
Report No. 1 5 9 . 

LABORATORIUM VOOR 

SCHEEPSBOUWKUNDE 

T E C H N I S C H E H O G E S C H O O L DELFT 

UOIiPARISON OF" CALCÜTATED AND MEASURED HEAVING AND 

PITCHING MOTIONS OF A SERIES 6 0 , C g = . 7 0 SHIPMODEL 

IN REGULAR LONGITUDINAL WAVES. 

By P r o f o i r J o Gerritsma and W. BeukGlman» 

Prepared f o r the Seakceping Committee of 

the I n t e r n a t i o n a l Towing Tank Conference, 

Japan 1 9 6 6 . 



Goaparison of Calculated and Measured Heaving and P i t c h i n g Motions 

of a Series 6 0 , C„ = . 7 0 Ship Model i n Regular L o n g i t u d i n a l Waves. 

By P r o f . i r J, Gerritsma and W. Beukelmano 

lo I n t r o d u c t i o n o 

I n view of recomrtiendation 5 « 5 - of the Seakeeping Committee of the 

1 . T o T . C o 1 9 6 3 , the r e s u l t s of a motion t e s t i n regular l o n g i t u d i n a l 

waves are compared w i t h corresponding c a l c u l a t e d motions. 

I n t h i s r e p o r t the frequency c h a r a c t e r i s t i c s of the heaving and 

p i t c h i n g motion, as determined by the experiment and the c a l c u l a t i o n 

are given i n tab u l a r and g r a p h i c a l form to f a c i l i t a t e the comparison . 

2. The shipformo 

Experiment and c a l c u l a t i o n were c a r r i e d out f o r the Cg = , 7 0 parent 

form of the Series 6 0 , which i s described i n d e t a i l i n 

The main p a r t i c u l a r s o f the ship model, corresponding to t h i s s h i p -

f o r n , which was used f o r the experiments are given i n Table 1 . 

(See page 6 ) » 
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3 . Model t e s t s . 

3 . 1 . Experimental procedure. 

The experiments i n waves were c a r r i e d out w i t h a towed model, which 

was free to p i t c h , heave and surge but r e s t r a i n e d f o r r o l l , sway and yaw. 

A g r a v i t y type dynamometer w i t h a 1 : 5 r a t i o between towing force and 

towing weight provided an almost constant towing f o r c e , a c t i n g through 

the centre of g r a v i t y of the model. 

Pi t c h and heave, were measured by m i c r o - f r i c t i o n potentiometers, 

where a v e r t i c a l l y s l i d i n g r od, guided i n a l i g h t sub-carriage was used 

f o r reference. The wave height was measured about four meters i n f r o n t 

of the model w i t h a resistance type wave height meter. 

To determine the phase angles of the motions w i t h respect to the 

wave, the mean l o n g i t u d i n a l p o s i t i o n of the model f o r each run was read 

by eye from a l i n e a r scale attached to the towing c a r r i a g e . Due to the 

small surging motion i n head waves t h i s method i s s u f f i c i e n t l y accurate. 

Heave, p i t c h and wave were recorded on an UV recorder as a f u n c t i o n 

of time and the records were analysed f o r motion amplitudes and phase 

angles. 

The mean forward speed of the Diodel was obtained by measuring the 

speed of the towing carriage and by adding the r e l a t i v e speed of the 

sub carriage to which the model i a connected v i a the v e r t i c a l s l i d i n g 

rod. 

3 . 2 . Test c o n d i t i o n s . 

The motion t e s t s were c a r r i e d out f o r two wave heights and a wide 

range of forward speeds and wave lengths. A summary of the t e s t condi

t i o n s i s given i n Table 2» (See page 6)„ 

3 . 3 ° Experimental r e s u l t s . 

The wave i e defined by the v e r t i c a l displacement of the water sur

face at the midship s e c t i o n , assuming t h a t the surging motion i s zero. 

TI /^ve and the motions may then be described by: 

§ = ? cos/^J 14- k x ) - wave 

Q = 0 coBieo t + S^y,) - p i t c h 
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where the c i r c u l a r frequency of encounter follows from: 

03 = 0)+ ^ V 
e g 

The d e f i n i t i o n of wave and motions i s i l l u s t r a t e d i n Figure 1 . 

