

Only vertical motions have been consideréd fOr the case of head waves.

If the close-fit procedures are accepted as a reference, it appears that besides a

MIT buTh-form transformation, also and for many cases with s.ight preference an adaptive

Lewis-transfOrmation, suitable' for bulbous sections., may be'appiied for the .pre-

diction of seakeeping qualities..

3.



2. INTRODUCTiON

For the calculation of added mass and damping of the. ship-sections the following

procedures have been used:

the close-fit mapping method for a goOd approximation oÍ the' cross-sectión '(i ,2)

an adaptive Leds_transformation of the cross section to the unit circle with

a special 'application for bulbous sections.. FOr 'normal 'Lewis-transformation

see (3,1).

the Frank close-fit method with a distribution of pulsating sources along

the contour of the cross-sections (5,6,11).

the MIT bulb-form transformation specially for tulbous sections combined with a

normal Lewis-transformationfor the other cross-sections (14).

After the calculation' of the sectionai'.added. mass 'and daping as denoted aboyé the

seakeeping performance in regular and irregular waves 'has been determined in the same

way and according to Korvin-Kroukovky"s strip theory: as modified byGer.ritsma e.a. in

(i). it should be remarked,, that: a vei'sion has been used in which no symmetrical terms

for the added' mass cross coupling coefficients were present. This version isreférred?

to in (8) as the old method.

The following parameters have been determined:

the heaving and pitching motion, the vertical wave bending moment at the midship

section, the added resistance 'or-power in waves, the phenomena of slamming and ship

ping in standard irregular sea.

These calculations have been applied for five ships with different lengths, block-

coefficients and buibsizes.

It was the intention to show the differences in the final results because of the

mentioned methods to determine the sectional added mass and damping.

14



SHIPS CONSIDERED.

As, denoted before the cá]cuÏations ha've been carried out for five ships with, in-

creasing length,, blockcoe.fficient and bulb. mese' ships are the following ¶ones,:

the 'weIl-known Todd. 60 series hull fOrm with CB ' .70.

the "S.A. van der SteÏ",, a fast cargo-ship with a small bulb (lt.1i%) (9)

the "Atlanic Crown", a containership with a circuler buI, of moderaté;size

(9.. 5%) (io)
4 the. "Davidson A Dst,roye,rI with an extremely bulbous fore-ship (35%) (ii)

'5. the "Mac'oma" a tanker' with a bulb of :6.9% (1:2)

For the principal ship data see table i and fôr the, offsets, see tables' 2-6.,

It should be remarked, th.t the MTbulbform' transformation cOuld! only be applied'

for the "Atlantic Crown" and the "Davidson A Destroyer". The integrated weight-dis-

tribution has alsO been presented in tables '2-6 for the different hips except for

the "Atlantic Crown" . In this case the integrated weight-distribution was unknown.

For the motions of this ship has been made use of .an estimated. radiu' of inénti'a.

The block coefficient varied from CB = 510 until CB = 850, while the ship length

varied from L 117m until L = 310m.

For all ships the full-load condition only has been' taken nto 'account.

Thé calculations haye'originally been made' for two' ship speed's, büt the tendency

proved t'o be the same for both these speeds, so that in the figures the results for

one seed only have been presented.
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14 CALCULATiON PROCEDURES..

In the close-fit mapping procedure the sh.p sction is conformally mapped to the unit

circle añd a distribution of multipoles is used for the solution. The mapping is done

by the föliowing transforniation formula:

N _(2II..1)
z = 5' + 2n-J

Cs)

where N. = maximum index number of the transformation coefficient.

The number N used for the ships considered is shown in table 1. The mapping under

consideration is rather accurate. A good description of the transformation procedure

has been presented by De Jongin (2). The computer results for added mass and dampïng

have proved to agree very well with experiiental results (i) . FOr this reason the

results of the close-fit procedure are accepted as a reference to check the accuracy

more or les of the other methods..

The Lewis-transformation is: obtained by: using N. = 2 for ( i) which results into:

The half-beam to draft ratio. and the sectional area coef.f±cient arepresented as

follows.:

_ 4+, +
= 2T - 4._.4 +,

F 2 2.

T

From ,( 3) may be derived.:

0(1 ::!c4 ,( 44

Substitution of (5) in (14) delivers the following equation.:.

+C20(,+C,=o
in which

cl,= (1- 4)+ (
C2. 2(C.)

c3= ci_4

'2\f H-
"-

H,4- 4

6.

z.=. +



The solution of (6) results into:

a3 = ' + ±

cl
From the discriminant of Ç8) it is obviots, that. the condition holds

>.1

H.-4
4D4 '

From (io) and (ii) follows:

o. f °-
' H0..i.4 I

The limits for the coefficient e1 are

4

and for a3, if only the positive root of (8,) is taken. ibto accoimt:

7.'7 -O 33

The Ilimits for a1 are to determine with (5), (í!O) and. (ii),.

if H i, then O > >. ,_

and if R> .1 then .0 > Q1>, I.57

(e;)

(2
With (i2)' it can le shown, that c1 in (î) is increasing with 0 'and so the minimum

value for c 3.

The maximum values for the area coefficient may be. evaluated foreach H0 with 'condition

(9) and delivers the relation:

(.ik. +_i: )u

c1Z

If H0ZI then:

k

and H> 4 then:

C I)



The minimum value of this range may be obtained by

dG = O which shovs, that this minimum value idl-I0
achieved for H0 = 1.and so with (17) the result is

(i)

The maximum values for the area coefficient are shown in figure 1 fOr B>1 and

Ho<1.

Small values of the sectional area coefficient may cause reentrant forms, but this

will only occur for very fine sections.This effect on the final results may be

neglected or can easily be avoided as denoted in (13,1).

The half-beam of a section should not be too small. For bulbous sections the half-

beam should not be smaller than 1% of the maximum half-beam of the ship.

If for a section condition (17) can not be fulfilled the adaptive procedure will

be so, that half-beam and area are kept constant, while the draught will be In-

creased to such a value, that condition (i') is satisfied. From this procedure

follows the minimum new draught.

8.

T ...,.5 B

For numerical reasons.T should he increased up to 1..0075T,.

This procedureas described above is called the adaptive Lewis-transformation and

will be specially required for bulbous sections, although the fit is not accurate..

Generally speaking the representätiön of the section by the Lewis-transformation is

rather poor, but this fit is not the main-target of the transformation.

It should be noted, that the use of this adaptive Lewis-transformation is restricted

to vertical motions only.

The Frank close-fit method is based upon the determination of the velocït potential

obtained for a distribution of source singularities over the submerged ship section.

The sources which satìsfr the linearized free-surface condition and the kinematic

boundary condition on the surface of the section-cylinder have to be infinite in

number to obtain a continuous source distribution. Frank (5) came to an approximation

by using a finite source distribution in such a way, that a constant strength was

considered for some straight segments replacing the original section. The hydro-

dynamic pressures are obtained from the potential by means of the linearized Ber-

noulli equation. Integration of these pressures over the submerged section-cylinder

delivers the hydro-dynamic force. The accuracy of this solution depends on the chosen

number of source segments. This number of segments has been denoted in table 1 for

the ships considered. The hydrodynamic forces represented as added mass and damping



in which A and B are transformation coefficients.

The half-beam to draught ratio and the sectional area coefficient are related to

the coefficients A and B in the next way:

H 4_R'+Aß-i-B
(24)o

(22)

The MT bulb-forms are used in (14) for sections with H0 G and G> 4.-2 and

claim to affOrd a rather good fit of the section

For our calculation of added mass and damping of -the bulbous ship sections accordiñg

to the MIT bulb-formtransformation use has been made of the Subroutine Bulb in (14).

The determination of the motions and other parameters have been performed with the

saine seakeeping computer-program "TRIAL" of the Shipbuilding. Laboratory of the Delft

University f Technolor as described in (114), so that differences in the final résults

may only arise from differences in the sectional added mass and damping. -

14.1. Smith-effect for bulbous, sections.

For thé calculation of the sectional wave forces and -moments an effective draught

is used in (î) and (8) at which draught these forces and moments are supposed to

act. In generai this effective draught T' may be found for each section by using

a sufficient number of vaterliies as shown in figure 2 and so it holds, that:

CçZ+A

9.

have been calculated with a computer program described and presented in (6).

The MIT bulb-form transformation developed by Demanche and presented in (14) by

Louka1s is just as the Lewis-transformation based on the sectional half-beam to

draught ratio and the sectional area coefficient and also eharacterized as a two-

parameter transformation.

The mapping function of the MIT bulb-form is .presented as,

(Zo)

_Irz - kz _k2r,
1iy, e # l.o.y, l. + LAyIe ... lrl

-
(\o&. t -1- i . _...

,

The general expression for each section becômes:

C23j

rf



k

o

from which the effective draught ay be solved.

If for a section y is increasing continuously with z., expression (2l) may be ii ten

as:.

from which follows

. o/L

o

yv,r _kzfie.

¡Y

e

After partia1 integration is obtained:
Yw

_kT f. _k
y / kJy cz)/Jfy

If one keps in mind., that z = O for y = y andf
O -T

_kz

Yw

(25)

the result looks as.

.z C)

eh(4_
fJCZ

. (z?)

loi.

-T
This expression for T is analog to the one used in (î), but one shOuld keep in mind,

that this eression is only valid, for a normai. s.ipsctiçn. where y is increasing;.-

continuously with ,z. For bulbous sections. the general expression (21).should bê used.

It is almost needless to remark, that the described I may be used for vertical wave

färces and. -moments only. . .



CALCULATED PARAMETERS.

Fixst of all tie response functions have been calculated for the heaving and ptching

motion, the added resistance in waves and the wave bending moment at the midship-

s:eetion The last one has not, been determined for bh "Atlantic Crown" because of the

lack of the eight distribution. AIl these parameters have teen plotted on base of

the root of the. ship-length wavelength ratio as follows :.,

fur heave

in the figures 3' - T -, li - 15 - 19'

for pitch

13=

in the figures 1 - 8 - 12 - 16- 20

c

1 1

considered

- Moskowjtz.

All these

follows':

in which:: = heave amplitude

= pitch amplitude

= wave ampliiude

wave, height (twice the wave amplitude),

added resistance in aves.

k' = wave number

wave length

k' , maximum wave slope

density of' water

acceleration of gravity

ship length between perpendiculars

breadth,.

Afterwards the significant values 'have been determined fur the' parameters

in different wave speCtra according to the general expression of Pierson

Moreover the 'number per hour' of shipping and 'slaing has been calculated.

parameters have been plotted on base of thê significant wave amplitude as

for 'the wave bending moment at the midship section

in the figures: 4: -' 8'- 16 -. 20

for the added resistance in waves Ç;



for the significant heave amplitude

for the significant pitch amplitude Oely3

for the increased effective power

for the significant wave bending moment amplitude

for the number per hour of shipping

for the number per hour of slamming

12.

in the figures: 5 - :9 -
13- 17- 21

in figures 6 - io - ii1

18 - 22

The differences in sectional damping and added mass are ñeglectable, for the greater

part of the investigated ships, except for section 20 of, the "Atlantic Crown" and

section 16 - 20 of the "Davidson A Destroyer". In view of this phenomenon and because

of the fact,. that the MIT bulb-form transformation could only be applied for both

the mentioned ships the sectional damping and added mass have been shown in the next

figures for the denoted cases only:

"Atlantic Crown" for U)E . 7 (A/L4.I,) the added mass and damping, on base of

ship-sections in the figures 23 and 21 respectivly;

for section 20 the added mass and damping òn base of frequency

in the figures 25 and 26 respectively.

"Davidson A. Destroyer" for 2(/L1.2Öthe added mass and dampiñgon. base of

ship-sections in the figures 2, and 28 respectively;;

for section 16, 17, 18 and T9 the added mass and damping on

base of frequency in t'he figures 29 - 36.

}

j



6. DISCUSSION AND COIARISON OF THE RESULTS.

Generally the differences between the results appear to be very small both for the

regular and irregular waves. The most sensìtive paraiieters are besidès the sectional

damping and added mass the resistance increase in waves and the wave bending, moment.

For the Todd 60 with CB .70 and the "S.A. van der Stel" thó results are almost

identical, which means that for normal ships without or with a small bulb no dif-

ferences ,in motions,, added esistance and wave bending moment may e expected in

consequence of the method considered to determine the sectional added mass and
r

damping i.e. the close-fit mapping method, the Frank close-fit metiod and the Lewis-

form transformation. For the "Atlantic Crown", a ship with a deeply submerged circular

bulb of normai size for this type the differences are' negligible.

The MIT bulb-form transformation could ony be applied för section 20 of this ship

and so the small differences in the final results between MIT bulb-form- and the

Lewis-transformatiön can only be caused by the difference in sectional damping and

added mass of section 20. See figure 25 and. 26.

From these figures it is clear, that the sectional added mass shows rather high

values for the adaptive Lewis-transformation in the case of a deeply submerged

circular bulb. Nevertheless the influence from this on the motion andresistance

parameters is very small and for practical purposes negligible.

The '!Davjdson, A Destroyer" has extreme bulbous sections in the forward part of' thé

ship and the MIT bulb-form transförmation could be applied for the sections 16 - 20..

A comparison of the results of the methods considered shows, that MIT bulb-form

transformation results deviate rather strongly from both the close-fit methods, al-

though for practical use the differences remain yet small.

The differences are mainly caused by too high values for the sectional damping in the

case of the MIT, bulb-form transformation compared with the results of the other

methods. See figure 26 - 36.

The results of the adaptive Lewis-transformation method for sectional damping and

added mass are closer to. the close-fit methods than those of' the MIT bulb-form-trans-

formation.. Consequently the same tendency can he shown for the motions, added

resistance and wave bending möment in spite of' a more correct representation of' the

section contour in the case of the NIT bulb-form transformation.

13.



7. CONCLUSiONS.

For :prediction of the seakeeping perfonriance of usiai ship types the method of

determlining sectional added mass and danping is ±iot so important. No sgnificant

différence appeared to be for all investigated ship types between the mapping-

and Frank close-fit mêt}od if tese procedures are considered to be a. reference,

it has been shown, that for extremely bulbous ßecions the results of the adaptive

Lewis-transformätion are cioser'to this reference than those of the HiT bulb-

form transformation with anexception dr deeply submerged circular sections



8. NOMENCLATURE.

A Sectional area; coefficient of MIT bulb-form transformation.

Transformation coefficient with index number n.

B Beam of ship; coefficient of MIT bulb-form transformation.

CB Block coefficient.

CM Wave bending moment coefficient.

Parameter for Lewis-transformation.

g Acceleration of gravity.

110
Half-beam to draught ratio.

k Wave number.

Longitudinal radius of inertia.

L, Ship length between peipendiculars.

Ship length on the waterline.

Mba Wave bending, moment amplitude.

Mbal/3 Significant wave bending moment amplitude.

Sectional added mass.

N Maximum index number of the transformation coefficients.

N' Sectional damping,.

PEAW Added effective power in waves.

RAW Added resistance in waves.

T Draught of. ship.

Effective draught for Smith-effedt.

x,y,z Right hand. coordinate system fixed to ship..

y Half width of designed waterline.

z Heave displacement,, mapping fûnction.

Za Heave amplitude.

Significant heave amplitude.
'3

A Wa'e length.

w Circular wave frequency.

Circular frequency of encounter.

Density of water.

a Sectional area coefficient..

15.



Pitch. amplitude.

Significant pitch ampiitue.

Instantaneous, wave elevation; denotèd rèference plane for transformation.

Wäve amplitude.

Significant wve ampidtude.

Wave height (twice the wave amplitude).
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TabLe 1 DATA OF SHIPS.

SHIP CARACTERISTIC (full scale) Todd 60 "Vati de Stdl" "Atlantic "Davidson. !cOë
CB = 7O Crown" .Destroyer"

Length between perpendiculars tp (rn) 121.92 152.50 196.00 116.77 310.00

Length On the waterline L. (m) 123.96 1514.68. 203.014 116.77 S 318Ö5

Breadth B '(m) 17.142 22.82 28.00 12.145 141.16

Draught T (ni) 6.97 9.114 8.15 14.26 18.90

1ô1urne, of displacement (i3) 103214 179th 26061 33145 23k9914

Blockcbefficient CB .TÓO .563 .58? .5140 .850

Waterplane area (m2) 1670 21428 3976 10714 13257

Longitudinal moment Of inertia
of waterplane (m141 114250514 2816396 81731499 952751 905114506

LCB forward 01' LpJ 2 (m) + .59 - 1.68 - 1.80 + 2.01 - 8.114

Centre, of effort of' waterplane -

forward Of (rn) - 2.55 -14.30 -5.97 - 10.95 - 6.76

Percentage of bulb O 1414 9.5 35.0 6.9

.2500 .2190 .2556 .25514 .2709

Maximum index number of transformation
çoefficient for close-fit mapping 19 19 19 31 17

Maximum number of sources segments for
Frank close-fit method 9 12 28 21 114

Freeboard at FPP for shipping 5.14514 15.000 12.1400 5.130 9.100



Dimensions in meter.

T /0. 0 1 2 3' 14 5 6 7 8 9 10

0 0 .1:54 .517 1.21i8 2.310 3.572 4.733 5.740 6.451 6.71.3 6.713
0.581 0 .565 1.550 2.765 11. 165 5:.51'5 6.650 7.1420 7.915 8.076 '8.1:00

1.161 0 .68o 1.895 3.280 4.770 6.1:90 7.265 7.960 8.375 8.52:4 8.540
1.742 0 .773 2.1:29 3.710 5.257 6.674 7.708 8.325 8.59.5 8'682 8.69,0
3.484 0 .932 2.734 4.64i 6.321 7.558 8.333 8.646 8.708 8.708 8.708
5.226 0 1.1428 3.701 5.729 7.184 8.07,2 8.534 8.708 -
6.968 .775 3.2014 5.347 6.861 7.811 8.368 8.629 8.708 8.708. 8.708 8.708

T /D. 11 12 13 15 i6 17 18 19 20

'o 6.71:3 6.700' 6.3014 5.572 4.337 2.9314 'i.6o4 .671 .1714 Q

:0.581' 8.100 8.100 7.855 7.260 6.335 5.i05 3.700 2.330 .895 O

1.161 8.54o 8.540 8.310 7.855 7.050 5.880 4.390 2.745 1.195 0

1.1142 8.690 8.690 8.551 8.186 'v.439 6.:292 4.780 3.0141. 1.373
3.484 8.708 8.708 8.656 8.45,5 7.872 6.774 5.216 3.387 1.5141 0

5.226 -' - 8.690 8.534 8.oil 6.983 5.k59 3.5414 1.602 0

6.968 8.708 '8..T08 8.708 8.:577 8.142 7.201 5.703 3.744 'i.69q o

Table 2. Todd 60 6 .70

Ordinate Weigth from FPP
number to ordinate

Ordinate
number

Weight from
FPP to ordinate

ton

o 10356.49 11 4635.05
1 10327.17 12 4013.66
2 9958.. 92 13 3058.83
3 9337.08 14, 2558.46
:4 8634.07 15 2369.46
5 8071.18 16, 1803.61
6 79114.75 17 1:068.30'

7 7391.27 18 4114.76

8 6525.91. 19 39.70
9 5783.90 '20(FPP). o

10 5296.57



Table 3. "VAN DE STEtt'

Ordinate Weight from Ordinate Weight from

number FPP to ordinate number FPP to ordinate

0

ton

17931.00 11

ton

7i014.òO

1

2.

. 171478.25 12,

1287.. 50' 13'

5.5146.63

14362,. 50

3 16877.75 iI4 3695.63
14 16068.00 15 " 21497.13

5 15313.88 16 1.213.75

6 1143145.13 17 805;38

7 12899.00 18 149L13

8 11552.63 19 3142.88

9 . . 10016.25 20 25. 00

10 8512.50

Dimensions in meter.

TIO: O 2 3 14 5 6 7 8 10

O 0 0 .195 .350 .960 1.914Ó 3:.1:85 14.660 6.205 7.1400 7.655

.1435 0 0 .515 1.230 2.325 3.750 5.255 '6.820 .8..i0 9.1145 9.35.

.871 0 0' .00 1.635 2.985 '14.590 6.300 7.880 9.135 9.95.0 10.090

1.3014 0 0 .825 1.91415 3.14140 5.150 6.905 8.505 9.710 i0.14OO 10.510

2,613 0 .060 1.180 2.735 14.600 6.1455 8.280 9.'715 io.68o 11.114:5' 11225
3.919 0 .125. 1.615 3.560 5.615 7.585 9.260 i0.J:145 11.1:145 ii.14o ii.14io

'5.225 0 .1145 2.275 14;5145 6.655 8.570 1:0.005 110.900 ili.14i:0

65311 Q .560 3:.225 5.680 7.700 9.365 10.550 1.i.20b 11.141.0

7.838 '0 1.870 14...51:0 6.825 8.670 10:..025 10.9145 il..35.0 11.141:0 -
9. i1414 9140 3.1475 5.880 7.915 9.1470 10.5145 11.200 11.39.5 11.141:0 ii .14io 11.1410

T /ORDfl
no.

1:2 i3 114 15 i:6 17 18 19, 20

0' 6.855. 5.1450 3.925 2.525 1.90.5: 1.375 .965. .625 .290 0

.1435 8.7140 7.6145 6.170 14.715 3.51.0 2.650 i'o99;5 1.515 128'O .995

.871 9.580 8.615 721O 5:.725. 14.335 3.260 2.1470 1a915 1.585 1.380

1.306 'i..o14 9.120 7.730 6.265 14.805 3.610 2.715 2.100 1.700 1.500:

2.613 10.795 9.960 8.750' 7.295 5.735 14.265 3.050 2.155 1.560 1.110

3.919 11. 130 10.14140 9:.365 7.93.5 6.31:0 14.680 .3.200 2.0140 1.075 .390
5..225 11.265 1.0.7140 9.775. 8.1425 6.765 5.010 3.3145 1.910 .765 .060

6.531: 11.320 i.o..96o 10.1051 8.850 7.1190 '5.3140 3.500 1.870 .685 0

7.838 11.370 11.100 10.360 9.205 7.6110 5.705 3.750 1.970 .755 0

9 i1414 11 1410 11 200 10 580 9 520 8 010 6 1140 14 160 2 330 990 075



Dimensions in meter.

Table 1h

1,

"ATLANTIC CROWN"

distribution

5 6 8 9 10T/D.0 2

No weight

3 14

o .140 .140 .140 .140 .140 .140 .85 .9o' 6.83 8.93 10.00

.388 .141 .140 .1414 .81 1.66 3.31 5.148 7.75 9.71 ii.o6 ii.68

.776

1.165

.142,

.1414

.140

.140

.51

.63:

1.21

1.69

2.62

3.55

14.65

5.73

6.89
7.914

9.01

9.89

10.6911.85
11.147 12.1414

12.35

12.79

2.329 .146 .140 1.16 3.12 5.60 7.86 9.98 11.61 12.78 13.143 13.62

3.14914 .50 .52 2.03 14.59 7.25 9.51 11.31 12.63 13.148 13.86. 1:3.95

14.659 .52 .97 3.22 6.06 8.72 10.76 12.28 13.31 13.86 i1400 114.00

5.8214 .57 1.86 14.j.14 7.56 9.98 11.73 12.93 13.70 114.00

6.988 .67 3.37 6.1414 9.02 1.1.07 12.145 13.36 13.89 114.00

8.153 2.142 5.147 8.21 10.32 11.97 13.014 13.70 13.99 i'14.00 114.00 i14..00

T/ORD. 11 12 13 15 16 17 18 19 20

.0 9.28 1.67. 5.62. 3.147 1.70 .59 .02 0 0 0

.388 11.114 9.88 8.214. 6.22 .14.36 2.77 1.146 1.35 1.35 1.35

.776 '11.91 10.75 9.1.6 7.26V 5.31. 3.57 2.07 1.80 1.80 1.80

1.165 12.38 11.32 9.8.1 7.96 6.01 h.11 2.148 2.13 2.13 2.13

2.329 13.31 12.145 11.09 9.314 7.314 5.26 3.35 2.50 2.50 2.50
.3.14914 13.76 13.09 11.89 10.21 8.22 6.10 14.01 ?.30 2.30 2.30

'h.659. 13.96 13.146 12.38 10.82 8.88 6.72 14.514 2.62 1.36 1.36

5.8214 114.00: i3.67 .12.73 11.28 9.39 7.214 14.99 2.97 1.29 .214

6.988 114.00 1:3.79 13.00 11.65 9.79 7.66. 5.39' 3.31 1.51. 0

8.15.3 114.00 13.89 13.21 11.95 10.18 5.07 5.81: 3.67 1.75 .20



Dimensions in meter.

T/OBD. O
no.

o o

.203 0'

609 0.

1 .217 O

1 .826 0

2.14314 0

3.0143 o

3.6,51 2.'i1
14.260 .68

1

'O

.0

O

0

0

1.38
4..2o

4.145'

2

O

O

0

0

0

.93

3.55

14.83

5.05 '

3

O

O

0

0'
.57

2.66 '

k.56
5.31

5.59

14

O

O

0

.32'

2'. iS

3.83

5.06

5.56

5.72

.5
o

O

o

1.9

1 .71.

3.26
14 .514

5.38

5.78

.5.90

6

.13

39

.85

1:. 30

2.62

3.80
4.91:

5.62

5.93
6. ob

7

.1,3

1.15

1.70
2'. 11

3.29

4.36

5.. 21 '

5.82

6.09
6.11

'8

.514

1.56

2.13
2.61
3.71

5.68

'5'. 143

5.92'

6.i6
62Ö

9

.8.1

1.89
2.58

2.97
14'. 05

5.88

5.58'

6.02
6.20

6.22

10

81

1.95

2:.67

3.. 17

4.25

'5.07

5.68
6 .06

6.20
6.22

T/ORD. 11
no..

12 13 lit 15 16 1.7 1:8 19 20
0 .81 .81 .81' .:8i .81 .8.1 .81 ..8 1' .05 o

.203 1.95 1.95 1.95 1 .95 i . 95 i .95 1
. 95 1.80 1.141 0"

.14o6 2.67' 2.6, 2.67 2.67 2:.67 2.. 67 2.62 2.33 i .82 O

.609 3.. 1:7 '3. 17 3.17 3. 17 3.17 3.' 17 3.03 2.69. 2.06 o

1.217 14.25 '4.25 14.25 4.25 '14.. 25 14,03 3.69 3.22 2'. 35 0

1.826 5.07 5,. oi; 14, 97 4.814 14.. 62' 4.29 3.. 83 3.23 2.29 '0'

2.1434 5.62 5. 5 5.. 32 5.00 14.56 5.03 3.. 55 2.82 1.. 89 o.

3.0143 '594' 5.. 72 5.37 4.82 14.27 3.53 2.82 2.05 1 .28 o

3.651' 6.06 5.79 5.25 14.58 3.90 3.1:0 2:. 32 1 .59 .93 .0

4.26Ö 6.13 5.76 5.20 14.47 3.76 2.92 2. l'i 1.52 80: o

ton ton

o 34h7.141 11 1578'. 60

3355.2.5 12 1358. 66
2 3259.146 13 1.1:141,72

3 3139.20 932.53
14 2997.146 '15 738.70
'5 28314.214 1:6 560.23
6 2659.55 17 391 13
7 214143,. 314 i'8

8 .2226.141 19 1:17.01'

9. 2009.147 20 o

lo 1792.53

Table 5. UDAv1DSOf A DESTRQEI

Ordinate Weight from Ordinate Weight from.
number FPP to ordinate number 'FPP t'o ordinate



Table 6 '"MACDMA"

Ordinate Weight from Ordinate Weight from

number FPP to ordinate number FPP to ordinate

Dimensions in meter.

0.

ton

231499)4 11

ton

112191

1 23109)4 12 995)40

2 223883 13 86889

3 213365 114 7)4237

14 . . 2007149 15 61586

5 188098 . 16 .. 148935

6. 17514146 11 362814

7 162795 18 23703

.8 150114)4 19 111589

.9 1371493 20: 0

iO' 12148142

T/ORD.,no.
0 1: 2 3 '14 5 6 7 8 9 10

O. O 1.10 3.76 7.2)4 11.38 i6.00 20.12 20.55. 20.55 20.55 20.55

0.9 0 2.21. 6.26 10.914 15.60 19.146 22.10 22.89 22.89 22.89. 22.89
1.8 0 2.67 '7.143 1.2.141 17.03 20.58 22.82 23.145 23.145 23.145 23.45

2.700 0 2.9.8 '8.25 13.150 18.09 21.36 23.22' 23.58 23.58 23.58 23.58

5.1400 0 3.61 .1O0O 15.81 20.10 22.68 23.58 -
8.100 0 14.31 iî.57 17.147 21.32 23.31 - -

10.800 0 5.60 13.28 18.82 22.13 23.57 - - - -
13.500 0 8.26 15.08 T9..93 22.68 23.58 - - -
16.200 14.5.7 11.30 16.78 20.85 23.05 23.58 - - - -
.i8.oO T.i)4 13.36 1!8.19 21.52 23.28 23.58 23.58 23.58 23.58 23.58 23.58.

T/0g.. 11 12 13 15 i6 17 18 19 20

0 20.55 20.55 20.55 20.55 20.55 20.55 20.'}40 16.014 7.63 5.26

.900' 22.39 22.89 22.89 22.89 .22.89 22.89 226O 18.90 11.0.5 2.63
1.800 23.145 23.145 23.145 23.145 .23.145 23..145. 23. i6 1:9.95. 1!2..39 .3.37.

2.100 23.58 23.58: 23.58 23.58 23.58 23.58 23.142 20.59 13.28 3.85
5.14OÖ - -. - - - - 23.58 21.57 114.7,9 3.96
8.100 - - - - - 21.95 15.140 2.15

10.80.0 - - - - - 22.. 1.2 15.60 .148.

13.500 - - - - - - 22.214 15.72 0

16.200 - - - - - - - 22.31 15.92 0

1'8.:900 23.58 23.58 23.58 23.58 23.58 23.58 23.58 22.39 16.29 0:



2 

LJ. 

AY. 

o! 

4: 

2 

H 

:1 I I 

j. 



CE 0.70 F-, = o. 2c

T.
+ .. LiAS. rcAs F2wmoW

FIVK g-FtJiEtHo_
A 3 Eivric.. o'

D.

1p C=c'.7c F,c'.Zc

4.Otj

*

Ij .4-..
i I r

Ii

J

j:

I r
.

-' - t T



O
-i9-'-- MEi1-10

FIG 5_
-. VESC$ SNIt(C.c'wV ',4VE4'1PLIThDE

jø

H-----
- . L's - - I

D D FÇZÇK CLE-FÍr rET.4o.
-I

ELt;.

tN.G Lqrct To_G.t jFiCIT W

ThD 6 C= co Fr,= Q.Zc



i.

i-.

. .i___i._____ .-

DE STLII j Fri .O.

L....: :.4_H. _. i : A

L- -t
I. -

I -- - - -

.15

¿H

-1-

EM

VÑ = o.-o

:1

------u-.-

--o

L

I
I

-I- -
4. :.ti.l.ij..iLE:ivç____ It

I

_____________
i

aYt
I -

.. Lwr T RP41TJOJ - -
- - D IiFi7É1 LM11

--4
r-if-t



1ViJ c.E'STEL"

For-1,rLcM
- DL a_RÑK SEEJtJEThQD

q DDD_o W?4o W4 EÑDD1 oT
:WEÂMLtTDE

- ci-4--- Cl

SLAt-I? 1& QLST1D 1ÑLFCT
w.qv .. P.Lrt J

1

4

±

----i--.---



I
HT4HH9 a

--.4----.-- -I

- o_

H-0 !4.

- 1-

ï -; 'Lc5EFtr 4PPiWGtTIoLJ
r + LEWITRRNbR t4QÑ

CLÇ.EI1.t-sE1HoD ---;
A M flt --òL ø.tRAJ14ftOJ

TEJ.4I çt.FoUio
-. _.__j-.::'i

1._L: I

o 0._._..CL.E.-FiT MAPiN ME1-1oD
-+ - + LEWIS -- -L
Q D PN .,.CEIr.METho . - -

- -A - M IT 1L -r.s rIôw: - -:

fl ¿, L Jc.rioJL s

44Tt,9NTt C Fr,.,O.2&2. TLffl c.iowtJ' - - F .oZ:

H i -r:

i A
J

Lo. -- .1 :-. -- - -



-. O O--- C-TIY F PING kETHo
Lwv I.s , -

IEJG I3 MdtJS DED OWEÇ
51 TF CP.JT WJ ,p..wLIrLjD

TL,Ñ1C Cow3 .

14

loo

r -

L.

IOD

o -- 0CLc$FÇr PPPIN6 FlT14

4. Lwi5_i',.S FOeWTION_I
i FAr.JK ..CL0SE-.FIT F1ETWo -H :i.i-i-

MT_ Bu(B rti-t 1AtIQJ

Fi ILLNÚMeER p,'_ ¿FJj
I 3L1tiilN&_ LAIE ro JJ)ELCFW 1

--

4TL6q?JT1C C?QwN* Fr=o.ZS2



o CLo-FiT MPPN MEfl4o
. LEWL$N VOtJ

D D CLOEFIT riEThO
L A- t!1 t-JL&J FoP4L1?TICP3

____E1 15 SPNSE. Jc1ictJ V4LM
T.

L

Hao

Ç4

"4iIo - Fr, =.

opI,JÄTgto

o

D
+ o

0
4.

o.

4

I
.

. V.

Oo' FpJKo-F rEP4cO
I!S1_4r1WJ L-4' MIT 4EcR&1.-1ii-

- I

EIGr.i(CL VRN.J F I. S 4DJ L
i.TiqNE EÑDIÑG

f:

i4.. t... ..-- --V----



--1-- ?. ..3H ..Lo iL. 2.. ....J
j

.J.wi5 MgrIøÑ A- - Mrr &JL,
MATI

Fi . Fb..eE qW WA t4D Mc4T
-J.j VSçN VE ttD

uDAVoW bEST

L

Fn o.

8

t ....._L._ Z_ 3-.----_a$-
-.

-_CLcE-FgT PP1NG MET Ob.1I -

._ LEWI SFMT.IotJ

M iT N1. ..TMSqfl0I.J



w w 

Q 

MCor4 Fr,=O.2. 

0.6 

RW il» 

1.40 

Fr, O.ZO 

2. 

4 
a 

- -- r r 
i.. 

RDIWAT 4D; 
I. r 

L.. w!.. -.i- LI 
i. .L.:.LJ1 ihLtT 

w - .. -w-... 

Q.-0 dE-PI1 MRPPIM& fr1.-à Ç.j-IT. 
.i. - .- L&w5. .TwFb2#TIQIJ : 

I R$rr'cE 1qj..j WAVE ,EpJDI MceiÑT_ 

0E 11.1.0 

- -. 
LEWIS. T + .. c-FI1 ME1-*-iot - 
FiK 

sPo,J TIOIJ.S Fo Ft G j9 t-lolla4S. 



- o.2o

I I

DINRT lo.

- :--

3:.og 2
H

. m b.-7' -
CLSE-FIr.MPPI&. MET.E. .. LEWgS WSTtoW

HL u- 4--- - FQAMK_CLoSE FTT MErfoI'

FIG 21 MoTIONS) AcDE1 POWER WRJe 94OI.1&JbWG1T
SGwI EtCANr WiVE UTZJDE

Nuria E
PER

t
SI-f ¡Pp

M14fr1# F= °.2o

O I Z

G) cL.5FiT ('1APP1tG Mcmoo -

..

F1Zi' CLg,ç_ F Il- 1Efl-bD

M IT IbRfrz T4I-JRMAT1ON

N SLPrig,jc

FiG. 22 NuriBEi' PEI HoCJR 0F 6HiPPlPJG

'ELjqT r0 Si JI1(CPNT WAV

-- --



1
Jt

I
A

N'

.1j

T1IT1 J.. ¡

5 ..io'.
Fi&2. cfloÑFL ,qbDE MSE

o.87. L

L + LEwIS TRANFrORt'1A
: JI L.oS METhoD.

A i"T EULS T1PPTOW

-.
I, . ,. r..CWT..fr PPtI'G. MTD

LEWIS TRJSFMAT0tJ
a 4K.CLE-FIr.MEHO
A .

1lT. UL.B FbIt'l T.J5Ft1,q71øW

rioiJ I

t1sE.j
L il I I

¡T ULfri PÑ

j .4
:1._i.

.c4cE. FST..MAPPIJ, ETIOD..
ór4



Ii .
i jii:rHThwTI. .IJ .L.

-L L
.-.J._._ ._LL..

j. iT j H:

.: PEÑI..LJGTH Fo CTO.L2O

- 'H

-a

L. i._ i1Oi(Wc._I.

4-

-- j.:

.L.

-r--
I ii .FT

- ---H ---'-:i:L_J ..........................._J_..............
I- ..- -- J, i.
j............ Mqpf.iw R!!E14ODL.......

Fe?%I4TIÓi
E)11 fr1tHo& -. ..........

.

i.

Lf
a

j

-0
-4-

D

j.-

f:.';i::;; iijIi1j iii ijii_j
I 4oIU)». eç'i.G

i.........

TLIZJT1C .C.RöWN ...

CLE- Fur MPPPI,!IG METHd ILE.wi$ TR'bc-rIotJF.iV .-im n-o'r La RM

L '

- i

''I

1

I.,. 1--- . +- --- .-IR
I- - ------j--o--- a- CLo

I- 1: .fT



Pp :s.Ì-..

j-4-.

S
LL!..

L

t5OÑ.

L__
I

I-

j
J

i,

]IJiT

I
JT

!1iL
i.:Ljhi.--._

LU)L
fi

'Z

.L:0
D D

!

I

L

;

J.

.c&-i'r
FtJi<
P1t..',CjL..S,

.1t-H- - - - - - I

- L - L

-
IL H

i
..... .... JAL

--

I

- i L L -

2 . . ..: .5 H lof. ..: L
I erIoI Ñ'ße I

:FF:27.. H M$I i

.

;- -

f.I

_! ¿

,_____ -

:
I

I

L -. . -

-i
:

..

. IIi,
{

1,,
i:

______

II'II'

Wá.=1.1..2
I J

.i.i
I:

o:-

:::_1_. 1.-.ï.._I
:. i

f1JI:..I...
I

o

-

I

-i---

--

.

1: .

i:

I._._:: ,.,..
I I ,-:.i,. .

Iwc; . M.ThoD,
."

i_ 1
I

';i !IIf .I.,1h , 4f.
) L _ _ _.

i

- I

i . I H
I ¿1 D i EAW< CE:_I Iti I-bD

I

- f-----. 1tit -
I

_ II

. .

; ,, .

I I

.

¡1U

I

I

I

'
.

f

I

:

fI
f.

___I__.___... _ -
I °II I I

I

I

L
Ij - j

I
I I

i

'IIH

II
I

I

I
t I

I

I I

I

I -
I J IT

rII I
I I

]_.L._ I

I

I

I

i I

L
I LI:,

I
L -- - I - r L I H-

I I I :111 'III.I, I

f

I .!j1fi.;i1Iiii
lUI Ii

I
I

':
I

I

-

oo

h

Ñ!.

L



fi Li J ¡H

SEcTk,t.J I ( -

'Ii'
it.