The t e s t r e s u l t s are given as dimensionless amplitude c h a r a c t e r i s t i c s 

(z f o r heave, 0 /k É! f o r p i t c h ) and phase angles (£ ^ Q W » » 
^ a ^ a a '-'a 

The experimental r e s u l t s are summarized i n Table 3 » (See page 7 ) , 

k. C a l c u l a t i o n of the heaving and p i t c h i n g motions. 

The equations of motion are: 

pgVï = F (heave) \ 

I Ö = M ( p i t c h ) J 
yy 

where: 

F =/(F; ^ F ^ F;)dx^ 

and: 

M = -ƒ (F; . F;. F; 

(2) 

3 ^ ^ ^ ^ b ; ( 3 ) 

By using the s t r i p theory and tak i n g i n t o account the e f f e c t of f o r 

ward speed 3» ̂ » 5 » 6 the f o l l o w i n g expressions f o r the s e c t i o n a l val

ues F' can be found. 

j ' 

o r : 

\ = - 2 p g y ^ ( z - x ^ O . ^ * ) 

F ' = - N ' ( i - x . © + V 9 - é * ) 

F^ = -m'(z-x^,ö + 2 V ê - § * ) + v | S - (£-x^ö + V Ö - j * ) J 

where 

yvy> - the l i a l f widthof the wa t e r l i n e 
t 

rn - the s e c t i o n a l added mass 
I 

N - the s e c t i o n a l damping c o e f f i c i e n t , 

^b ^ 
dz^) 



This may be w r i t t e n as: 

- k T 

where T i s determined from: 

- f ƒ 
kz. 

dz^) 

A numerical analysis of F- shows tha t T i s approximately equal to the 
2 Ax 

mean d r a f t of a s e c t i o n : ï = at l e a s t f o r the shipform under coasi-

d e r a t i o n . 

The equations of motion ( 2 ) are usually w r i t t e n i n the form of two 

coupled second order d i f f e r e n t i a l equations w i t h frequency dependent 

c o e f f i c i e n t s , namely: 
heave (a +p7)z + bz + c z - d © - e Ó - g O = F cos(W t 1 

\ . ^ * 1 ^ ( 5 ) 
p i t c h (A + I )8 + B © + C 0 - D z - E z - G z= M cos(Wt+£,,fa) 

yy a e f15 

Fi-om ( 1 ) , ( 2 ) and (3) i t fol l o w s t h a t : 

a = ƒ « dx, 

b = N' dx^ 

c = p g 

A = ƒ m' 

L 

B = / N * 

2 , 

^b '̂ b̂ 

d = ƒ m X, dx, 
L ^ ^ 

e = ƒ N' X^ dx^-Vm 
£1 

g = p g - Vb 

D = ƒ m' 
2 , ƒN' X^ dx^ + V: 

C = pg - VE G = j3 g S 

H 6 ) 

w 

and: 

l a ""^^^F^ 

J a ^ ^ " ^ F ^ 
= + 2 p g ƒ y^ e-^^* 

cos kx^ 

s i n kx^ ^^b 

- a ) ( a ) + k V) ƒ m' e"^*^ 
s i n ^ b 

dx^ + 

+W/N 
, . k T ' B i n k x ^ 
e , dx, . 

cos kx, b 
ii b 

( 7 ) 
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~" £ b cos kx^ b 

In the expressions (6) and (7) the s e c t i o n a l added masses m' and 

the s e c t i o n a l damping c o e f f i c i e n t s N' according to Tasai's method were 
r « 

usedj^TJ. I n t h i s method the cross-sections of the ship are approximated 

only by a two c o e f f i c i e n t transformation of the u n i t c i r c l e . 
The r e s u l t s of the c a l c u l a t i o n are given i n Table k. (See pages 8, 9, 

1 0 ) o 

3o Conclusions. 

For comparison purposes the experimental and calculated frequency cha

r a c t e r i s t i c s are p l o t t e d i n Figure 2 . Good agreement i s shown f o r the 

motion amplitudes and the phases of the motions, e s p e c i a l l y f o r the l a r 

ger wave-length/ship-length r a t i o ' s . 

The experiment shows a s a t i s f a c t o r y l i n e a r i t y of the motion i n the 

considered wave height range. 

The regions where water i s shipped on deck are in d i c a t e d i n Figure 2 

f o r the wave height. Also i n these regions the l i n e a r i t y as w e l l as 

the c a l c u l a t i o n i s s a t i s f a c t o r y . 

The r e s u l t s of e a r l i e r t e s t s w i t h a L^p = 2 . ^ 3 8 m model, as given i n "2 

agree very w e l l w i t h the present experiment i n which a greater range of 

wave lengths was considered. The new heave values are s l i g h t l y higher f o r 

wave lengths l a r g e r than 1 . 2 L. 
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Table 1 o Main p a r t i c u l a r s of the ship models 

Length between perpendiculars 2 . 2 5 8 m 

Length on the w a t e r l i n e 2 . 2 9 6 

Breadth . 5 2 2 m 

Draught . 1 2 9 

Volume of displacement . 0 6 5 7 

B l o c k c o e f f i c i e n t . 7 0 0 

C o e f f i c i e n t of mid l e n g t h section . 9 8 6 

Prismatic c o e f f i c i e n t . 7 1 0 

Waterplane area . 5 7 2 
2 

m 

Waterplane c o e f f i c i e n t . 7 8 5 

L o n g i t u d i n a l moment of i n e r t i a o f waterplane area . 1 6 8 5 m̂  

L o C o B , forward of L / 2 

Centre of e f f o r t of waterplane area a f t L /2 
PP 

Radius of g y r a t i o n 

, 0 1 1 

. 0 3 8 

m 

m 

L o C o B , forward of L / 2 

Centre of e f f o r t of waterplane area a f t L /2 
PP 

Radius of g y r a t i o n 
. 2 5 L . 

PP 

Table 2 o Test c o n d i t i o n s . 

Speed Fn = . 1 5 , . 2 0 , , 2 5 , . 3 0 . 

Hmve l e n g t h r a t i o ^ / L p p = . 6 , . 8 , 1 . 0 , 1 . 2 , 1 . 4 , 1 . 6 , 1 . 8 . 

Wave height 2 ^ a / L p ^ = 1 / 5 0 , l A O o 

„ 7 _ 
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Table 3 * 

Meaaursd heave and p i t c h frequency c h a r a c t e r i s t i c a . Series .6o, C = .70 . 

VL 
PP 

2§/L = 
a' PP l A o 2 ? / L = 1 / 5 0 

a PP 
VL 

PP "a/jTa e a «̂ a 

. 
II 

O o 6 

0 . 8 

1 « 0 

1 . 2 

l . i f 

1 o 6 

1 . 8 

4 . 9 3 

3 . 9 8 

3 . ^ 5 

3 . 0 7 

2 . 7 9 

2 . 5 7 

2 . 3 9 

0 . 1 2 2 

0 . 1 8 1 

0 - 8 1 8 

0 . 9 4 5 

0 . 8 8 0 

0 . 8 0 2 

O 0 8 7 5 

0 . 0 3 4 

0 , 2 3 1 

0 . 7 1 2 

1 . 0 6 3 

1 . 1 2 1 

1 . 1 3 2 

1 . 0 1 3 

- 3 7 * 

+ k 

- 4 

•»- 5 

+ 1 6 

+ 1 7 3 ' 

- 1 5 Ö 

- 1 2 7 

- 1 1 2 

- 1 0 5 

- 1 0 0 

- 1 5 0 * 

- 1 2 0 

- 1 3 1 

- 1 0 8 

- 1 1 0 

- 1 1 6 

0 . 1 3 5 

0 . 8 6 1 

1 . 0 3 0 

0 . 8 7 8 

0 . 9 0 5 

0 . 9 0 0 

0 . 2 1 1 

0 . 7 3 8 

1 . 1 1 7 

1 . 1 6 1 

1 . 1 9 8 

1 . 1 5 7 

- 5 0 * 

- 3 4 

+ 6 

+ 1 0 

+ 6 

0 

+ 1 5 5 ' 