4.

o.
!i iIÑ

-

Iil.LlI
1---H -.j:1 T

I- .° - ¶- 1_ - T
.L

- -I- u-. ..L J ..! mr
Ia_
I

_l EcT oN I i L I L _I -U- L
fii

I I III I
if

_i_._.. .i .---- i I_.._i ¡

i
.

. H.. lt-. ,» 1Lwi
I- L u .,:H. - D

- - - - I j.
4i- IT /JL

i

- -- - - - ----------------------------------- I

L
I

.............. t - I.
. t J' :1' J L» .....i. ::.:! t

-a -- - - .1 +'A1iI - r -'-t - i
1+ ---r

I

I i o oo---- o I e i.

T

-
H

-I---

A A

gg0

A - t

4
I

-

I

_L1
-- H

q-I--L - t r

u

bit
I

¡I¡ FI2t. o5i.i ..H..H.ko-co-»i-A
_ -i .

- Ii
R:

I.t.t .5Ji±--i--

r----:------------------- .--- -- ------- --- --Ili_
¡

I,It, j.,. u I lt

I H- - --- - __Tii_ ----------

------------,----

-4.H 'H+-+-
- - - t .

I ..ut.t.._J .--'n.-I J
I

- H :------ . 0C6-F,T
:

.--
T .i

.t. - ¿.

-' I

:----
II.

-

u.

:1 -;;-
,

Mir
:---------------i .

----:

-

t-

H-
- . . (

i

i

Il
.

u i.....

H---------------
i

L

H
I - I_ J -

i- t I

- j
t ¡ ii I_1 I

I I
¡

...H.j.
t: -

---------

- H
-

I Ii:
._

-.4
:. I - . ¡ -, . i I - -

I LL I 4
- I_III l -

I Ii.,
i

I I L i -: I A t I

L.: ----------- I: L. ii
I

II W. .2---------
u

I:1.4.Lj._
-- li J - I

I
1tu II I IiiI iII A iti i

I ,i III. ,. i1I i .I I ,I' ti
- i :.[ :itIiiIijiIjI1tÊiIiI jii. I_:,.

u i I, ,I_t;i;t,jJiiikii.L -

ii H

UhWh't. j

oøo

2



-I

Tlc

I-:IT--

-I
I

I

..,

I

I

---

P

-

I

.o._.__

I

-

- -Ji. V.LtZ

i:'!

--I--

,
.

f

.

... ......

-
-

I

-.

!

11DmvtI?o.J

.

--
I

-

.................
......

1

-

-

...:...

j:.

q!I
I

r

r.

17

.........

..........

I

I

I

_j

:

I

.

).

HH..

I.

I....

i

DTo'yEF

j.,!

-.

-

]

1!!!i

I

.--

ti

I

i

I

i,--.
I

j

i._._

I
I

L

j

-

-

:

- .

i

I

..&.H

4

i

joe
l

.

'

I--.......
I
I

-

j

Ii

I-
J

.......
i

I

I

I

L

.

,
.

LEvMS

i

.L

I

IFPAÑW

L

1

,-.-...

...........

-.

.jj.

i

I

..

y1z4v4E:.I:bRIt_1ATI*J

I:

._..I

_L11JJ

CLoSruT'1EToD

'

I'_

IL

-. I

II7[j
LI.1

Iii II

i

L

Ii I
I I

I

-

I'

f

! j

-

j
4.

Lj ........
:iHH*:

!..iii!!I:i;..j

j i.i :I.EiG 3f I

'
DED wur LÑGm Fb1

I'' ÓI: ,._I:.;,SôLJi

.-7--

-

i
I

.j..

i'--i-

,.,
'

Sb

I

Ñ'
cec._

c._1'

-

,

i

,,

H."1

-u

-J

,

i

L .

"

, ,

tHD.;Ñ

-----

,

i

E-c.'-rl.otJj
i .

.

:

'j

YjThTifl
i

_I

L
,

I

7

,

,, ,

'

.- -
, ,

-j-

I

'

LJ_

t

j -

i

''

i

'

I

,

I,

J '

'

_

:

I1ij!1i
r

II!,IIIIIiI

i .----

-''!,

H

I

I

ii

1ji

I!j1 1ii!
r

I

I

.,

ti'
!f,:.

II

L

IIJ

I I

I

I

II 1I
I

Ij
1Iij

l i

:

j;,'i''I

:

'p.;-

i

A

L

i

F'1.jk
I

H :
I

CLoSE-Fir

_- _

-

.._
I

,

r

I

:

--
I

I

I1
I_

I i

i

I

:

i__L

-r

cLcFIr

I

i

I

'

4

.II
:i
]_

. ,'

'

-,.

f

M4RPN!.P1ETWoO.

_ijj

_j_I

LL.

' "
_

.

..T
M

,1!

'T

II

I

r

LrLT'

I_

I

III

I

jIj,

,.

I''

I...

L

.,

I

I''

s---

i

-
j ',1,

' :.

I

1

i I

':.''.'

_Jit

r

I

j

u

;i

I

I

.. _ .L__.

-'IiI'I_

'

I

I I'

i if
II

l
,' ii

1L
itII

1

i

IILi
iI
j
Fi

,1
j

I

I

'

-e-11F

_

I
__j -'r

-i--

'

-r

o

i'_ ,.

---
I

:

I

I

___,]

III

IjjLL
i

r 'I
. »-

;-'--ii..
J

' .i
III

j'',iit!I I'

i

i
'

I
i

' l'ri' . '
I

,'I1,,i:

I,r
i j

ji
I

,

I'iI
i ' I

A i IIjJIIIIII
I!Iiit!ir.IIIi1iJ

I
'

I

,

Irr1tIIii IJ

'' D'i

I

'r t

Lh11
I

!I'I,
j ,I

W:
'

r

!J.

ZJo,1i1'

'
r

I

k !Ir!r'
j

,

ji iiII I] III] O]']'''
hIIInIfdIIIIII;IIIÌ.IL

r!I1:Jß

I

ft ri

I

,1'' ':
#MP*G'

t

j ji!
rl t 'r UUI'

Pe LJNI-rJI.L
1fi

ÑcrI.1

Ii

Lit ';I'!i Ii;'i'!JiL..
EI

'

Ii lI



:4

2cco

,kco

1Ti!ii TTJI1I 1I1 1 tI!.
L 'DVDSot'L DES1'ol .L

I .1.! Iii...l.
,EcT%oÑ 4g

k
1I1r

PI4 fl4o]

4T

'T
I, .

-. - I- I

H

I

A
D

1-I, o
+ .4.

i.

j:

;.O.'» i !-4'
FIG. 5 -,qDD

,2. i.-.
now. 8

LI

2.5.

I.

_.:

- i

.

--

-

.:

-:

-
-I

-

1

--

-

.

. .

:

--

L

1 L

II

I

H

I

i

L:

_L_

:-.-*

:

i
i

.. I

I

I

i

:

i

I

I

8

;

_i

I

ti
i-

I

.

:-

-.J.

I

4.-
L

I
L

I

i

- .

i

_ ,

i

.

.

I1

I

I

:]

.

-

II
- -

-

I

.,,.'HIijp.::

I

. -

.:

Ti

II

A

-

I

I

III

A

I1.-4Ii]Ir

rJraT

Iî

I:,
L

I

ii

t

1
I

.

i

iIi__L_I
1hi!IhIIa

I

._+

I

I

:

i,
I-.,

4IIj

. .....

a:H

.

I

+_i_

---r.

I

II'
.

I

a
o11

:_

i1T

I

i

-

CLoSE-FIT

.

: -

i

-

LEWlS.TAt.JøR
B1JL

I

i

!

i

i

t

.:-
-.....

.I.

-i
--i-

I

MPciw&

Fo

T

F-

JI

,N1,qT.

I

,.

II;

-f:-

ii
I

:

, .

'METot
I'.JI

.

_i

O

--

I

I

-I

I

-

-
I

:I
I

I

L :

-

L.F 1.II j.
IJGI

.11
R Gri-1 [o

I ----------EroÑLI
.L.
I

I

ITI L J CLcSE.F%T

I . !1rr iLP
0AI<

AA:,
. 4H4I

- .

II
1.5 .

PER UÑ11 LEÑGT'-I; FbR

t
N'

o:



A.

n.

¡0

1... tor.J - DESfl,Ç'
SECTION 4

t.

I_S I 2.oFIG. .S....ADbD MqSS P ¿jNrr LEÑGTH ec'rioÑ 1g..

B 'ITJ I-l1iøttú)iMpIw

- -------L.. . ....
CLoSE-ElTiMqppt

-

C- ..A

.. . .tl___

..tL

C LO..FI r.PP It4G ..MThoL
- LEwIE T1ZiÑ FaW 1.Wfl JPi?iK fIT riEmoc,......

5-- :.,........
ir "LEÑm Fo EckJ .I

.2.5....

Mrr tJL PoR1-1 Fb1'M.qTs oij



TECHNISCH E HOGESC'HOOL DELFT
AFDELING DER SCHEEPSBOUW- EN SCHEEPVAARTKUNDE

LABORATORIUM VOOR SCHEEPSHYDROMECHANICA

Rapport No. 44.5

I

THE INFLUENCE OF FIN KEEL SWEEP-BACK

ON THE PERFORMANCE OF. SAILING YACHTS

Symposium Yacht Architecture HISWA 1975

W.Beukeiman and J..A.Keuning.

november 1975

SYMPOSIUM

YACHT
ARCHIIECIORE

I
Deift University of Technology
Ship Hydromechanics Laboratory
MekeIweg 2. . -.

DeUt. 2208
Netherlands



THE INFLUENCE OF FIÑ }EL SWEEP-BACK ON

THE PERFORMANCE OF SAILING YACHTS

by

W, BEUICELMAN AND J . A. KEUNING

DeÏft University of Technology

Shipbuilding Laboratory

ABSTRACT

On a model of a sailing yacht, fin keels with sweep-hack angles of 0, 20,

1O and 60 degrees. have been investigated to determine the influence of the

mentioned parameters on the performance. Two aspects ratiös have been con-

sidered and for each aspect ratio series, the areas of the keels remained

constant.

The performance has been determined from towing test results using the

well-known Gimcrack-sail force, coefficients..

Results of an analysis with respect to lift and induced drag are presented.

Side force measurements in upright and heeled conditions have been coin-

pared with tLequivaient keel" calculations.

An empirical method is proposed to determine the position of the centre

of effort in the horizontal and vêiticaì direction,.
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1. INTRODUCTION
z,

Systematic investigations concerning the influence of fin keel sweep-.

back in. connection' with aiiing performance are. scarce. An experimental

study was presented by De Saix[1] for sweep-back angles of C, 25 and

50 degrees and a variation in aspect ratio from 0.5 to 1.52. All keels

had the same lateral area and t'he same taper ratio. 0ptimu. sweep

angles, dependent on aspect ratio, had been determined.

Later, routine windward tests had been carried out for these optimum

keels from which higher aspect ratio keels'appeared to 'be more

favourable.

An experimental and. theoretical study on isòiated f in keels was carried

out by Herreshoff and Kerwi'n and had been .reported in 23. Lifting

surface. calbulations, according t the concept of an "equivalent keei"

had been undertaken to compare the performance of different ieel pian

forms.

Induced drag was sho 'to.incres'e by ab'oüt 1% and lift slope was

reduced by about 8% 'as the weèp angle wa incr.eased up to 51°. Ail

of these keels had been investigated in the upright position and the

keel-hull interaction had. not been taken into account.

Wind tunnel tests carried out by Mac Laverty[3]on a double model of

a 5.5 m yacht for keels from 30 - 650 sweep-back showed a decrease in

drag with increase of sweep-hack for a given side force.

Contrary to this result has been the conclusion of th report of the

Advisory Committee for Yacht Research of the University of Southampton

[]which stated, that increase of sweep-back causes an increase of

induced drag for a given side force.

For the present investigation performance tests were carried out on

a model of the sailing yacht "Spirit 28". Keels had been fitted with

sweep-back angles of 0, 20, I0 arid, 6o degrees 'for two' aspect ratios

of 0.914 and 1.20 to determine the influence of these parameters..

In addition the experiments were extended to include tests on the.

bare, model-hull with and without rudder,. These. results were not

included. .in the present report.

The series of experiments consisted òf' three parts viz.:

1. tests without heel and. leeway' to determine the upright resis-

tance, and to determine downwind performance.

9.
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2. tests in the upright condition with leeway, to determine side

force production and induced drag.

3:. test with 10, 20 and O degree heel with leeway to determine

heeled side force production and resistance and to calculate

close-hauled performance.

The windward performance had been calculated' with the normai, Gimcrack

sail coefficient's.

Extended analysis of. the experiments had been carried out to find out

whether a tendency could be established in' the lift. and. drag induction,.

with respect to sweep-back and' aspect ratio.

To a certain extent hull influence had always been included in the

results.

The measurements of the side force for 'both the upright and heeled

conditions were' compared with the results of calculations according

to the "equivalent keel" procedure as presented by G'erritsma in [5 6].
Some corrections derived from the measurement's have been proposed

for the calculation of 'the centre of effort of the side force in

horizontal and vertical directions both for the upright and heeled

conditions.. -

2. EXPERIMENTS

2.1 Ship-, 'keel- and'sai'l. data

The main particulars of the sailing yacht have' been presented in

table i 'and the hull-form is" shown 'in figure i,

The keels have been investigated for' two geòmetric aspect ratios

viz.: ag 0.914 and ag = 1.20. The definiion of geometric and'

effective aspect ratio as. used' in this paper is also presented

in figure 1 and in the nomenclature (chapter 9').,

For one aspect ratio the keels have had the same lateral area,

taper ratio.. '(A = 1) and section piofi'le NACA 632 - 015 derived

from [7].

The keels have been fitted to the hull in such a way that for

the aspect ratio ag 0.914 the theoretical centre of effort of

the effective keel (i.e.. the keel extended to the waterline)

fl'\ remained at the same point as shown in figure 1.

With the deeper keels this, centre of rotation has been kept at

t'he same position,, which means not at the assumed centre of



effort foi- these keels.

The centre of effort is initially approximated to .be on the

quarter chord at a distance of 3% of the total draught below the

waterline,.

The height of the centre of gravily remained the same. for all.

-modeìs. The applied sai], data have also ben. presented in table - 1.

Table 'I.

Ship Data name : Spirit 8'

Model scále 1:14.5. designer .: E.G. v.d. Stadt

Description Symbol. Unit Quantity

Length over all . .L
' m 8.14e

Length on test waterline WL m 6.90
Maximum breadth. '

. B1 in ' '

Hull draught. TH m :0.141

Total draught ( effective

keel span) T

Hull displacement

Total, displacement

Length centre of buoyancy

of hull before MWL LH
Hull prismatic coefficient

Centre of gravity under L!WL

Efféctive sail. 'area beating

Effective sail area down 'wind

'Effective centre of effort

beating above 1'TWL

Keel span

Keel chord
. CK

Geometric aspect ratio keel ag.

Keel sw.éep-back angle Ak
Rudder span

gR

Average, rudder chOrd
.

'

Geometric. aspect. ratio of rudder a

Rudder sweep-b' ack angle AR

in

kg

kg

m

1.55-1.87

25147

2719-2763

-0.29

0.579

O .010

.27.8

11.1

14.68

1.1.14_1.146

1 .

0.914_i .20.

degree.. 0-20-14060

in 1.03.

m 0.145

2.:29

degree 8.25

1'l

in

m
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2.2 Upright condition . .

At first the upright resistance without heel and leeway hs been

measured for the models with the different keels. For the lower

apect ratio, the differences in this upright resistanc appear to

be negligible, but for the keels vih the higher aspect ratio

(ag = 1.20) 'the resistance"has decreased with the increase of

sweep-back angle above AK = 300 to AK = 6o by about 5%. The resis-.

tance curves are shown in figure 2.

Afterwards the side force and resistance have be.er determined in

the upright position of the model with leeway for two speeds viz.;

Fn = 0.20 and 0.35. .

The side force 'is shown,in figure 3 for each aspect ratio in

relation to the sweep-ack angle A. The side force is expressed. in

non dimensional form:

Y
YB

= pv2i.Lß

in which:

= cos $ = .hydrodynainic. side force

p = mass density of water

V = s.peedL>r,
«2

1-rw= length on test waterline.

ß = angle of leeway in. radians..

Also in figure 3., the vertical and horizontal position of 'the ícefltre

of effort of t'he side force for the diíferent keels is shown' as

actually measured..

These positions have been presented 'as a percentage of t'he at'er-

line léngth with respect to the middle'of the test waterline ('IvWL

(forward is positive)' and as a percentage of the maximum draught

with respect to the watexline respectively.

For further analysis relative to induced drag and lift, see chapter

2.3 Heeling condition

'For heeling angles of 10, 20 and 30 degrees a minimum number of

three angles of leeway and three speeds have .been' considered to

determine t'he resistance and side force and, finally, the close

hauled performance as described in chapter 3..

i'
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The side force and the poition' of the centre of effort in the

heeling condition., derived from the measurements, have been shown
in figure 14 in the sanie way as described for the upright position

in, chapter .2.2.

The results are presented. for the condit.iona in table 2.

Table 2

The figures '5 and 6. show the wa'e pattern of the model with a keel

sweep-back angle of O and 60 degrees and for heeling angles of 10,,

20 and 30 degrees for the cases of normai leeway and without. lee-

way.

For the last condition the model was artificially hèeled the

predetermined angle The'photgra.ph:s .are reiatd to the higher -

aspect ratio 's:er.i'es 'only'.

It is óbviou from-these, pictures that the wave amplitude due to

heel is' strongly dependent on the keel ioádng and increases signi-

ficantly with heel,, and decreases wxt'h sveep-back'

3. PERFORMANCE CALCULATION

The performance 'in running conditions for the ship with different

keels., is shown in figure 7..

As the sail area remains constant for the two aspect ratios', it can

be seen that the ships with the higher aspect ratio have a lower

down-wind performance because of the resistance increase due to the

larger lateral keel area.. This is to be. expected'. The difference in

speed between both aspec.t ratis appears to .be smaller for keels

with corresponding high sweep-back, which is due to the lower

upright resistance for the keels with higher aspect ratio and high.

sweep-back.

The optimum windward performance has been determind from the. test

results in the usual way with the normal Gimcrack sail coefficients.

13

Heeling angle Speed

rn/sec

10 'LO

20 1.2

.30
. 1.3
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When considering, the aspect ratio as a constant, figure 8 shows that

the speed-made-good is almost the same for ail sweep-back 'angles

considered.

There is an exception, however,, with, strong winds and a high aspect

ratio. For 'this case the keels with high sweep-back angles look

attractive.

A disadvantage, however, is the high angle of leeway. The leeway

angle appears to increase rather rapidly for tbe keels with maximum

sweep-back angle,, as shown in figure 9 fOr' true winds of 3.5, 7 and

io rn/sec.

The. speeds-made-good, as a result of the windward performance cal-

culations, are shown in figuré 8' This was done on the basis of

sweep-angle for the. true winds previously mentioned..

i. ANALYSIS OF' EXPERIMENTS

For this analysis., induced drag D is characterized by the drag

increase above the resistance measured in. an upright condition withput

heel and' leeway. It shouìd'be remembered,.that. this upright.'resistanc,.e

is not the' saine för. all keels., but reduced for keels. with the higher

aspect ratio'and high sweep-back. This infiuence.is not'inclided in,

the induced drag., while on the other hand the r.esistance,variation

with respect to the upright resist.ance is 'included.. This' arises

from alt'eration.in the wave pat.t'er.nof hull and, keel-due to leeway

and heel..

.The lift' and induced drag coefficient are defined as follows':

r,'
'-'D1 - .1 2

.pV Ap

L

3P.V2AT

in which:

L = Y = hydrodynainic side force

AT = the lateral area of the equivalent keei and

rudder (' beK CK + beR R),which means the

keel and rudder extended to the. waterline..