- 1 5 8 

- 1 3 1 

- 1 1 6 

- 1 1 2 

- 1 2 0 

- 1 5 5 * 

-124 

- 1 3 7 

- r 1 2 6 

- 1 1 8 

- 1 2 0 

O 

« 

II 

c 

0 . 6 

0 . 8 

1 . 0 

1 c 2 

1 . 4 

1 „ 6 

1 o 8 

5 . 3 3 

4 . 3 8 

3 . 7 7 

3 . 3 4 

3 . 0 2 

2 . 7 7 

2 . 5 7 

0 . 0 8 1 

0 - 1 1 0 

0 . 6 2 6 

1 . 2 7 1 

1 . 2 2 8 

1 . 0 1 9 

1 . 0 0 2 

0 . 0 3 1 

0 . 1 7 5 

0 . 6 0 2 

1 . 0 3 1 

1 . 3 3 7 

1 . 2 2 0 

1 . 1 3 8 

- 5 6 * 

- 6 6 

- 2 0 

- 1 0 

+ 2 

+ 1 4 

+ 1 5 4 * 

- 1 7 8 

-144 

- 1 3 5 

- 1 1 6 

- 1 0 5 

- 1 5 0 * 

- 1 1 2 

-124 

- 1 2 5 

= i l 8 

- 1 1 9 

0 . 0 9 8 

0 . 7 4 1 

1 . 3 7 7 

1 . 2 3 8 

1 . 0 8 9 

1 . 0 2 3 

0 . 1 6 7 

0 . 6 3 8 

1 .o4o 

1 . 3 1 9 

1 o 3 4 4 

1 . 2 5 3 

- 5 1 * 

- 64 

- 2 2 

+ 6 

+ 6 

•»• 3 

+ 1 4 2 * 

- 1 8 0 

- 1 4 9 

- 1 2 8 

- 1 1 9 

- 1 2 0 

- 1 6 7 * 

- 1 1 6 

- 1 2 7 

- 1 3 4 

- 1 2 5 

- 1 2 3 

• 

II 

0 . 6 

0 . 8 

1 . 0 

1 . 2 

1 . +̂ 

1 „ 6 

1 . 8 

5 c 8 6 

4 . 7 7 

4 . 0 8 

3 . 6 0 

3 c 2 4 

2 . 9 7 

2 . 7 4 

0 . 0 6 2 

0 . 0 8 1 

0 . 4 7 3 

1 . 3 1 2 

1 . : " 7 8 

1 . 3 0 4 

1 . 1 6 5 

0 . 0 2 1 

0 , 1 5 8 

0 . 5 0 0 

0 . 9 7 9 

1 . 2 2 0 

1 . 2 9 5 

1 . 2 7 5 

- 7 1 ^ 

• 7 

- 42 

- 2 3 

- 3 

^ 9 

+ 1 3 7 » 