(2)



For the différent keels and each aspect. ratio., the induced dr.g coeffi-

cient versus the lift coefficient, is presented in figure. 10 for the

upright condition.

Figure 11 shows that for the heeling condition and speed 'as denoted

in table 2 of chapter 2.3.

The lift, coefficient versus leeway is shown for the same conditions
in fig,. 12,. 13, 'l and 15

For a given lift coefficient in the upright conditiön and for lift

force values in. the hee'a Ing condition neal' 'the. optimum speed-made-good.,

the total resistance. and induced drag on the basis of sweep-back

angle are shown in figure 16 respectively. Also combinations .of heeling

angle and speed as denöted in table 2 are presented fOr this case.

'5. CALCULATION OF SIDE 'FORCE

Side force calcu]tions have been carried out by means of the "equiva

len keel" procedure. as introducéd by G'erritsma in [.5, 6j. The keel

and rudder are consideed to be extended t,o the waterline, while' the

presence of 'the hull is assumed to be replaced by the extended part .

of keel and by the extended part of the rudder, if this does' not

intersect the water surface already. As a resuzn, the procedure,

including the proposed correction's, is' described briefÏy here-after.

To determine the. slope of the lift curve use has been made of the

expression according to Whicker and Féhiner n [8j.:

in which:

a CLK, R

3K ,R

5.7 ae

1.8 + cos/t"i
aeK

'R
+11

C.S' AK,R

K,R '=. index for keel or rudder

CLKR lift co.éfficient

= angle of incidénce in radians

= effective aspect ratio.

= sweep-back angle bf qtirt'eì chord line.

(3)

15
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r'

For keels. and for a rudder not .interscting the waterline,' the aspect

ratio is taken as:

beKR = span or draught of' effective keel 'or

rudder

chord length.

if the rudder does intersect t'he water surface the aspect ratio

may be chosen as: '

1.6 heR

in which :

VK R= watervelocity at keel. or rudder

lateral .area of, keel . rudder 'beC' resp.' bècR)

The waterve]íocity at the keel ay be set equal to the ship speed, and so

V =VKs

while this velocity at t'he rudder is estimated as :

vo.8v
R s

The angle of incidence for the keel may be put equal to the leeway

angle,so

K_ß (9)

while the angle of incidence for the rudder after correction for

"side-wash" of the keel, can be estimated as

aeKR

with:

aeR
CR

'For small angles of incidence, the side force of a keel or rudder

may be estimated from':

2 beK,R

CK,R

¼,R = p V,1 AK,R

(5)

(6)
a CLKR

a K,R
,K,R

(T)

(8)
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If the situation of the centre of effort for keel and rudder is

known,, it is: possible to determine the situation of the centreof

effort for the total side force in horizontal and vertical direction

respectively from

LK 'XYK +
. R

L

LK ZyK + 1R
Zy

L

in which :

L=LK+LRthe total side force

the horizontal distance of the centre of effort

of keel or' rudder from the middle of the test

waterline (positive in forward diréction)

Zy. = the vertical, distance of the centre. of' ffort

of keel or rudder from the test waterline

(.positive upwards).

For a spanwise elliptical loading,, it is assuned,. that the centre of

effort is situated on' the quarter chord 'ine at 13% of the effective

span below the wtérline. It appears., however, that particularly for

the horizontal direction, the centre of effort, calculated in this

way,, shows a rather large deviation from the measurements on the model

with keel and rudder. This is a consequence of hull and speed influence.

A regressiön analysis has 'been thade from the exper:imental results and

lads to the following preliminary proposals forthe horizontal and

vertical situ,tiofl of the centre of effort.

For the keel the vertical distance of the centre of' effort as artiö

to the efiective span should be chosen on the quarter chord liné 'as

ZYK/bek -. '0.50
0. 1 (12.)

ag



in which'. ag= the geometric aspect ratio of the keel.

The horizontal distance of the centre of effort, defined off the middle,

of the testwaterline (MWL) is related to the length of this waterline.

Calculated' as shown above vith x'y/LT and corrected for speed huÏ]i

influenee and heeiiñg angle this relative distanàe may be estimated as:

in which

LL length on the test waterline

Fn= ' Froude number

AK sweep-back angle of keel

.4) = heeling angle..

¿2 The calculated results are shown in figure 3 and 4' both för the upright

and heeled condition and are presented in the. saine way as described

in chaper 2.2. for the experimental re.silts oì:te .understan.ing

that:

L=Y=FH cos 4) ' (i1)

The proposed corrections are only, a first step because' more extended..

statistical investigations are needed: for different »hulls and keels to

Òbtain more reliable results. .

6. DISCUSSION

To obtain a clear' judgement atout the t'est results', the following

aspects are taken 'into consideration

1. induced drag and total resistance for a givén lift

2, induced drag and lift, for a'given angle of leeway

3.. sailing performance

. ca]culation of the side force.

xy/Lç xty/LL + O..425
Fn cos itK(1-sin+)2 (13)

agK



For comparison, the results with respect to the total resistance or

fnduced drag and the resulting speeds of the. sailing perfòrmance, it

should be remembered, that the total resistance or induced drag

is more sensitive than the speed.

For the upright condition without heel and leeway, it is clear

from figure 2 that the differences in resistance. are small for the

lower aspect ratio, while for the higher aspect ratio the resistance

is reduced by about 5% for a sweep-back angle of O to 60 degrees.

This phenomenon has an important influence on the final results, as

vil], be shown later.

6.1.Induced drag and total resistance for a given lift

6.. 1. 1. Upright condition

It is evident from the. results shown in figure 10 , that for the

upright condition with leeway., the ±duc,ed: drag is increasing

with sweep-baòk angle. for a given side force.. This tendency is

in agreementith L21and[J . The percentage of increase is

dependent on the value of the lift fôrce, but generally far

more than t% of' that calculated by Herreshoff and Kerwin in

For a certain lift coefficient e.g, C=0.O5 with respect to the

higher aspect ratio, the total drag increases with sweep-back angle

of O up to 60 degrees by abOut 6%. For this aspect ratio, especially,,

one should remember that the upright resistance without leeway reduces

by about 5% for a sweep-back angle of O, to 60 degrees. It should be

remarked from figure 1 that increase. of induced drag with sweeD-

back angle is most clearly demonstrated for the higher aspect ratio

and the lowest speed in the case of the upright position. Furt'her

the influence of the keel wave may be expected to increase with speed

and to decrease with aspect ratio.

6.1.2., Heeling condition

The relation between induced drag and sweep-back angle,1 as found for

the upright position, changes a great deal under heel. This may also

'be caused by the behaviour of the keel wave .:. the. amplitude of this

wave, increases with heel and decreases with sweep-back angle as

remarked in chapter 2.3;. This phenomenon appears to be a dominant

factor for the induced drag,and conseqúentiy,, for the total resistance.
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Foi- the higher aspect ratio and the smallest heeling angle:, the tendency

is the same as that for the upright position

induced drag increases with sweepback angle for a given side iorce.

It is easily understood that for this case the influence of the' keel

wave is rather small. For the other heeling angles with higher aspect

ratio and for ail heeling angles with the lower aspect ratio, it is

possible to indicate' a minimum value of the induced drag, with respect

to the sweep-back angle for a given side force as shown in figure 16.

The same procedure can be used to determine the minimum total resistance

relative to sweep-back angle.. For the considered lift coefficients,

where values have been chosen near those of the optimuii speeds-made-

good,, the minimum total resistance. is mostly found at sweep-back

angles of 140-50 degrees. It should be emphasized that for the

determination of' the optimum sweep-back angle Qn a. basis of the.

minimum total resistance., also te leeway angle. should be taken into

consideration. The performance calculations in chapter 3 and figure 9

show that the variation in leeway is very small for sweep-back angles

of up to 145 degrees which can be regarded favourably.

6.2. Induced drag and lift for a given angle of. leeway

Both for the upright and heeled condition, it is clear frOm the figures

12-15 that induced drag, as well as sideforce, is decreasing with

sweep-back angle for a given angle' of leeway. From this relation, it

follows that. side: force. production:as well as . induced, drag may 'he

expected to be maximum for: a sveepback angle of zero degree. The

reduction of the side force production for a certain' angle of leeway

i is both for the upright andheeledcondition clearly shown m'figure

3 anf 14. it is surprising that for a sweep-back angle of 20 degrees

a rather strong reduction of the side force production has bee.n

observed, which perhaps might be due to an unfavourable interference

of the keel and hull wave.

6.3:. Sailing perfOrmance

With .respect to the results of the performance calculations, it can be

shown from figure .7 that the down-wind speed with the lower aspect ratio

keel is almost equal for all sweep-back angles., while for the higher

aspect ratio keel, the maximum szeep-back angle' appears to be the

most favourable.



This fact is due to the reduced upright resistance for this case as.

previously mentioned. The lower speed with the higher aspect ratio

in comparison to the lower ratio, is of course caused by the higher

frictional resistance. due to the larger keel area. The results

of the windward performance calculations are shown in figure 8.

it is again clear, that the higher aspect ratio keels deliver lower

speeds-made - good than the lower aspect ratio keels bec&use of the

higher frictional resistance..

Nevertheless,, it. is noteworthy that for moderate winds., the differeñces

between the speed -made-good values, obtained with both aspect ratios

are almost negligible as shown in figure 8 and 9,

This fact might denote that an. increase of aspect ratio with equal'

keel area, within certain limits seems favouràble for moderate winds

(+ 7 rn/see).

For strong winds the high sweep-back. angle seems to be advantageous,

especiaÏl,for the higher aspect ratio keel. This gáin in speed-

made-good is also mainly due to the reduction of the upright

resistance for the high swée-back angie.

It should,, however,, be kept in mind that the leeway angle, which

appears to increase rather significantly by about one degree for

the maximum sweep-back angle (figure 9),, is not' accounted for

sufficiently in the usui calculation procedure of the speed-made-

good,. In 'practice, it generally holds that the smaller leeway the

more a vessel cn be sailed close to windward.

6... calculation of the side force

The calculated. values of the side force production for each angle of'

leeway agree verywell with the measurements even for the heeling

condition as shown in' figure 3 and L. The. centre. of effort shifts

backwards ±n horizontal direction with the. increase of 'the sweep-

back angle and appears. to. 'be 'affected strongly by speed., 'heeling angle

and aspect ratio. For this reason, these parametersare accounted for

in the proposed correction.. In the vertical direction,, the .centre of'

effort remains almost constant and is mainly dependent on the aspect

ratio. The' proposed correction 'for the vertical pos:ition of the centre

of effort is related especially to 'the upright condition.
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The measurements for the heeling conditiOn show a rather large dispersion

with again remarkably exceptional values for seep-back angles of 20

degrees..

The proposed corrections have a preliminary character becauSe they

are, probably, related strongly to the hull form considered.

T. CONCLUSIONS

The upright resistance has proved to be almost independent of sweep-

back angle for an aspect ratio of O.9h, while a reduction of about 5%

is found for an aspect ratio of 1 . 20 at. a sweep-back angle of 60

degrees.. The tendency that induced drag increases with sweep-back

for a givenlift in the upright condition, was shown not to te vali.d

under heel. This was caused by the significant influence of the inter-

ference ofkeel andhull wave dependence.on sweep-iack angle.. This

important surface influence should flotb disregarded for keel design.

Under heel, at optimum sailing conditions, the minimum total resistance

has been observed at sweep-back angles of 4Q5Ø degrees. Side force

production and induced drag decrease with sweep-back if the same angle

of leeway is considered; This holds.tr.uefor:.both the uprightand

heeled condition. For 20 degrees sweep-back angle, a strong reduction

in side: force has been observed. Performance calculations show that

leeway proves to be nearly constanti.dth aspect ratio for.all angles

of sweep-back. An exceptional increase .of about one .degree has been

found for a sweep-back angle of 60 degrees. The leeway angle should be

accounted for more satisfactorily in the windward performance

calculation. But negleting this imperfection., the results of the

usual windward pErformance calculation lead to high aspect ratio keels

for moderate winds while highly swept back for strong wind..

The centre df effort In a horizontal direction shiftS backwards with

sweep-back angle and is greatly dependent on speed, heeling angle and

aspect ratio. The centre of effort in a vertical direction with

aspect ratio is rather constant with the exception of 20 degrees.

sweep-back angle. In conclusion, calculated values according to- the

"equivalent keel" procedure appear to be in gopd agreement with the

measurements for the side force, whereas the proposed calculation

of the position of' the centre of ef'fört needs further investigation.
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9. NONCLATURE

Symbol description unit

A lateral area

AbeKCK+beRCR ' total lateral area of efféctive

keel and rudder

aeK = beK/c = aspect ratio of effective keel 'i . éa
K

keel extended to the test waterline

aeR = beH/e aspect ratio of effeclive rudder i.e.

rudder extended to the test waterline

ag bg/ = geometric aspct ratio of'keel

ag = bg , = georntri'c aspeòt ratio of' ruddex
R R,cR

B beam

span of effective kel i.e. k:el

extended t'o te t'est waterline in

= span of' effective rudder i.e. rudder

extended -to the test waterline in

span of keel from tip chord to

root chord at the hull, m

= span of' rudder Ufltil: t'he 'hull, in

= induced drag coefficient

C:.E. =
- centre of-effort

L
'C = lilt coefficient
L

3PV2AT -
-

= chord of keel ' rn

CR chord of rudder rn

induced drag, k-g

FR sail force kg

Fn=\/r.L Froude number

g = acceleration df gravity rn/sec

H' hull as 'a subscript

K = keel as a subscript

L = ship lengt'h,lift
' m, kg

LCBH = position of centre of buoyancr of hull

in length with respect to MWL

beK

bg

D.

C
Di

PV2AT

2' -

m

2



Symbol description unit.

.LÖA = length over all m

LL '= length on test waterline m

'MWL, = middle of test waterliné

R = re±sance; rudder as a subscript kg

HT = botal reSiStancé for. ship kg

HT = total resistance for model
. kg

T draught in.

VV5 ship speed m'/ec

speed down wind or speed

in running condition
. rn/sec

VMG=Vcos(8+8) speed-made-good to windward rn/sec

Vm .
modelspeed rn/sec.

VTW

Xy

Y
YYB =

cx

B

B

À

p

A

true wind speed - m/séc

= horizontal distance of centre of

-effort from ÑWt (positie. forward) m

hydroynàrnic side force kg

= dimensionless side force Der22 -pVL B
TWL. angle o-f leeway

vertical distance of centre of

effòrt from the waterline (positive

upwards)
. in

= angle' of incidence ,dgrees/radians

= angle of leeway
. degrees/radians

ngìe between coursé and true wind degrees:

= taper ratio

= leeling angle degrees

mass. density of fluid kg sec Im

= sweep-back' angle of quarter

chord line .
' egrees
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li. LIST OF FIGURES.

Figure 1 Hull fori and keel configuration.
Figure 2a : Upright resistance ag 0.914.

2b. Upright resistance ag 1.20.

Figure 3 : Side force production and centre of effort

for the upright condition.
Figure '14' : Side force production and centre of effort

for the heeled condition.

Fi.gure 5 : Phoographs of the wave pattern un4er heel

with and without leeway for a sweep-back

angle A =

Figure 6 : Photographs of the wave pattern under heel

with and without leeway for a sweep-hack

angle A = 600.

Figure 7 : Down-wind performance.

Figure 8a : Windward performance.

8h : Speed-made-good versus sweeD-back angle.

Figure 9 : Leeway at optimum speed-made-good.

Figure lOa, 10h Induced drag- versus lift coefficient for

the upright condition.

Figu1ê lia, lib,,

lic : Induced drg- versus lift coefficient for

the heeled condition.

Figure 'i2a, 'i2b : Induced drag- and lift coefficient versus

leeway for the uprjght condition..

''Figure 1:3 :' induced drag- and lift coefficient versus

leeway for F 10°.,

Figure 114 : induced drag- and lift coefficient versus

leeway for = 20°.

Figure 15 Induced drag- and lift coefficient versus

leeway for = 300.

Figure 16a, 16h,,

i6c : Induced drag and total resistance for a

given side force.
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VARIATION OF PARAMETERS DETERMINING SEAKEEPING

by

W. Beukelman and A. Huijser S)

Summary

With the computerprograni "Trial" calculations have been carried out to determine the seakeepingqualities in
head waves of systematically varied ship forms.

These ships were derived from the well-known "Todd-60" series.
The following varied parameters show in succession of importance the influence on ship motions etc.: ship-

length, speed, forebody section shape, block coefficient, position of the centre of buoyancy in length, radius of
inertia. Pitch especially decreases with ship-length, while heave increases with speed. For V-shaped forebodies the
heaving motion is strongly reduced, while there is an advantage in added resistance up to a certain ship length,
which depends on speed and sea-condition. Above this length a small profit for U-shaped sections has been estab-
lished with respect to the added resistance in waves.

1. Introduction

The purpose of this investigation is to obtain data
about the influence of the variation of different para
meters on the behaviour of a ship in a seaway of pure
head waves. This insight might be of interest, for the
designer in an early stage ofthe design. In former times
mostly U-shaped sections were used, but at the present
time the choice between U- or V-form sections be-
comes more and more of interest.

is the intention to share in this question with
respect to the seakeeping qualities of a ship.

The behaviour of a ship in a seaway is determined
by:

1. the main ship dimensions, especially the length
2. the ship-speed
3., the ship-form

the weight distribution
the sea-condition.

Starting from a iven seaway it is essential to inves-
tigate the, influence of each of the mentioned paÈa-
meters on the behaviour.

For restriction and simplification the influeñce of
the main-dimensions1 ship form and -speed is deter-
mined for one weight distribution only, while on the
other hand the influence of the weight distributión
has been investigated for one ship equal in form and
main dimensions

Generally the behaviour of a ship in a seaway may
be distinguished in::

I. the ship motions inclusive vertical accelerations
2. the added resistance in waves combined with

propulsion and eventually speed reductiOn
3. the relative motions with included deck wetness

and slamming
4. the load of the ship construction.

*) Detti University of Technology, Ship Hydromechanics Laboratoiy,
Detti, The Netherlands.

The propulsion characteristics dependent on the'sus-
'tamed sea-speed for the investigated series of ships
will be considered separately in the near future. In this
treatise only head waves will be taken into account,
while the. load of the ship construction has not been
taken into consideration. Therefore in this case the fol-
lowing characteristics will be determined:

the heaving and pitching motion
theadded resistance in waves.
the vertical acceleration at FPP
the relative motion at FPP
the probability of occurrence of slamming at
FPP.

The' computer-program "TRIAL" is suitable to cal-
culate the above meñtioned characteristics for the re-
qiiired ships' and sea-coñditions.

In the past several experiments have been carried
out to investigate the influence of some of the para-
meters considered. Lewis [1) published in 1955 results
of experiments with two 'models of the Series Sixty

(CB 0.60) having the same afterbody, while the fore-
body of the second model was changed into an ex-
treme V-form. With regard to the motions the V-bow
was preferred except for very short waves, while oñ' the
other hand with respect to the added resistance in
waves U-shaped sections showed on advantage for
waves smaller than 1.25 times the ship length.

More extended experiments with the Series Sixty
(Ç = 0.60) were carried out by Swaan and Vossers
(1961) 121.

The main variation tested was the forebody section
shape. Four models were tested inclusive the origlnal
Series Sixty model, which was considered to present
U-shaped sections in the fOrebody 'For the other
models the sectiOn shape in the forebody had been
varied until extreme V-form. lt was 'concluded from
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these experiments, that as regards motions, V-shaped
sections are advantageous, especially in waves longer
than the ship (i.e. for small ships). U-shaped sections,
however, appeared to be more favourable as regards
wetness, speed loss, bending moments and on some
occasions slamming. For long ships, where no advan-
tage was to be expected from using V-shaped sections,
a moderate U-form was recommended.

Extended tests are carried out in regular head waves
by Bengtsson [3] with four models having a block co-
efficient CB O.65 and with three models having a
blockcoefficient CB 0.794. For each of these model-
families the afterbodles were identical, while the fore-
body section varied from U- to V-form It appeared
that the motions for models with V-shaped forebodies
showed minimum amplitudes in an idealized head ir-
regular sea. With respect to resistance and propulsion
the models with V-shaped forebody showed advantages
in waves longer than the model. For shorter waves and
still water the U-shaped sections proved to be more
favourable in the model' family with CB = 0.794, while
the trend for the family with C = 0.675 was not clear
in this respect.

Additional tests performed by Bengtsson [4] with
three models (CB = 0.675) at ballast draught generally.
confirmed the results at, the full load draught. Other
experiments performed 'by Swaan [5] showed, that
a reduction of motions in head'waves. can be achieved
by a high lengthdraft ratio, while .a low length-draft
ratio should be more advantageous. with'respect to the
power increase in waves. Experiments of Swaan and
Rijken [6], related to the influence of the longitudinal
weight distribution lead to the conclusion, that a de-

'crease of the longitudinal moment of inertia has a fa-
vourable effect on the speed loss, but caused an in-
crease of the vertical accelerations of the bow.

Theoretical calculations have been used by Ewing
[7) to study the effect of speed, forebody shape, ship
length and weight distribution on the ship motions
for four models derived from the Séries Sixty hull
form with CB = 0.70. It was concluded from this in-
vestigation, that smaller motions were obtained by
V-shaped forebody sections, a decrease of the radius
of gyration and by moving the LCG aft.

Yourkov varied in his study [8) the forebody sec-
tions of each of the Series Sixty models with block-
coefficients CB = 0.60, 0.70 and 0.80 from U- to V-
shape. The models with V-shaped forebody appeared
to have advantage in heave for all waves while pitch
decreased in long waves and increased in short waves.
The present study of the authors may be considered
to be an extensión of the work of Ewing [7] and
Yourkov [81 by introducing more ship-form variables
in the input and the added resistance in waves in the
output.

Furthermore it 'is valuable to refer to thetheoretical
evaluation of the seakeeping performance in head
waves of 72 hull forms from extended Series Sixty by
Loukakis et al in [9)'. These results are presented in
tabular form as a function of the principal characteris-
tics of the ship, Froude number and seaway.

2. Shipform-family

To obtain the shipform family for the present in-
vestigation use has been made of the series of Yourkov
[8] . This means that in principle for each model of the
Series Sixty model with blochcoefficient C 0.60,
0.70 and 0.80 two forebody sections with UV- and'V-
form have been designed. The original models of the
Series Sixty are considered to have U-shaped sections
in the forebody. All nine models had the same length-
beam ratio LIB 7, length-draught ratio LIT i 7.5

and the same midship-section coefficient CM (ß)
0.976. For each blockcoefuïcient the afterbodies were
identical as well as the sectional area curve for the
whole model and the positionof.the centre of buoyan-
cy 'in length (LCB). To obtain the' different sectional.
shapes in the forebody the vertical prismatic coef-
ficient had to be changed. To have, a 'free choice in
blockcoefficient, section shape, LCB and to obtain ex-
changeable force- and' afterbodies, it was necessary to
change 'the midship section and the .sections near the
midship. The new midship section, coefficient became
now CM = 0.9814. Moreover it.was obligatory to add
a new afterbody fuller than that of the blockcoef-
ficient CB = 0.80 and to improve the original lines to
be able to maintain for that model the right values of
blockcoefficient and LCB.

Afterwards a new computerprogram has been writ-
ten analog to a system as developed by Versluis [10)
for the so called "Guldhammer Shipforms". With the
aid of this program it was possible to interpolate be-
tween the four afterbody shipforms and the nine fore-
body shipforms, which were stored in the memory of
the program. This interpolation took place on basis of
the required blockcoefficient, LCB and sectional shape
under the supposition, that the relation between the
blockcoefficient of the fore- and afterbody was similar
as that given by the "Combination-Diagram" of "Guld-
hammer" in [10).

The output of the computer program delivered a
body plan as shown in Figure 1 and Figure 2. One
should of course keep in mind that for a variation of
LCB a slight alteration of the fore- and aftership, ac-
cording to the trend of respectively the required sec-
tion shape and the original Series Sixty shape, was
necessary.

Figure 1 shows the body plans for CB = 0.60 (LCB
at 2 of L aft L121 and for C.. = 0.70 (LCR at L/2)



C =0.6000 CWp=0.7047
CBA =0.640 CVp=0.8514
CBF =0L5600' LCB 2%iL. AFT ;L/2
U - shaped sections
DIQ3X1 K2S2

CB =0i6000 Cwp=0.7250
CBA 0.6400 Çvp=O.8276
CBF 0.561)0 LCB: 2%L AFT L/2
UV shaped sections
0103X2 K2S2

CB =0.6000 CWp=7416
CBA =0.6400 CVp=08091
CBF =0.56O0 LÇB 2%L AFT L/2
V - shaped sections
0103X3 K2S2

C9 =7000;. Cp=0.7848
C=0.6990 CVP =8919.
CBF=07010 LCB at L/2
U - shaped sections
D202X1 K2S2

C8 = 0.7000 CWp=0i8031
CBAO.699O CVp=02716
CBF =0.7010 LCB at L/2
UV shaped sections,
D202X2 K2S2

CB 0,7000
CBA =6990
CBF=07010
V - shaped sect ioñs
D2Q2X3 K2S2

Figure I. Body plansfor CB = 0.60 and 0.70 fordifferent forebody sections.

Cp=82 15
C VP =0.8521

LCB at L/2
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CB = 0.8000 CWp=0.8923
CBA =07995 C VP =08965

CBF =0.8Ö05 LCB at L/2
UV - shaped sections
.D302X2 :K2S2

Figure 2. Hody plans forCB = 0.60, 070 and 0.80 with different positions of LCB.

CB 0.6000. . CWp='7305 CB =0.7000 Cp=0.8093...
CB =5975 CVp=0.82i CBA :0.6550 CVP=0.86L9

.CBF =0.6025 LCB at L/2. CBF =0.7450 LCB 2%L BEFORE L/2
UV - shaped sections UVshaped sectiòns

CB =6000 Çwp=0.7278 CB, = 0.7000 :Wp=O.8O33
CBA :0.6180 CV.p=0.82! C=47410 VP8714
CBF =0.5820 LCB 1%L AFT L/2 CBF 0.6590 JLCB 2°/aL AFT L/2
UV shaped sections UV - shaped sections
DIQ1X2 K2S2 0201X2 K2S2

D102X2 K2S2 D203X2 K2S2



with the different forebody section shapes. The in-
fluence of the displacement of the centre Of buoyancy
in length has been shown in Figure 2 for = 0.60 and
0.70, while moreover the bodyplan for CB = 0.80 has
been presented in this figure.

3. Parameter-variation scheme

It was not useful to calculate the seakeeping be-
haviour of all ships as dèsigned in the preceding chap-
ter. Such a choice, had to be made, that the influence
of the principal variation on the. behaviour could be
clearly shown. As said before the following constant
factors wilt be maintainèd within the shipform' family:

I. the midship section coefficient
the length-beam ratio LIB = 7
the length-draught ratio L/T = 17.50.

The form-parameters to be varied are.:

I. the blockcoeffjcjent 'CB

the longitudinal position of the centre Of buoy-
ancy, LCB
the forebody section shape

In Table I the' proposed variation of each of the
above mentioned form parameters is shown together
with the used code-number.

The position of LCB for, C = 0.60 which for the
Series Sixty is ñormal at 1.5% L aft L/2, could only
reasonably be varied from I to 2% aft L/2. For one
case the poSition of LCB at L/2 has been. considered,
although the section shapes are not smooth.

This irregular shape is due to extrapolation out of
the field of the basic ship forms. 'For this reason 'it
has, not been taken into consideration furthermore.

Táble I

The variation, in' the position of LCB for CB 0.70 is
ratherwide, especially the' aft one.

It. was. decided to restrict the number óf ships as 'in-
dicated' in the added scheme.

Variation scheme of form-parameter

The values of the different geometrical coefficients
including the relation vertical prismatic coefficient and
forebody section shape as denoted in the variation
scheme of fonn-parameter, are presented in Table 2.

From the scheme of the variation of the form-
parâmeter, it is clear, that special attention has been
paid to block coefficient CB = 0.60 and 0.70. The
behaviour of a ship in 'a seaway is also determined by
the main-dimensions. The ratio of ship length- main
dimension 'will be maintained and so the length may be
considered to be a scale factor. The ship-length has
proved to 'be one of the most important parameters
with respect to seakeeping behavióur Four ship-
length's will be considered. This lias been shown in
Table 3, which may be seen as a proposed variation of

175

Name of parameter ' value of parameter code-number

Blockcoefficient
'

CB = 0.60 Dl

'c =070
CB =0.80 ' 1)3

Longitudinal position

of centre olbuoyancy,
LCB '

LCB at 2% L aft L/2 (CB 0.70)

(CB '= 0.60)
Ql

LCB at L/2 (CB = 0.70)

(CB =O.SO)'(CB = 0.60)
' Q2

LCB at 2% L before L12 (CB = 0.70)

LCB at 1% Laft L/2 (C 0.60)

'

,

Forebody section

shape
'

'Ushape, Xl

. X2

V-shape
' X3

- Xl(U) , X2(.UV) X3(V)

Dl Q2

D2 Q2

i Q3

D)

Ql

::, Q2

'Q3
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Table 2

Table 3
Variatiàn ofscale-paran,eter

Parameter variation scheme

the scale-parameter together with the related code-
numbers.

Variation of ship-length as proposed for all ship-
designs was too extensive New restrictions have been
made as denoted in the next parameter-variation
scheme together again withthe used code-numbers

It is clear from the parameter variation scheme, that
a ship-length of 200 m is chosen as a "central-length".

X2OJV)

D2

D3

xi ( (V)X3

Ql

Q2

Q3

Ql

Q2

Q3

Ql

Q2

Q3

forebody
section shape

CB

(6)
H BA

6A)

CBF

(Ô)
Cwp

()
LCB

6000 0.6400 0.5600 0.7047 2% L aft L/2 0.85 14

6000 0.6180 0.5820 0.7079 1% L aft L/2 0.8477

U 0.7000 0.6990 0.7010 07848 at L/2 0.89 19

0.6000 0.6400 0.5600 0.7250 2% L aft L/2 0.8267
0.6000 0.5975 0.6025 0.7305, at L/2 0.8214
0.60000.6180 0.5820 0.7278 i%Laft L/2. 0.8244
0.7000 0.7410 0.6590 0.8033 2% Laft L/2 0.87i4

UV 0.7000 6990 0.7010 0.8031 at L/2 0.8716
0.7000 0655.0 03450 8093 2% L befOre L12 0.8649

0.8000 '0.7995 0.8005 0.8923 at L/2 0.8965

0.6000; 0.6400j 0.5600: 0.7416 2%L aft L/2 0.8Ó9l:

0.6000 0.6180 0.5820 0.7447 1% L aft L/2 0.8057

V 03000 0.6990 0.7010 0.8215 at L/2 0.852i

name of parameter valúe of parameter code-number

Length between
perpendiculars L

L = 60 m
L = 1:20 m

L200m
L300m

Li
L2

L3

L4



This length may also be seen as a critical length while
in fully developed seas waves with a length of about
200 m contain the highest energy and therefore the
highest amplitude. The "central ship" has been con-
sidered to be a ship with a length of 200 in, a blockco-
efficient C = 0.70, LCB at midship and isdenoted;in
code-number as: D2Q2X2L3.

The form of the 40 ships as chosen according to
the parameter variation scheme has been determined
with the computer-program called "Variation Ship-
forms". For the most principal shipforms the varlatión
of section shape and the position of the centre of
buoyancy in length has been shown in Figure 1 and Fi-
gure 2.

As said before in the introduction the seakeeping
behaviour is also determined by the weight distribu-
tion. The "central" value for the longitudinal radius
of inertia is supposed to be 025L. A variation of
the londitudinal radius of inrtia has been carried out
for the "central-ship" (D2Q2X2L3) only and is de-
noted in Table 4 together with the code-numbers.

Table 4

Variation of longitudinal radius of inertia

Table 5
Variation of sea-condition

Another parameter determining the behaviour of a
ship in assea-way is the sea-condition.

As a "central"-value for the seaway is chosen the
average sea-condition in block 6 of the North Atlantic
during the month Dècember- February with a relation
between Significant wave-heigth (H113) and average
wave-period Th depending on windforce according to
the data of Hogben and Lumb E 11 1. For the distribu-
tion of the wave-energy over the wave-frequencies the
wave-spectrum according, to Pierson-Moskovitz is
chosen (ITTC, 1969). A deviation from the average
wave-period of 10% üp and down has been taken for
the vanation of the sea-condition. The significant
wave-height was kept constant then. The variation of
the sacondition, whióh has been carried out for the
"central-ship" only, is reflected in Table 5.

The "central-ship" may be dénoted by the code-
number as: D2Q2X2L3K2S2.

The probability of the occurrencè of the sea-states
as mentioned in Table 5 has been shown in Table 6

Foreach ship the behaviourina seaway is calculated
for the following three speedsviz. :

Fn=0.15, 0.20, 0:25.

The total number of cases to be computed with
program "TRIAL" is now 44. A revieW of the different
variàtions has been given below (the varied parameters
are underlined):

Table 6
Probability of the occurrence of sea-states
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naine of parameter value of parameter code-number

Longitudinal radiùs = 0.23 L Kl
of inertiá = 025 L K2

=0.27L K3

name of
parameter

value of parameter code-
number

Sea-state no. 5 7 9

wave period (sec) 111/3 2.15 276 4.85
condt I :: 5.85 7.02 8.10 SI
cond. 2 6.50 7.80 9.00 S2

cond. 3 7.15 8.58 9;90 S3

Windforce probability of
occurrence

Nòrth Atlanticsea-state windspeeds.at 10 in above surface
Block 6(Beaufort) (for landstation)

Dec-Febr.
scale knots rn/sec. %

5 17-21 8.0-10.7 32.5
7 2833 :139;T17l H 23.5
9 4147 20.8-24.4 5.5
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4. Calculations

All calculations for seakeeping have been carried out
with the aid of the computerprogram "TRIAL" of
the Ship Hydromechanics Laboratory of. the Delft
University of Technology, of which an earlier versión
has. been described in [1 2J. With the program
"TRIAL" it is possible to calculate vertical motions
(heave and pitch), relative motions, vertical accelera-
tions, shearing forces, bending moments and added re-
sistance in head waves.

The calculations of the ship motions are based on
the linear strip theory of Korvin-Kroukovsky as modi-
fied by Gerritsma and Beukelman in [131.

Variation of forebody section shape and length

Variation of LCB

Variation of blóckcoefficient

DIQ2X2L3K2S2
D2Q2X2L3K2S2
D3Q2X2L3K2S2

Variation of longitudinairadius of inertia

D2Q2X2L3KlS2
D2Q2X2L32S2
D2Q2X2L33 S2

Variation of seacondition

D2Q2X2L3K2l
D2Q2X2L3K22
D2Q2X2L3K2S3

For all sections use has been made of the Lewis-
transformation to determine sectional added mass and
damping. Three right hand coordinate systems are
used throughout all calculations in the program, from
which the first one (x0 ,y0 ,z0) is fixed in space, the
second (Xb,yb,Zb) and third system (x,y,z) are moving
along with the ship,: while the thfrd' system (x,y,z).has
'the x-axis in the same direction as the first system
(x0 ,y0 ,z0).

The origin of the second and third coordinate sys-
tem is situated in length at the centre of buoyancy.
The positive x-axis- is in the directionofthe- bow and
the positive z-a*is is pointing upwards. Thisis shown-'
in Figure 3.

Z Z,

o

y ship speed
c wave ceLerity

X X0

CB. =0.60

:DlQ1X1jK2S2
DIQIX1L2K2S2
D1Q1X1'L3K2S2

DiQ11!K2S2

D1'Q1X2LFK2S2

D1Q1X2L2K2S2
: DÏQ1X2L3K2S2
DlQ12K2S2

D1QIX3LIK2S2
DIQÍX3L2K2S2
DlQ1X3L3K2S2
D1Q1X34K2S2

Dl Q2X1LI K2S2

D1Q2XIL2K2S2
DIQ2XIL3K2S2
D1Q2X1L4K2S2

D lQ2X2LI'K2S2
D1Q2X2L2K2S2
D1Q2X2L3K2S2
DIQ2X2L4K2S2

D 1Q2X3LI K2S2

DIQ2X3L2K2S2
DlQ23j3K2S2
DlQ2X3j4K2S2

CB=OlO

D2Q2XIL1K2S2
D2Q2XIL2K2S2
D2Q2XLL3K2S2

D2Q2X1L4K2S2

D2Q2X2L1K2S2
D2Q2X2L2K2S2
D2Q2X2L3K2S2
D2Q2X2L4K2S2

D2Q2X3LIK2S2
D2Q2X3L2K2S2

H D2Q2X3L3K2S2
D2Q2X3L4K2S2

CB = 0.60- C8 = 0.70

D1QIX2L3K2S2
D1Q2X2L3K2S2
D1Q3X2L3K2S2

D2Q1X2L3K2S2
D2Q2X2L3K2S2
D23X2L3K2S2

wave - aCO5(oCOWt) in X© y0 z

a cOS(Wet) in xyz .x=O
heave - Z Za cos(wt +C)
pitch - 8 =8acos(wet+)

WCOLIVCOSIL
Figure 3. Symbols and definitions.

4.1.Regular waves

The wave elevation with respect to the coordinate
system fixed in space is given as:

= cos (kx0+wt) (i)
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inwhich:

b'VdX, (7)

= the amplitude of the vertical relative water
velocity for each section: VZ=i-_XbÖ +V0
the effectivç vertical wave displacement fora
cross section

b' = sectional damping at speed.

The response functions for all above mentioned
parameters have been determined for 22 different
wave-lengths.

Irregular waves

The prediction of the seakeeping performance in a
seaway is based on the response operators détermined
for the regular waves from which the irregular sea is
supposed to'be composed. Spectral techniques are used
for the determination of the 'behavioúr óf a ship "in a
seaway as described in ['12] and [171,. The irregular
sea is cônsid'ered to, be a fully developed seaway ac-
cording to the formulation of Pierson and Moskovitz
with significant wave heights H113 and average wave
periods T as denoted in Table 5.

The formula for this wave spectrum as recornmen
ded by the 12th ITTC may be written in'a 'form
suitáble for direct 'application as follows:

StEW)
691 (.L3 )2ex( 691 ) m2 /rad/sec.

Tw5 T4 (8)

For all variations 'and sea-states. mentioned in Table
1-5 the next behaviour parameters have been' deter-
mined:

the significant heave amplitude
a1Ì3

the significant pitch amplitude aij
the significant vertical acceleration amplitude at
the FPP:VaiÎ3
the mean added resistance RAW

the probability of occurrence of slamming, at
the FPP:, P[SLAMMING]

for all ships with CB = 0.70 the freeboard at the
FPP has' been determined for which the probab-
ility of shipping P[SHIPPINGJ ' 5%, while 'for
ships with C = 0.60 this freeboard has been'
calculated for all sections.

The calculations of the freeboards have been per-
formed without taking' into account the 'influence Of
the bow wave' and the dynamiC swell-up.