+ 1 6 2 * 

- 1 5 5 

- 1 4 4 

- 1 2 8 

- 1 1 2 

- 1 5 2 * 

- 1 0 1 

- 1 1 3 

- 1 2 1 

- 1 2 5 

- 1 2 1 

0 . 0 7 3 

0 . 5 4 2 

1 . 3 3 4 

1 . 6 8 9 

1 . i f 1 7 

1 . 2 0 0 

0 . 1 2 3 

0 . 5 2 6 

0 . 9 5 3 

1 . 2 8 3 

1 . 4 2 4 

1 . 3 7 8 

- 4 8 * 

- 8 6 

- 5 ^ 

- 2 1 

+ 1 

+ k 

+ 1 3 0 

+ 1 6 6 

- 1 6 6 

- 1 4 8 

- 1 2 8 

- 1 2 1 

+ 1 7 8 * 

- 1 0 8 

- 1 1 2 

- 1 2 7 

- 1 2 9 

- 1 2 5 

O 
K \ 

a 
II 

0 . 6 

O c 8 

1 . 0 

1 . 2 

1 . 4 

1 . 6 

i o 8 

6 . 3 8 

5 o l 6 

4 . 3 9 

3 . 8 6 

3 . ^ 7 

3 . 1 6 

2 . 9 2 

0 . 0 6 2 

0 . 0 7 1 

0 . 3 3 0 

1 . 1 3 5 

1 . 7 1 1 

1 . 6 0 2 

1 . 3 7 8 

0 . 0 1 2 

0 . 1 0 5 

0 . . 3 9 2 

0 . 9 3 8 

1 . 1 9 4 

1 . 3 1 1 

1 . 3 9 8 

- 7 0 * 

- 1 1 4 

- 8 1 

- 4 7 

- 2 0 

+ 2 

+ 1 2 8 * 

+ 1 4 0 * 

- 1 7 9 

- 1 5 2 

- I 4 l 

- 1 2 1 

- 1 6 2 * 

- 1 0 6 

- 9 8 

- 1 0 5 

- 1 2 1 

- 1 2 3 

0 . 0 5 7 

0 . 3 7 0 

1 . 1 4 3 

1 . 9 0 6 

1 - 8 5 2 

1 . 4 1 9 

0 . 0 9 5 

0 . 4 o 8 

0 . 8 8 7 

1 . 1 6 6 

1 . 3 4 8 

1 . 4 3 7 

- 66* 

- 9 8 

- 84 

- 4 5 

- 1 5 

+ 1 

+ 1 1 8 * 

+ 1 4 5 * 

+ 1 7 4 * 

- 1 6 0 

- 1 4 2 

- 1 2 6 

- 1 7 6 * 

- 1 1 7 

- 1 0 2 

= 1 1 5 

- 1 2 7 

- 1 2 7 

Phase angles are given i n degrees. An a s t e r i c i n d i c a t e s t h a t i n Figure 2 

the p l o t t e d phase angles were varied + 3 6 0 degrees f o r ease of p l o t t i n g , 
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Table ko 

Calculated heave and p i t c h frequency c h a r a c t e r i s t i c s Series 6 0 ; C g = . 7 0 . 