The criteria to determine these phenomena as pre-
sented by Tasaki [18) are partly valid for the ships'
considered and for this reason they are totally'ômitted.
Moreover it appeared from recent investigations [19],
that the crest of the bow wave varies remarka6ly 'in
height and lo'ngitudinalposition with the' ship speed.
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in which: p = direction of wave travel

wave amplitude
k 2n/X=w2/g wave number'
X = wave length
g acceleration of gravity
W = circulàr wave frequency.

For the calculation of the heaving and pitching mo-
tions the following well known equations are used:

(a+p V)+bi+czdëed gO = Fa cos(w t+e )

(heave)
(A+k ,p V)Ü+BÓ +C0 DEGz = Ma cos(c,et+eM.)

(pitch) (2)

with the hydrodynamic coefficients a,b,c,d,e,g,A,B,C, '

D,E,G,.accòrding to [13]

Fa = wave force with phase angle 6F
Ma = wave moment with phase angle e
k

,
'=' longitudinal radius of inertia of the ship

We = wave frequency of encounter
V = volume of displacement

p' = density of water.

The ship motions (2) are defined by:

Z Za cos(Wt+e) for heave
(3)

O = 8 cOS(CA)et+eoi.) for pitch

in which and e8 are respectively the phase angle
of the heaving and pitching motion with respect to the
wave motion àt the origiñ'of the coordinate system.

The absolute motions for the sections are given by:

V=Z_XbO (4)

while the relative motions with respect to the water
surface are determined by:

S=Z7fXbG (5)

The vertical absolute sectional'velocity and accelera-
tiOn are found by determining the time derivative of
(4) in succession as follows:

(6)

a =V=ZXbO

The relative velocity and acceleration are similarly
found from (5'):'
The added resistance in waves has been calculated ac-
cording to the method presented in [14], [15') and
'[16).

The expression for this resistance increase in waves
reads as follows:
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5. Discussions of the results

The computed results mostly confirm the conclu.
sions of the. former investigators as mentioned in the
introduction.

Some exceptions may be established, especially with
respect to the choice between U- or V-shaped sections
in the forebody.

For this choice another one is very important viz.
which aspect should be considered: the motionsor the
resistance. To make this choice one should keep in
mind that the ratio ship-length/wave-length is impor-
tant. For very small- an4 very long Waves the motions
may. be neglected.

For long waves the still water resistance is dominant,
while for. small waves both the still water- and added
resistance in waves should be taken into account.
Herewith one should take into consideration the phe-
nomenon that in many cases the still water resistance
for U-shaped sections is lower than for V-shaped sec-
tions.

For a good review and discussion of the results it
is convenient to treat. separately the.influence of the
various parameters 'on the behaviour of the ship in a
seaway. Generally. speaking .it is obvious from all fi-
fures, that the motions,added resistance, accelerations.
etc., increase with a higher sea-state. Speed influence
will be treated. separately as well asin combination
with each of the parameters considered.

5.1. Influence of speed

The computed results show in Figures 4,5 and 6 that
the heaving motion significantly increases with speed.
For the highest sea-state considered the influence of
speed on heave appeared to be maximum for :L = 120
m, but may be neglected above L = 200 m. From the
Figures 4,5 and 6 it is also clear, that there is a small
increase of pitch with speed up to a certain length,
Which depends on sea-state, section shape and block-
coefficient. This length decreases with sea-state, block-
coefficient and an increase of the prismatic coefficient.
The added resistance in waves grows with the ship
speed up to a certain length dependent on sea-state.
After this length the sitúation is just reversed.

For sea-state 9 this ship-length L = ±200 m and for
sea-state 5 L = ±150. m. The vertical acceleration, the
relative motion and slamming at FPP increase with
speed, however the rate of increase decreases with
length and may be neglected above L = 200 m. See Fi-
gures 4,5 and 6.

5.2. Influence of forebody section shape

From Figures 4 and 5 it is evident,, that the heaving
motion strongly increases with the prismatic coeffi-

cien t, so with more U-shaped sections in the forebody,
while pitch appears to be almost indiffèrent for the
forebody section shape. As shown in. Figures4 and 5 it
appears, that the added resistance in waves increases
with móre U.shaped sections up to a certain length
which depends on sea-state and speed. After this length
the situation has been reversed and so V-shaped sec-
tions are unfavourable then. The length for which this
reversion occurs increases with sea-state and decreases
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Figure 4. Ship behaviour as a function of length and related to
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with speed and blockcoefficient. For sea-state 9 this
length amounts about 200m at Fn = 0.15 and about
130 m at Fn 0.25

The vertical acceleration at FPP increases with more
U-shaped sections in the forebody as shown in Figures
4 and S,. but this influence may be neglected above a
length of 200 m for an average sea-state añd speed.

Slamming at FPP increases rather strongly with the
prismatic coefficient, but has almost disappeared for.a
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ship length L = 200 m at seaitate 9 and L = 120 m at
sea-state 7. See Figures 4 and 5. The relàtive motion at
FPP for CB = 0.60 also increases with the prismatic
coefficiônt and achieves a maximum value which de-
pends on sea-state and speed. The upper limit is about
L = 120 m. After this length the influence of the fore-
body section shape reduces.

5.3. Influence of ship length

Heave, and pitch motions are reduced significantly
if the ship length increases as Figures 4, 5 and 6 show.

The added resistance in waves increases with ship-
length up to a certain value which is related to sea-
stäte, speed añd blockcoefficient. This length increases
with sea-state, a reduction in speed, and blockcoeffi-
cient as shown in Figures 4 and 5. For an average speed
this length may established at L = 210 m in the case of
sea-state 9 and at L = F60 rn for a sea-state 7.

The vertical acceleration at FPP shows a strong re-
duction with ship-length in Figures 4, 5. The same phe-
nomena can be established for slamming as shown in
Figures 4, 5, 6 Above L = 200 m for sea-state 9 and
above L = 120 m for sea-state 7 the probability on
slamming may be neglected. The relative motiòñ shows
an increase with ship-length up to a certain length,
which depends on sea-state and, speed.

For an average speed and sea-state this length ap-.
pears to be about 120 m. In Figure 7 the freeboard for
which the probability of shipping is 5% (f9 = .05) has
been presented as a percentage of the ship length for
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the sections of different ships with blockcoeffìcient
CB 0.60

This freeboard is especially restricted to Fn 0.20,
UV-forebody sections, sea-state 7 and 9.

lt is clearly shown in this Figure, that the longest
ship needs the smallest freeboard in relation to the
ship-length especially for the sections forward of sec-
tion 12.

5.4. Influence of the centre of buoyancy In length

Moving forward of LCB for blockcoefficient CB =
O.70results in a small increase of pitch, vertical accele-
ration, relative motion and slamming at FPP. See Fi
gure 8. From Figures 5 and 6 it is clear, that for block-
coefficient C8 = 0.60 the situatión of the centre of
buoyancy in length has no significant influence on the
motions, added resistance in waves, accelerations and
slamming at FPP.

5.5. Influence of blockco efficient

From Figure 8 it cän be seen, that an increaseof the
blockcoefficient causes a ratherstrong reduction of the
motions, acceleration, added resistance and slamming.
lt should be remarked, that the rate of reduction is
almost independent of the speeds considered.

5.6. Influence of the weight distribution

Increase of the radius of inertia results in somewhat
higher heaving motions (negligible for Sea-state 5) and
pitching, motions for the lowest speed and highest sea-
state only. See Figure 9. For Fn = 0.20 the influence
of the radius of inertia on pitch may be neglected,
while for Fn = 0.25 a small decrease in pitch with the
increase of the radius of inertia could be established.
The vertical acceleration is almost independent of the
radius of inertia. Only for the lowest speed and the
highest sea-state a small increase of the vertical accele-
ration at FPP 'with the radius of Inertia is evident from
Figure 8. For the highest sea-state only an increase of
the added resistánce in. waves with the.radiiis ofiner-
tia has become clear. 'The probability on slamming
grows with the longitudinal radius of inertia, while
the relative motions increase with this radius 'at the
highest speed only. -

A variation of the sea-condition as denoted in Table
4 shows in Figure 9 that all motions, added resistance,
vertical acceleration at FPP, etc. increase rather sig-
nificantly with the average wave-period. -

For a high sea-state in combinatión with a low ship
speed only a maximum value of -the- ádded' resistance
could be observed at a wave period of 1.05 times :the
average wave period.

6. Conclusions and recommendations

From the preceding parametric-study the following.
conclusions-and recommendations may be derived:

I. From - all parameters investigated the ship-length ap-
proves to have the greatest influence on the motions
(especially on pitch), acceleration, added resistance,
slamming etc. With increase of the ship length the
motions, accelerations and slamming decrease sig-
nificantly up to about L = 200:m for sea-state 5 and
L- 300 m for'sea-state 7. Added resistance increases
with length up to a certain value depedent on sea-
state, speed and blockcoefficient. A longer ship re-
quiresa smaller-ratio of freeboard and ship-length.
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The ship-speed appears to be a second factor of im-
portance to influence ship motions, accelerations,
added resistance, slamming etc.
The heaving motions strongly increase with speed
(maximum for L = ±120 m), while pitch appears to
be almost indifferent for speed.
The added resistance in waves increases with speed
up to a certain.ship-length dependent on sea-state.

The forebody section shape, should be mentioned as
thé third fáctor of importance to influence ship
motions etc..
V-shaped forebody sections, so à lower prismatic
coefficient, result in a reduction of heave, added re-
sistance, vertical accelerations, slamming and relative
motions. However, above a ship length of about 200
m U-shaped forebody sections are preferable with
respect to the added resistance in waves. The influ-
ence of the forebody section shape on pitch is very
small.

The block-coefficient is the next factor of import-
ance to influence the motions. An increase of the
blockcoefficient causes a rather strong reduction of
the motions, accelerations, added resistance, relative
motions and slamming.

5. The situation of the centre of buoyancy in length
LCB and the radius of Inertia are factors of minor
importance to influence the ship motions Only for
the higher blockcoefficients such a shift in LCB is
possible, that moving aft of LCB results in a small
decrease of pitch, vertical acceleration, relative mo-
tion and slamming. Added resistance is hardly in-
fluenced by a shift of LCB.
The radius of inertia mainly influences the heaving
motion. Heave, added resistance and slamming in-
crease with the radius of inertia, while vertical
acceleration and relative motion are almost indif-
ferent for variation of the radius of inertia. Pitch is
rather speed-dependent in this respect.

Care should be taken in using an average wave-
period for comparison of the behaviour of dif-
ferent.sh.ips.in a seaway.
All motions, added resistance, slamming etc. in-
crease rather significantly with the wave period.
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8. List of symbols

a,b,c,d,e,g coefficients of the equations of motion
A,B,C,D,E,G for heave and pitch

vertical absolute sectional acceleration

aya amplitude of vertical absolute sectional
acceleration

B breadth of the ship
b' sectional damping for ship on speed
C5,S blockcoefficient

CBA, 6A blockcoefficient of afterbody

CBF, 8F blockcoefficient of forebody

CM ß midship section coefficient

CvP, X vertical prismatic coefficient
a waterplane area coefficient

D denotation for blockcoefficient in para-
meter-variation scheme

Fa wave force amplitude
FPP fore perpendiculár
f freeboard
Fn Froude number
g acceleration of gravity
H113 significant wave height
K denotation for longitudinal radius of

inertiá in parameter-variatión scheme
k2n/A wave number
k),./ longitudinal radius of inertia
L, length betweenrperpendiulars
LCB position of the centre of buoyancy in

length

Ma wave moment arnplitudó
P probability of occurrence

Q denotation for LCB in parameter-
variation scheme

RAW added resistance in waves
s denotation for sea-condition in para-

meter-variation scheme
s. wave spectrum
s relative motion with respect to the

water surface
T average wave period
V forward speed of ship
y vertical absolute sectional motion

vertical relative velocity
y28 amplitude of the vertical relative water

velocity
X denotation for forebody section shape

in parameter-variation scheme

x,y,Z right hand coordinate system fixed to

Xb,Yb,Zb ship
z heave displacement .

Z8 heave amplitude

a,Cp waterplane areacoefficient
¡3, CM midship section coefficient

X, Cp vertical prismatic coefficient
5. CIr block coefficient
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Aigemeen.

De eerste versie van bet scheepsbewegingen-programma voor 6 graden van

vrijheid is on'twi'kkeld door he't 'Laboratorium voor Scheepshouwkunde van

de TechnischeHògeschool te Deift.

Dit vond plaats in bet kader van het promotiewerk van dr.ir. J. Vugts [i.

Het programma was oorspronkelijk geschreven in ALGOL 6O.

Daarna zijn door ir. R. Wahab en ir. J.H. Vink wijzigiìgen aangebracht

in de theorie met' betrekking tot d'e golfkrachten en -momenten [2].

Hiervoor' werd ook een nieuw programma opgêzet onder de naam "LOMO".

Het eerstgenoemde programma (gena'amd "SM" naar Ship Motions) werd in'

"FORTRAN"-taa]J door ir. J.C. L. Pijfers van TNO - IWECO ter beschi1king

gesteld van het Laboratorium voor Scheepshydromechanica.

Hierin werden wijzigingen aangebracht o.a. in de integratie-procedure

van de hydrodynamische afgeleiden, 'de golfkrachten en -momenten.

Voor dit programma is dez'e handieid'ing bedoeld.

De instructi.es zijn gedee]ftelij:k ontl'eend aan 'de 'h'andleiding voor bet

scheepsbewegingen programma "LOMO" en aan de ervaringen. met het

ITTC-project voor Scheepsb'ewegingen' in 1976.

Voor het berekenen vande bewegingen van eenschip in zeegan:g met zes

graden van vrijheid dienen' achteteenvólgens de volgende vier progranuna's

gebruikt te worden,:

I. SMI6 (LOMO I) voor het bepalen van de tran'sformatie-cofficinten van

de verschillende secties.

SMO2 voor het bepalen van d'e hydrodynamische coff.icinten per sectie

afhankelijk van de ontmoet'ingsfrequen'tie

SMO3 voor bet bepalen van de response-functies in regeimatige goiven.

SMO4 voor bet bepalen van de significante waardén van de bevegingen

in een go'ifspectrum'.

Voor elk van de bovengenoemde prog'ramma's zal een beschrijving worden

gegeven van de kaartinvoer en d'e uitvoer van kaarten en programma.

Voor de kaa'rtin- en-uitvoer geeft I een geheel getal (integer) aan en

FL een getal met drijvend'e komma ('floating point)..



1. Beschr,ijving van SMI6 (LOMO 1)

1.1. Algemeen

De voornaainste invoer-pararneters zijn dé spantco6rdínaten:. Indien gewenst

en wanneer het inogelijk is, wordt een conforme transformatie voor.iedere
sectie uitgevoerd waar.door de s,pantvorm benaderd wor,dt. Als de methode
van de conforme transformatie niet gewenst wordt of niet mogeiijk blijkt
te zijn, worden de cordinaten alleen getransformeerd naar een ander
assenstelsel, zodanig dat de methode van Frank E3J kan worden toegepast..
De eerste methode, genoemd de "close fit" methode, is geschikt voor de.
ineeste spantvormen [4J. Voor buIbvormige spanten inoet toch een be.paaide
breedte op de. waterl.ijn ingevoerd worden, bijv. 0.01 van de maximale
scheepsbreedte, orn de "döse fit" methode vol.gens Ursell te kunnen toe-
pas sen.

Met de methode van Frank .kan elke .s.pantvorm. worden behandeld, zelfs een
volledig ondergedompeid spant. Er is evenwe.l een beIangrijk nadeel bij
deze methode.. Bi] voliere spanten, ongeveer over 0.25. L tot 0.75,L,,
treedt resonantie op. bi] .sommige frequenties. Déze resnatie. .betr,ef t
het vloeistofopperviak., dat binnen de contour. van het spant' is gelegen.
Er zijn aanwijzingen, dat dit nadeel kan worden ondervangen door he.t.
Spant vanboven af te sluiten, maar di.t is nog niet onderzoçht.
Het verdient .derhal.ve de voorkeur orn :zoveel. mogeiijk. gebruik te maken

van de "close fit" methode.

1.2. Invoeraanwijzigen.

Bi] de invoer mag de dwarsscheepse y-codrdinaat nooit de waarde nul
hebben., maar bi]v. 10. Op .de waterlijn moet deze breedte minstens
0.01 x de maximale s:cheepsbreedte zijn.

Horizontale delen moeten een zeer kleine heIling kri}gen, zodat y
steeds .afneemt. Deze hel:ling kan ,zeer klein genornen worden bi]v.
i06: 1.

De afwijking, van het benadering.spolynoom, waarniee de transforina.tie
voor de "close fit" methode wordt uitgevoer.d ten opzichte van het
werkelijke spant mag niet groter zijn dan een op te geven waarde

{(x - x)2+ 'b - y) }<:

De waarde van c wordt per spant ingelezen en toegekend aan EPSLL..
De. rekentijd voor he.t transformeren hangt af van de o.pgegeven

2



waarde voor EPSLL.

Een normale waarde is

EPSLL eps' * diepgang * breedte * gmiddeld aantal

meetpunten per sectie

aarbij eps' = 0.005 à 0.0001

4.. Wanneer de voorste ordinaar alleen een punt is t.p.v. de waterliJn,,

dan inoet voor dit spant een zeer kleine cirkel worden ingevoerd

met een straal van bijv. 105m.

1.3.. Kaartinvoer SMI6 (LOMO 1,).

Kaart noo I

kol 1-80 Titel,, die boyen eirke pagina van de uitvoer wordt

afgedrukr.

kaart no.. 2

kol i-5, I,,

kai 6-110,, I,

kaarr no. 3

kol 1-5, I,

kaartno.. 4

kol 1-líO:, FL,

kol .1 1-20, FL,

- 3 -

NOII = ordinaat nummer van de eerste van een serie

gel ijkvormige ord maten.

NO2 =' ordinaat nummer van de laatste van een erie

gelijkvormige ordinaten.

N.B. Als er geen parallel middenschip is, moeten '

ordinaat nummers worden opgegeven boyen, bet

nummer van bet aantal bes cho.uwde ordinaten,

de eerste lager dan de tweede.

NN = aantal spanten (min. 1, max. 31)

FACT faktor voor omzetten van invoercordinaten

in meters. (=1!. als invoer in meters plaats

vindt).,

SCALE = schaal waarop de ordinaten geplot moeten

worden.. (op dit ögenblik werkt het plot-

programma niet):

li = keuze variabele
. -

l-I oais methode Frank wordt gewenst.

II o als'Elose fit" methode gewenst wordt.

In dat geval geeft II tevens aan hoe-

Vanaf hier wordt de voIgende invoer per spant herhaald:

kaart no. .5

kol I-5-, I,



(s

o

kai 6-lOE, I,

kol 11-15, I.,.

kol 21-30, 1,

kol 31-40, ii

kol 44-45, I,

kol 49-50, I,

kol. 5160,,FL,

kaart no. 6 a,b.,c etc.

kol 1-10, FL,

ko i 11-20,. FL,

kol 21-30, FL,

X (3)

Y (3)

X (4)

Y (4)

veel transf. co.fficinten minimaal

moeten worden berekend. Indien con-

forme t.ranpformatie niet .mogeiijk

b.lijkt te: zijn.,wordt automatisch.

de methode van Frank gehanteerd.

NM = aan'tai cordinaten paren, max. 46.

NUN = ordinaat nummer, .achte.raan beginnend

met,0

ESPLL toegelaten a.fwijkin;g bij trans:formatie.

21e de invoeraanwijzingen onde.r 1.2..

Voor II = o een wil.lekeurig getal nemen.

RKANT = 1.0 wanneer de ordinaat rechts geplot

moet worden.

-1.0 wanneer de ordinaat links gepiot

moet worden.

MAXB = voignuinmer van het cord'inatenpaar.:

waarvoor de max.. breedte van de ordi-

naat optreedt.

MD = I als ordinaat onde.rgedompeld is...

= 2 al ordinaat een waterli.jtn bezit.

DEP = diepte van bovenste punt ordinaa.t. onder

de wateriij.n in dezelfde maat als. ge-

br,uikt voor in te lezen cordinaten

van de or.dinaat, als MD = 1; ais MD = 2,

dan DEP = o;; als II o., dan ND = 2 en

DEP =o; als MD = I en DEP o, dan wordt

de methode van Frank toegepastook al

is II 3 o.

Co6rdinaten van punten op de .omtrek van het

spant. Als e.r meer dan 4 co3rdinaatparen

b C d
zijn, worden volgkaa.rten. (no.. 6 ,, 6 , 6 ,

Max. 46 cordinaatparen.

X wordt gemeten vanuit hart schip

Y wordt gemeten. vanaf het laatste. punt van

d.e ordinaat.

ko i 31-40, FL, Y (2) etc.) gebruikt met dezelfde indeling.

ko 1 41-50, FL,,

ko i 51-60, FL,

ko i 61-7.0, FL,

ko i 71-80., FL.,



Het eerste punt moet het bovenste punt van de ordinaat zijn en de

voigende punten langs het contour naar beneden toe. Het laatste punt

is bet kielpunt.

III = aantal hoekintervalien (theta)

voor berekening van bet getransformeerde.

spant.

Max. 31 en groter dan 0.

Voor kleine spanten in voor- en achter-

schip bijv. III = 5 öf 4 en voor de overige

spanten III 10 - 17.

Voor alleèn verticale bevgingen (stampen

en dóinpen) III = 5 of 4
V

MMM = aantal multipòlen. Max. 30.

MMMIII -1.
Als II = 0 dan kunnen III en 1Thi will ekeurige waarden bezitten.

kaart no. 8

kol 1-10 X0 = langsscheepse p'ositie van de ordinaat

t.o.v. L/2 inmeters.

1.4. Kaart- en programina-uitvoer SM16 (LOMOI)

De kaartuitvoer van SMI 6 kan niet direct gebruikt worden voor de invoer van

progratmna SMO2 en wordt daarörn hier niet verder beschreven. Wel is er aan-

s1uitng op eenzêifde róramma SM 15 (LOMO 2) met .daaropvolgend SMI4 (J0MO 3),

Een beschrijving hiervan is weergegeven in de insrücties an ir. R. Wahab.

De progranmiauitvoer bat voor elke sectie o.a.

de titel als weergegeven op invoerkaart no. 1

bet oorspronkelijke en nieuwe sectienummer (het nieuwe sectienumme,r begint

van achteren af met O)

het alve seòtie-opperviak, de halve bréedte op de waterlijn, de diepgang

de Lewis-cofficient a1 en a3

de totale 1afwijking EPSLL van het oorsprònkeiijke ordinaat (zie. 1 2. onder 3)

de hoeken theta waarvoor het getransformeerde spant is berekend met de af-

wijkingen DELTA-X en DELTA-Y van bet oorspronkeIijike ord:inaat, de nieuwe

en oude x en y-ordinaten

de nieuwe x- en y-ordinaten voor hoeken theta met intervallen van 2.5 graden

de transformatie_cofficinten Al , -A3, A5 etc..

de gebruikte s chaal factor.

kaart no. 7

kol I-2.,

koÏ 11-12, I,



2. Besch.rijving van SMO2.

2. 1.. Aigemeen

Voor verschillende in te voeren ontmoetingsfrequenties worden de hydrodyna-

mische cofficinten per sectie. berekend.

Hierbij wordt de scheeps.snetheid gelijk aan nul verondersteld, zodat de ont-

moe.tingsfrequentie gelijkgesteld kan worden aan de. golffrequen.tie. In leite

worden de hydrodynamische cofficinten bepaald voor een reeks regeimatige

goiven met een ingevoerde golfhoogte..

De kaartinvoer. van dit programma wordt gebruikt voor :de invoer van

programma SMO3.

2.2. Kaartinvöer SMO2.

kaart no. I

kol I-80

kaart no. 2

kol 1-10, I,

kol Ii-20, I.,

kol 21-30

kaart no. 3a,b

ko'l i-IO., FL., OMEGA (i)

L

kol Ii-20, FL, OMEGA (2)

kol 21-30, FL, OMEGA (3)

kol 31740, FL, OMEGA (4)

kol 71-80, FL, OMEGA (8)

Titel, die bosen elke oagina. van de uit-

voer wordt afgedrukt.

IJJ = aantal ordinaten

RR = aan.tal frequenties, max. l5

BOOL= normaal 1, .ande.is moeten dimensieIoze

ontmoetingsfrequenties,. als

worden ingelezen. (Zie káart no. 3)

Ontmoet.ingsfrequenties.

Max. 15.

Indien er meer dan 8 frequenties zijn.,

de rest o.p vervoi,gkaart no. 3 b plaat-

sen.

kaart no... 4

kol 1-10, 1, BOOL I = norinaal 0, anders wordt voor GOLF d'e max.

golfhelling ingelezen.

kol 11-20, FL, GOLF = golfamplitude in m als BOOL 1 0.,

anders max. goIfhelling in rad.

kol 21-30, FL, . RHO dichtheid van het water (voor zee-

Vater 104.5 kg sec2/.in4) . .

kol 31-40,. FL, . G = versneiling van de zwaartekracht

(= 9. 81 rn/sec2). .



kaart no.

ko i

ko i

kol

Vanaf hier wordt de volgende invoer teIkens' per spant herhaaid:

6' (Zie prógrainma uitvoerSM1& onder 1.4.)

15, I, J = ordinaat nummer

6IO, I,
11 -22, FL,

ko'l 23-34, FL,

kol 35-46, FL,

NN = aantal transformatie cofficinten - 1.

B = halve breedte op de wateriij.n van bet ge-

transformeerde spant (New -x)

D = diepgang van de sectie

OPP= oppervlak van de. halve sectie.

dan 5 transformatie cd.fflc{nten z'ljn,. deze 'plaatsen

met dezelfde. ind'eiing als kaart no.7a, daarna afslui-

getransformeerde spant (New -x)

2.3. Kaar.t- en prograinmauitvoer van SMO2.

De kaartuitvoer van SMO2 kan direct gebruikt worden als gedeeltelijke invoer

van programma SM03..

2.3.1. Kaartuitvoer SMO2.

Dez'e kaartuitvoer bevat achter.eenvoigens eerst voor ledere s'ectie:

kaart no. '1

kai 1-4, I, NUN = 'kaartnumtner

kol 5-8,, I, J = sèctienummer

ko'i 9-20, FL,, X0 = o.:o

ko'l 21-32,, FL, OPP o,ppe'rvlak van de gehele sectie

kol 33-44., FL, B halve waterlijnbreedte van de sectie

kol 45-56, FL,, OB ligging van 'het' 'd:rukkingspunt t.d.v. 'de

water'lijn...........
daarna per sectie en per' ontmoeringsfrequentie:

kaart no. 5

kol F-10, II = aantal hoekintervalien van het ,getransfor_

meerde spant, meestal 8, 9 o 1:0

kol li-20, I, = aan.tal inultipolen, normaal 7,8 'of 9
MMLII- 1.

kaart no. 7 a.,b. (Zie programma uitvoer SM1'6. onder 1.4.)

kol 1-15, FL, Transformatie

:koi 16-30:, FL, Trans format le

kol 3 1-45, FL, Transformatie

koÏ 46-60:, FL, Transformatie

kol' 61-75, FL, Transformatie

Indien :er meer

op kaart 7' b,c

ten met:

kol no., zie boyen,, FL,XPL=halve breedt o,p'de waterli]n. van het

coff.icient, Al

'co'fflcient, A 3

co'fficient, AS

cofficient, A7

'cof'f i cient, A9



kaart nO.. 2

kol 1-3, I,,

kol 4-1.4, FL,

kol 15-25, FL,

ko 'i' 26-36, FL,

kol 37-47, FL,

kol 48-58, FL,

ko'l 59-69, FL.,

kol 70-80,. FL,

kaart. no.., 3

koÏ 1-3, I,

kol 4-14, FL,

kol 15-25, FL,

kol 26-36, FL,

kol 3.7-47, FL.,

kol 48-58,FL

kol 59-69, FL.,

kol 70-80, FL,

pagina I :

2.3.2. Programmauitvoervan SMO2.

De prograimnauitvoer bevat voor elke sectie op:

NUN = kaartnummér

0(R) = frequentiee

AYY(R) = toegevoegde

BYY(R) = demping bij

AZZ(R) = toegevoegde

BZZ(R) = demping b'ij

ARR(R) = toegevoegde

BRR(R) = dèmping bij

NUM2 =

AROLLY(R) =

.BROLLY(R) =

TTSTER(R) =

DRIFTF (R')'

E'PSZ(R') ' =

EPSY(R) =

EPSRLL(R) =

I. de titel ai'. weergegeven op invQerkaa.rt no'. .1

sectienuminer en andere gegevens van de sectie

de transformatie coff,icin.ten

4.. het statisch moment t.o.v. de water'iiji, het opperviak

van de getransfornieerd'e sectie, de ligging van he.

zwaartepunt t..o.,v. de waterlijn

pagina 2 en .

,eventueel 3 : I. de titel als weergegeven op invoer.kaart no. '1

2. de ingevoe.rde frequenties, ook dimensieloos w'V

waar in:

B = breedte schi'p

g versnel:ling zwaartekracht'

.pagina 3 en

eentuee.l 4 : 1. de titel aIs weergegeven op invoer.kaa.rt no. I

2. voorde ingevoerde fre'q,uenties de absolute en procentu-

ele f.outen in dompen,, s'tampen en .slinge.r.en

massa bij

verzetten

massà 'bij

dompen

massa bij

slingeren

verzetten

dompen

si Inge re.n

kaartnummer

massa-koppelirig van verzetten in

slinge.ren

deinpings-koppeling van verzetten in

si ingeren

effectieve .diepgang van de sectie'

driftkr,acht

faseverschil van . dompen.

faseverschil van verzetten

faseve.rs,chil 'van slingéren:

ne t

golf



9.

3. voor de ingevoerde f:requen'ties worden de ver.sch.iliende

goli fkarakter.is tieken evetials de effec t ieve diepgang

*
T op,gegeven.

pagina 4 en

eventueel 5 : 1. de titel als weergegeven op invoerkaart no. I

voor de ingevoerde frequenties' worden voor het dompen

(heave) o. a. de toegevoegde massa. (ÄZZ},, de demping (BZZ)

en de f asehoek (ESZ) be'paald

voor de ingevoerde freq.uen.ties worden o.. a. de go'lfgegev.ens

'bepaald evenals de go1fkracht (ZZÄ) en fasehoek (EPS'ZZ) vol-

gens de diffractie- en relatieve bewegïngsmêt'h'ode.

4 de toegevoegd'e massa (AZZ): voor een oneindig hoge

fr equen tie..

pagina 5 en

eventueel 6 : I'.. de titel als weergegeven op invoerkaart no. I

voor d'e ingevoe.rde freq,uenties worden voor bet verzetten

(sway) o..a.. bepaaid:;

de toegevoegde massa (AYY)

de dempi.ng (BYY)

de massa-koppe.ling van ver.zetten in slingeren (AROLLY)

de dempings-kop.pe.ling van verzetten in. sllngeren (BROLLY)

voor d.e ingevoerde fr,equenties worden' o.a. de goifgegeveris

bepaaId evenals' de golfkracht (YYA) en fasehoek (EPSYZ)

volgens de diffractie- en relatieve bewegingsmethöde.

voor de ingevoerde frequenties de drif'tkracht (DRIFTF)

pagina .6 en

eventueel 7 : I. de tte.l als weergegeven op invoerkaart no. I

voor de ingevoerde frequenties worden voor het slingeren'

(roll) o. a. bepaa'ld::

de toegevoegde massa '(ARR)

de demping (ERR)

de massa-koppeling van slingeren in verzetten (ÁYROLL)

de dempings-koppeling van slingeren in verzetten' (BYRO.LL)

voor de ingevoerde freq,uenties wordn o.a.. .de goIfgee.vens

bepaald evenais he.t ,go.ifmornent (KKA) en fasehoek (EPSRZ)

vol,gens de diffracti.e- en relatieve bewegingsinethode.

Li



Beschrijving van SMO3.

3.1. Algemeen

Voor de in het programma SMO2 ingevoerde frequenties worden voor én of meEr

sneiheden eerst de hydrodynamische cofficinten voor het gehe.le schip be-

paald. Daarna worden go:lfkrachte.n en,-momenten berekend. Vervolgens worden

de bewegingen en de daarbij behorende response functies berekend en tensiotte

worden voor bepaalde punten aan boord van het schip de relatieve bewegingen

berekénd.

De kaartuitvoer van dit.progrannna kan worden geb.ruikt als een gedeelte van de

kaartinvoer van programma SMO4.

3.2. Kaartinvoer SMO3.

Kaart no.

kol 1-80 Titel, die. boyen elke. pagina van de uitvoer wor,dt

afgedrukt.

kaart no. 2

ko]. 1-10, FL, LL lengte tussen de loodiij.nen

kol 11-20, FL, BB = max. breedte

ko]. 21-30, FL, TTV = diepgang vo.or

kol 31-40, FL, TTA = diepgang achter

ko]. 41-5.0, FL,, BKH = hoogte van kimkiel

kai 51-60, FL., BKL = lengte kirnkiel

kaart no. 3

kol 1-IO, FL,,

kO]. 11-20, FL,

kaart no. 4

ko]. 1-20, FL,

kol 21-40, FL,

ko]. 41-60, FL,

ko]. 61-80, FL,

kaart nO. 5

.kol 1-10, FL,

kol 11-20, FL,

- 10 -

XGG iengteiig.ging van bet zwaartepunt

(achter -, voor

ZGG = vert. afstand van G t.o.v. WL

(onde.r -, boyen +)

lix = massa-traaghei.dsmoment t.o.v. x-as

uY = massa-traagheidsmoment t.o.v. y-as

lIZ = massa-traaghe.idsmotnent t.o.v. z-as

1IXZ= .massa-traagheidsproduct

24
RHO = dichtheid van he.t water in kg sec Im

(voor zeewater = 104.5 en .zoetwater =

101.9)

G ve.rsneiling van de zwaartekracht



kot 6F-62, I, IBE = 'aanta'l stroomhoeken (Ìnax.-5)

kaart no.. 7

kot 1-10, FL,

kot 11-20, FL,

kol 61-7O, FL,

kaart no.. 8

kot 1-l'O., FL,

kot 11-20, FL,

kot 6l70, FL,

kaart no.. 9

kot 1-10, FL,

kol 11-20, IL,

kol 61-70,, FL,

kaart no. 10

kol 1-4, 1,

kol .58, i,

kot 5'-60, I,

kaart no. 11 a,b---g

kot 1-10, FL, XP(S)

kot 1 12O, FL:. YP(S)

kot 2-30.,., FL, ZP(S;)

kaart no. 1.2

kot 1, 1.,

köl I 1-2C', FL.,

MUÇR= golfhoek in graden (OP = ach'te'ropkomend,

18Ò9 = kopgolven)

FR (stroorn)snetheden in knopen

DJJ = nummer(s) van secties

die aan e.ikaar geli]ik zijn. Zijn er geen

,secties aan elkaar getijk dan -100 opgeven.

BETA s:troojiihoeken in graden

(voor sch.ip zonder koers- en gierhoek: 0.)

ordinaten van' punten waaryoor rela-

tieve: bewegingen en ver.snellingen

worden :berekend. Voor elk punt n

kaart,. + = v66r, SB en boyen G

BOOLG = O indien wordt gerekend met opgegeven

golfàmpii.tudè, anders met golfhel1ling

GOLF' golfampl;itude n m' ats BOÓLG 0, anders

max. golfhelling in radialen.

kaart no. 6

I.,

-

jj

Il

=

=

-

aantal secties (max. 31)

aantal secties, dat midscheeps aan elkaar

geiijk is (minimaal 1)

kot I'2, i.,

kot 1 1-1 2,

kot 21-22,

kol 31-32,

1,

i,,

RR

MN

= aantal ontmoetingsfrequenties. (Máx. 5)

aanta1 goifhoeken (max. 7); kopgoiven

= 1800

kot 41-42, I,

kot 51-52,, I,

-

VV

SS

=

=

aantal (stroom) sneiheden (max. 6)

aantal punten waarvoor relatieve bçwegingen

en versneli.ingen 'berekend worden (maxo 7)



kaart no. 13

kaart no. 1.4 a,b

kai i-10, FL,

kai .71-80,. FL,

kaart no. 15

kol i, I,

o
kaart no. 1 8 a,----f

ko.l 1-12, FL,

kai 13-24, FL,

kol 6i!72 FL,

- 1.2 -

kai J, I, DELTAP = 0 indien geen visceuze massa word.t

ingevoerd,, anders -1

DELP44 = totale extra massa per. frequentie (max. 1.5)

indIen DELTAP -I, anders vervaIt kaart

'14 a,b

DELTAQ = O indien geen visceuze demping wordt

ingevoerd, anders -1

kaart no. 1.6 a, b

kai i-IO, FL, DELQ44 totale extrademping per f.requentie

O (max. 15) indien DE'LTAQ =-1, anders

vervalt kaart 16 a,b

kol 71-80, FL,

N.B. Aangeraden wordt .geen extraviscèuze- massa of demping. in. .te voeren: als

kimkiel in rekening wordt gebracht.

kaart no. 17

kai, 1,6,11,--56, .i, BOOLP = 1 voor vol'l'edige uitvoer, anders ge-

r

dee.iteiijk (indien kai :26-56. 0 worden

a1.ieèn de hydrodynamische cof:ficinten

uitgèvôerd;; indien kol 1;6 I kaartuit-

voer)

HRR' krchtên op eventuele ankerlinen

kaart no.. 19 a,b,c .

kol i-io;,, FL, X0 = langscheepse positie van de ordinaten

kol 11120, FL, to.v. L/2 in meters (ächter negatief)

kôl 7I-80, FL,

Hierna kamt de kaartuitvoer van SMO2 ais weergegeven ander 2.3.1.

3.3. Kaart- en programmauitvoer van SMO3.

De kaartuitvoer van SMO3 kan direct gebruikt worden als gedeelteiijke invoer

van programma SMO4.1
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3.3.1. Kaartu.itvoer SM0.

De kaartuitvoer bestaat ach tereenvol gens uit:

kaart no. I

kol 1-80 Titel,, die boyen elke pagina van de uitvoer wordt

afgedrukt als veergegeven op kaart no.. I van de

invoer van SMO3 orider 3.2.

kaart no. 2 is geilijk aan kaart no. 2 van de invoer van SMO3 onder

3.2.

kaart no. 3

kol 1-Í2, FL, ZGG = verticale afstand van zwaartepunt (G)

t.o.v. WL (ondér -, boyen +)

kaart no. 4

kol i-5, I,

kol 6-10, 1,

kol 11-15, I,

kol 16-20', I,

IBE = aantalstroomhoeken (max. 5)

VV = aantai (stroorn)snelheden

MM = aantal golfhoeken (max. 7)

RR = aanta1 ontmoetingÑfrequénties (max.:15)

kaart no. 5

kol 1-4, I., NUM(2) = kaartnummner

kol 6-17,FL,, FR = sneiheid voigens getal van Fróude

kol 18-29, FL., BETA = stroomnhoek(en) in graden (voor schip

zonder koers- en gierhoek o.o)

kol 30-41, FL, MU = gol fhoek 'in radialen (0 voor achteräp-

koinende golven)

Daarna voor elke sneiheid, eilke s;troomhoek en elke frequentie de' volgende

3 kaarten:

kaart no. 6

kol 1-4, I, NiJM(2) = kaartnuimner

kol 6-17, FL, XA = amplitude van de schrikbeweging

kol 18-29, FL, YA = amplitude van de verzetbeweging

kol 30-41, 'FL, ZA = amplitude van de dompbeweging

kol 42-53, FL, PRIA = amplitude van de slingerbeweging in

radï. alen

kol 54-65, FL, THA = amplitude van' de starnpbeweging in

radialen

kol 66-77, FL, PSIA = amplitude van de gierbeweging in

radialen
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kaar.t no. 7
kol 1-4., I, NUM(2) = kaartnúrnnier

kol 6-17,, FL, EPSXZ = fasehoek van de schrikbeweging
in graden

kol 18-29, FL, EPSYZ = fasehoek van de verzetbeweging in
- graden

kol 30-41, FL. EPSZZ = f asehoek van de dompbeweging in

graden

kai 42-53, FL, EPSPHIZ fasehoek van de slingerbeweging
in graden

kol 54-65, FL, EPSTHZ = fasehôek van de stampbeweging in
graden

kol 66-77, FL, EPSRSIZ fasehoek van de gierbeweging in
graden

kaart no.8
kol 1_4, I,
kol 6-17,, FL,
kol 18-29, FL,
kol 30-41., FL,
kai 42-53,, FL,

NTJM(2) = k'aartnummer.

DRFO = driftkracht
DRMO = driftmornemt

OMEGA. = goiffrequentie
0NEGAE: otïtnioetngsfrequentie

3. 3.2. Prraumiauitvoèr van SM03.

Indien er max. 15 frequenties en i stroomboek worden beschouwd', geven de

eerste 13 pagina's de kaartuitvoer vanSNO2 als voigt weer:
Per sectie wordt eerst afgedrukt:

secti'enummer

Xci = afstand van de sectie t.o.v. L/2 (vcr positief)
OPP = sectie-oppervÏak

IB = halve breedte van de sectie op de W.L.
OB = de ligging van bet drukkingspunt t.o.v. de waterlijn

Daarna worden per 'sectie, frequentie en strooinhoek de volgende gegevens
afgedrukt

NUN frequentienummer

AYY(R), =, toegevoegde massa bij verzetten
BYY(R) = demping bij verzetten
AZZ(R) = toegevoegde massa bu dompen

BZZ(R) = deinping bij donipen

ARR(R) = töegevoegde massa bijslingeren
BRR(R) = demping bij slingeren

ç-)



pagina 3'

en 4

AROLLY(R) =

BROLLY(R) =

TTSTER()

DR IF T'F '( R)

EPS Z (R)

EPSY(R)

EPSR(R)
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massa-koppeling van verzetten in slingeren

dempings-koppeling van verzetten in slingeren

= effectieve diepgang van

= driftkracht

= faseverschil

= faseverschil

= faseverschil

in graden van

in graden van

in graden van

de sectie

dompen

verzetten

slingeren }

me t

golf

Na het afdrukken van de kaartuitvoer van SMO2 volgen de resultaten van

SMO3, als volgt:

pagina I : 1. de titel als veergegeven op invoerkaatt I.

de aIgemene scheepsgegevens

de hyd:rostatische cofficinten

pagina 2 : I de titel als weergegeven op invoerkaart I

de hydrodynamische cofficinten voorschrikken., dompen en

stampen per :ontmoetingsfrequentie

de d:imensieloze hydrodynamische cofficinten voor .schrikken,

dompen en stamperi per ontmoetingsírequentie

pagina 5 1. de titel als weergegeven op invoerkaart i

2. per ontmoetingsfrequentie voor de ingevoerde snelheid

de algemene golfgegevens.

pagina 6 : I!. de titel als weergegeven op invoerkaart I

2. per ontmoetingsfrequentie de golfkrachten voor het schriikken

(XXA) met bijbehorende fasehoek (EPSXZ)

pagina 7 I. de titelais weergegeven op invoerka'art I

2. per ontmoetingsfrequentie de golfkrachten, en -momenten voor

resp. het dompen (ZZA) en bet stampen (l1A) met bibehorende

fas.ehoek (EPSZZ resp. EPSMZ)

pagi'na.8 : I. de titel ais weergegeven op invoerkaart I.

2. per ontmcetingsfrequentie dé golfkrachten en momenten voor

resp. het verzetten (YAA) en bet gieren (NNA) met bijbehorende

fasehoek (EPSYZ resp EPSNZ).

I. de titel als weergegeven op invoerkaart I

de 'hydrodynamische cofficinten voor verzetten, slingeren

en gieren per ontmoetingsfrequentie

de dimensieloze hydrodynamische cofficïnten voo:r verzetten,

slingéren, en gieren per ontmôetingsfreqùentie
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pagina 9 : I. de titel als weergegeven op invoerkaart .1

2. per ontmoetingsfrequent±e de golfmomenten voor het slingeren

(KKA) met bijbehorénde fàsehoek' EPSKZ)

pagina IO : I.. de titel als weergegeven op invoerkaart I

2. per ontmoetingsfrequentie de driftkracht en 'het driftmomen,t

op het vas tgehouden schip

pagina l'i :1. de titel als weerge.geven op invoerkaart I

2.. per .ontmoetingà.frequentie de schrikamplitude (XA) en fase

(EPSXZ) en de driftkracht en bet driftmoment op het v.rij

oscill'erende schip

pagina 12 1 de titel als weergegeven op in.voerkaart 'I

2 per ontmoetingsfrequentie de domp- en stampampiitud'e

<resp. ZA en THA) met bij'behorende fasehoeken (resp.

EPSZZ en EPS.THZ)

pagina 13 : I de. titel als weergegeven op invoerkaar,t I

2. per on.tmoetingsfrequéntie dè verzet- 'en giérarnp'iitude

(resp. YA en PSZA) met bij'behorende fasehoeken (EPSYZ en

EP SP S Z )

pagina 14 : I. de titel als. weergegeven' op invoerkaart 1:

.2.. per on'tmoeti.ngsfrequentie d'e. slingerampli.tude .(PHIA) met

bij.behorende fa'sehoek '(EPSPHiZ).

De vol'gende. pagina's geven voor elk punt. P waarvoor. de rela:tieve bewegingen

en de versnellingen 'berekend moeten worden bet volge'nde weèr:

pagina I 5a:. 1. de titel als weergegeven p invoerkaart I

2. de positie van het punt P'

3' per ontmoetings:frequentie.:

de verp'laatsingen vén he.t punt P in X,, Y en Z richting

'de verticale rela,tieve sneiheid 'van he.t punt 'P t.o.v.

he.t wateroppe'rvÏak

e. de versnei.l.ingen van, bet punt P in X.,Y en Z richting

pagina 16a: 1. de titl als weergegeven op invo.erkaart i

de positie van het punt P

per ontmoetingsfrequentie de fasehoeken behorende b.ij de ver-

pliaa:tsingen vari het punt P in X, Y en .Z'rfchdìng en'bij de

verticale reiati'eve snelbeid vén dat punt.



Hierna voor elk in te voeren goifspectrum de volgende gegevens. op:

kaart no. 2 a,b,c---

kol 1-10, FL, HSIGN(K) = de significante golfhoogte

ko]. 11-20, FL, TAV(K) 'de gemiddelde. golfperi,ode

ko]. 21-30., I, MET(K) = méthode waarop de spectral'e.dicht-

3 = als alleen de s:ignificante golf-

hoogte in.gevoerd word't

Hierna voigt voor elk punt P waarvoor de. relatieve beweging .en de ver-

snellingen bér.ekend wordt:

kaart no. 3a, b,c,

ko.]. 1-10, FL,

kol 11-20, FL,

kol. 21-30, FL,
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4 Beschrijving van SMO4.

4.1. Aigemeen

Met behuip van de in programma SMO3 berekend responsefuncties worden,

voor bepaalde lin te voeren goIfspectra de gemiddeide en significante

van de bewegingen berekend [5].

De kaartuit-voer van progr.ammä SMO3 'kan ais een gedeelte van de kaartinvoer

van programma SMO4 worden gebruikt.

4.2.. Kaartinvoer SMO4.

Deze invoer bestaat uit de volgende kaarten::

kaart no. 1

Tenslotte. voigt de kaartuitvoer..van programma SMO2,, ais weergegevenonder

3. 3. 1.

heid voIgens Pierson

paald wordt
mo

= met T = 2
-r.

" \ 1mo
2 = met. T =

m2

XP(S.) '' ordinaat in ]iangsrichting van, punt p

(vo'or G =

YP(S) = idem. voor de ordinaat in dwarsrichting

(SB' = i-).

ZP'(S) = idem voor de ordinaat in hoogte

(boyen G

- Moskow.itz be-

ko]. 1-10, I, SS ' a'antaI punten waarvoor de relatieve be-

wegingen en versneliingen berekend dienen

te worden

kol 11-20, 1, KK = aantal goifspectra, dat ingevoerd wordt
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4.3.Prograinmauitvoer van SMO4.

De prograxnmauitvoer van SMO4.bestaat uit de volgende pagina's:

pagina I .1.. titel ais weergegevén op invoerkaart i van SMO3

2.. sne eid voigens Froude, stroom- en golfrichting

3,. scheepsIengte, -breedte, diepgang v66r en achter en de

waterverpiaatsing

4. de X- en Z-ordinaat van de punten P, waarvoor de relatieve

beweging en de versnellingenberekend worden.

Voor elk goïfsp.ectrum voigt nu:

pagina 2 : I. titel als weergegeven op invoerkaart I van SMO3

sneihed volgens Froude, stroom- engolfrichting

per ontmoetingsfrequentie de spectrale dich,theid van:

XX - het schrikken

YY - het verzetten

ZZ - het dompen

PHI - het slingeren

THA het stampen

PSI - het gieren

pagina 3 : I. titel als weergegeven op invoerkaärt 1 van SMO3

2. sneiheid voigens Froude, strootu- en golfrichting

3. per ontmoetingsfrequentie de spectrale dichtheid van:

ZTA - de golfhoogte

DFLS- de driftkracht

DMLS- het driftmoment

YPI de verzetbeweging van punt PI

ZPI - de dompbeweging van punt Pl

SPI - de relatieve beweging t. o. y. het wateropperviak van

punt Pif

Volgende pagina's bevatten de spectrale dichtheid per ontmoetingsfrequentie

van de verzet-, domp- en relatieve beweging van punt 1,2 etc.

Daarna volgtvóor elk golfspectrum:

pagina 4

of 5 : I. titel als weergegeven op invoerkaart I van SMO3

sneiheid volgens Froude, stroom- en golfrichting

de significante golfhoogte en gemiddeide periode van het

beschouwde golfspectrum

daarna volgen voor de bewegingen en krachten per kanaal:



4. Het kan van belang zijn orn bet "LOMO"-programina te activeren en de resul-

taten te vergeïijken met ht"SM'-rogranna. Het ttLOMOttrogranuña gef:t
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L
MO

MI momeúten van bet spectrum

M2

4cSRThO = de significaitègo1fhoogte

2PIRThO/M2 de gemiddelde gô.lfperiode

2P1MO/MI = de gemiddeide goïfperiode

Hierbij geef't kanaal:

- het schrikken

2 - het verzetten

3 - het dompen

4 - bet slingeren

5 - het stampen

6 - het gieren

7 - de absolute horLzontale beweging van punt I

8 - de absolute vertïcal.e beweging: van punt I

9 - de relatieve beweging t.o.v. het wateropperviak'van

punt I

IO de absolute horizontale bewe.ging van punt 2

etc.

De iaatste drie kanalen geven de driftkracht, het driftinoment

en de goifhoogte.

5. Aanbevéiingen

Met betrekking tot een verdere ontwikkeling van het beschreven scheeps-

bewegingen-programma voor 6 graden van vrijheid worden de volgende aan-

bevelingen van belang geacht:

I. De slingerdemping van zowel schip äls kimkieién beter te bepalen mede

door vergeiijking met gemeten resultaten.

Voor het berekenen van de schrikbeweging dient een andere methode opge-

steid en ingevoerd te worden. Vergeiijking met metingen ±s ook hier-

voor beiangrijk, vooral in achteropkomend:e goiven.

De golfkrachten en -momenten ais weergegeven. in [2] dienen gecontroleerd'

te worden.



o
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aïs extra de buigende momentén en dwarskrachten in verticale en,hori-

zontale richting.

Vooral voor achteropkomende goiven dient het aantal frequenties

opgevoerd te worden boyen het huidige aantal van 15.

De kaartuitvoer van SMO3 voor achteropkornende golven zal zodanig inoeten

zijn, dat het gehele goifspectrumbestreken wordt

De kaartuitvoer van SM-16 (LOMO 1) dient geschikt gemaakt te worden voor

invoer van SMO2.

Het gedeelte van het programma van SMI6 (LOMO 1), dat de getransformeerde

spanten plôt,zai verbeterd moeten worden.

De in SMI6 ingebouwde methode van Frank dient voor verschillende spant-

vormen gecontroleerd te wotden.

FO. Het is van belang de driftkrachten en toegevoegde weerstand zoals die in
o

het programma berekend wordt te c:ontroleren en voor O en 180 te verge-

lij.ken met de resultâten van "TRIAL"

¡ I. in de toekomst moe:t 2het mogelijk zijn orn ook andere spectra (bijv. ook

gemeten golf spectra) in te voeren..
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BOTFOM IMPACT PRESSURES DUE TO FORCED OSCILLATION

by

W. Beukelman.'

Abstract

Forced oscillation tests about the water surface have been carried out witha segmented ship model to measure
slamming pressureson two segments.
A calculation procedure based on a two-dimensional approach has been proposed.
These analytical results, together with those of other theories have been compared with the measurements.
The results of the proposed calculation method proved to be rather satisfactory.

1. Introduction

The literature about tests and theories on slamming
is rather extensive.
In most of the experiments, the object was to find a
relation between the vertical impact velocity and the
maximum slam pressure É I .2,, 3, 4, 5, 61. A general
form for this relation is presented by Margaret Ochi
and José Bonilla-Norat in [3J as

pkv'
where:

p = the impact pressure
y = the impact velocity
k and n are constants.

Experimentally, these authors found that the pres-
suret is proportional to the square of the velocity at
impact and that the proportionality constañt k is de-
pendent on the sectiOn shape. Others like Takezawa et
al., M.K. Ochi, L.E. Motter [1, 2, 7] used a similar
relation,

p=½pk1v2

and established experimentally the coefficient k1 of
the impact pressure dependent on the position con-
sidered as a flat bottom or stem front. For the pres-
sure distribution on the surface of a wedge.shaped
body the authors used the well-known formula of
Wagner [:8J.
Remarkable model test results, together with theore-
tical results, are presented by P. Kaplan et al [91 for
the case ofbow slamming of SES craft in waves
Most frequently used up to now is the procedure in-
troduced by Tick. [1 O} and Ochi [4] with respect to
bottom impact slamming. After some evaluations,
Ochi et al (4, 11) stated two conditions required for
bottom impact slamming to occur viz.:

a. bow (fore foot) emergence
b a certain magnitude of relative velocity between

wave and ship bow.
) Report479 P.

) Delit Universily of Technology1 Ship Hydrornechanics. Laboratory,
Delft, The Netherlands.

The critical relative velocity below which slamming
does not occur is called the 'threshold velocity', de-
noted by v'.
Ochi showed. by tests on a Mariner model that the.
threshold velocity is nearly constant with an average
of I 2 fps for a ship of 520 ft length. Aertssen ( I 2J
advised that the threshold value should be 50 percent
greater for the Mariner, that is I 8 fps. Mostly the thres-
hold, velocity according to Ochi is accepted with an
appropriate Froude scaling law for ships of different
lengths.

To analyse the problem experimentally a series of
drop tests with a flat plàte [13, 14]' ora wedge [7, 15,
16, 171 have been executed. Very often, the behaviotir
of the air layer between the falling body and' the water.
surface has been taken into consideration ['13, 1.8, 19.,,
20].
Chuang [211 showed that the effect of this corn pres-
sible air causes a remarkable reduction of the acoustic
pressure, which is frequently assumed.
Mathematical models have been developed to describe
the cushioning effect of the air between the descending
body and the water surface for instance by Verhagen
[13.1 and Greenberg [20]. The predictions of' Verha-
gen showed good agreement with experimental results.
It is, however, rather complicated to apply these theo-
ries to the real problem of ship bottom impact because
no account is taken of forward speed or of the three-
dimensional flow caused 'by changes in the shape of
the Sections.

Model experiments in waves or full scale observa-
tions may statistically deliver rather gOod and useful
results ['1, 2,3,4,6, 12, 221, but do not give a deeper
insight in the phenomena slamming. This might be very
important for establishment ofdesign criteria.

Several' authors have tried to formülate mathema-
tical models describing, slamming [13, 2O 22, 23, 24,
25,26,27).
Thegreat majority of thém accepted the.rate:of change:
of 'the momentum' of the hull's added mass as the main
cause of the arise of slamming forces 'In 'this way they



found, that the maximum slamming pressure is indeed,
proportional to the squared relative vertiàal impact
velocity.

To calculate the hydrodynamic impact force, Kaplan
(241 made use of the well-known stripmethod, how-
ever, with a different way of treatment of the forward
speed influence.

Kaplan 124):, Ochi [6] and Lewison [22] also stated
that the slamming pressure is proportional to the rate
of change of the added mass with depth.
Stavovy and Chuang [26] determined slamming pres-
sures for fast ships by a method based on the Wagner
impact theory, the Chuang cone impact theory and ex-
periments.

They stated that slamming pressures acting normal to
the hull bottom may be separated into two compo-
nents.

L. the impact pressure due to the normal component
to the water surface of the relative velocity between
the impact surface and the wave.

2. the planing pressure due t the tangential compo-
nent to the water surface of the relative velocity
between the impact surface and the wave.

The planing pressure is usually small compared to the
impact pressûre.

In the present work it was the intention to inves-
tigate mainly bottom impact slamming. Tó know more
exactly the relationship between the vertical impact
velocity and slamming pressure a choice had been
made for experiments with a model forced oscillated
in still water.

The bottom in which several pressure gauges were
mounted was situated at or nar the watersurface.
The measurements of the maximum slamming pressure
have been compared with the results of some of the
discussed methods and with the results of a propòsed
calculation procedure.

2. Description of the experiments

The oscillation tests were carried out with a glass
fibre reinforced polyester ship model of the Todd
Series 60, CB 0.70 parent hull form. The same model
has been used in the past for experiments described in
[28). The main particulars of the model are sum-
marized in Table I. The model consisted of seven
separate segments connected to a continuous strong
box girder above the model, see Figure. 1..

For pure heaving without an angle between the bot-
tom and the water surface three pressure gauges A, B
and C were placed in therniddle segment (no. 4) and
three, D, E and F in segment no. 6 after the forward
one, as denoted in Figure 1.

Table 1

Main particulars of ship model

For pitching and heaving with an angle between the
bottom and the watersurface, all six pressure gauges
were mounted in segment no. 6. See also Figure 1.
Each of the segments with the pressure gauges was
connectéd to the box girder above the model by means
of a force dynarnometer. This provided a rough check

APP FPP
10

Segment 4

Q125

2258m

For pitch and
heave with On
ongle

segment6: AB
D.E,

Figure 1. Place of pressure gauges In the segments for the dif-
ferent modes of oscillation.

Length between perpendiculars (Le,,) 2.258 m
Breadth (B) 0.322 m
Draught (design)(fl 0.129 m
Draught (used for test condition) (T') 0.040 m
Volume of displacement (design) 0.0657 m3
Volume of displacement (tàst condition) 0.0.181 m3
Block coefficient (design) (C'B) 0.700
LCB forward of L,, /2 (design) 0.011 m
LCB forward of L/2 (test condition) 0.035 m

:--+-+ ff;
Ii j

Fore pure heave

segment £:A.Bj
ooi ooso OOaO DO'.' segment6DEF

Segment 6