PP e* g 
z /v» e / k ^ 

a -'a 

. 6 0 3 . 2 4 . 3 9 6 - 0 1 7 + 1 1 0 - 1 2 - 1 2 2 

3 . 1 1 . 3 4 6 - 0 7 1 + 1 1 7 - 1 3 0 + 1 1 3 

3 . 0 0 . 2 7 8 . 1 5 4 + 1 1 8 - 1 2 8 + 1 1 4 

. 7 5 2 . 8 9 - 2 0 9 . 2 3 3 + 1 1 3 - 1 2 4 + 1 2 3 

, 8 0 2 . 8 0 . 1 5 2 . 3 0 5 + 9 8 = 1 2 0 + 1 4 2 

, 8 5 2 . 7 2 - 1 2 4 . 3 7 2 + 7 0 - 1 1 7 + 1 7 3 

II . 9 0 2 . 6 4 . 1 3 8 . ^ 3 0 + 4 0 - 1 1 4 - 1 5 4 

Ö 
. 9 5 2 . 5 7 . 1 7 9 - ^ 8 2 + 2 2 - 1 1 2 - 1 3 4 

1 . 0 0 2 . 5 1 . 2 2 7 . 5 2 8 + 1 3 - 1 1 0 - 1 2 3 

1 . 2 0 2 . 2 9 . 4 1 2 - 6 6 8 + 1 - 1 0 5 - 1 0 6 

1 .ifO 2 . 1 2 . 5 ' ^ 7 . 7 5 8 „ T - 1 0 2 - 1 0 1 

1 . 6 0 1 . 9 8 , 6 4 4 . 8 1 9 „ 2 - 1 0 0 - 9 8 

1 . 8 0 1 . 8 7 . 7 1 5 . 8 6 2 - 2 - 9 0 - 9 6 

. 6 0 4 . 9 3 . 1 0 1 . 0 3 9 

* 
+ 1 3 

K 
- 4 6 » 5 9 

. 6 5 4 . 5 6 . 1 2 7 , 0 3 0 
H 

+ 2 3 0 " - 2 3 

. 7 0 4 . 3 4 . 1 2 7 . 0 5 4 + 3 6 ' + 7 5 + 3 9 

. 7 5 4 . 1 5 . 0 8 8 . 1 3 0 + 5 9 * + 1 0 8 " + 4 9 

. 8 0 3 . 9 8 . 0 4 8 . 2 4 3 + 1 6 6 ^ * + 1 2 7 - 3 9 

l A 
, 3 5 3 . 8 3 . 2 1 0 . 3 8 9 - 1 2 8 + 1 4 5 - 8 7 

• 
II 

. 9 0 3 . 6 9 A^e • 5 3 5 - 1 0 2 + 1 6 1 ^ - 9 7 

Ci 3 . 5 6 - 6 9 3 , 6 5 8 - 8 1 + 1 7 6 - 1 0 3 Ci 

1 . 0 0 3 . 4 5 . 8 9 4 . 7 5 3 - 6 2 - 1 7 3 - 1 1 1 

1 . 2 0 3 . 0 7 1 , 0 5 1 1 . 0 0 4 - 1 4 - 1 4 2 - 1 2 8 

1 . ' + 0 2 . 7 9 - 9 2 6 1 . 0 5 6 - 3 - 1 2 ^ + - 1 2 1 

1 . 6 0 2 . 5 7 . 8 9 5 1 . 0 6 0 - 2 - 1 1 5 - 1 1 3 

1 . 8 0 2 . 3 9 , 9 0 1 1 . 0 5 7 - 2 - 1 1 0 - 1 0 8 

/'hfjse angles are given i n degreeso 



Table k continued. 

Calculated heave and p i t c h frequency c h a r a c t e r i s t i c s Series 6 0 ; C 

I, 
PP 

z 
a ''a 

. 6 0 5 . . 3 3 . 0 6 9 . 0 3 2 + 6 - 5 8 * - 64 

. 6 5 5 . o 4 . 0 9 0 . 0 2 6 + 1 5 - 2 9 " - 4 4 

. 7 0 4 . 7 9 . 0 9 7 . 0 2 9 + 2 5 ' ' + 41^' + 1 6 

. 7 5 4 . 5 7 . 0 8 6 . 0 6 9 + 4 0 " + 84* + 4 4 

. 8 0 4 . 3 8 . 0 3 6 . 1 3 7 + 4 7 + 1 0 3 * + 5 6 

O 
O J 

„:> . 4 . 2 0 . 0 8 6 .246 + 1 7 2 + 1 1 8 * - 5 4 

11 . 9 0 4 . 0 4 . 2 3 0 . 3 8 3 - 1 5 4 
* 

+ 1 3 1 - 7 5 

c 
Cm 

3 . 8 9 . 4 4 7 . 5 4 3 - 1 3 2 +145* - 8 3 

1 . 0 0 3 . 7 7 . 7 0 9 . 6 9 7 - 1 1 2 + 1 6 0 * - 8 8 

1 . 2 0 3 . 3 4 1 . 4 1 2 . 9 8 8 - 46 - 1 5 9 - 1 1 3 

3 . 0 2 1 o 2 8 9 1 0 I 2 9 - 1 4 - 1 3 8 -124 

1 . 6 0 2 . 7 7 1 . 1 0 8 1 . 1 5 1 - 5 =-124 - 1 1 9 

1 . 8 0 2 . 5 7 1 . 1 3 2 1 . 1 3 6 - 3 - 1 1 6 - 1 1 3 

. 6 0 5 . 8 6 0O49 . 0 2 7 + 2 - 6 6 - 6 8 

. 6 5 5 , 5 3 . 0 6 7 . 0 2 4 + 1 0 - 46" ^ 3 6 

. 7 0 5.24 . 0 7 7 . 0 1 9 + 1 8 " ^ 7 " - 1 1 

. 7 5 4 . 9 9 . 0 7 4 . 0 3 9 + 2 9 ^ + 6 6 * " + 3 7 

. 8 0 4 . 7 7 . 0 5 8 . 0 8 3 + 5 1 + 8 8 " + 3 7 

ir\ 
f \ l 

. 8 5 4 . 5 7 . 0 4 8 . 1 5 1 +114* + 1 0 1 " - 1 3 

II 
. 9 0 4 . 3 9 . 1 0 8 . 2 4 5 + 1 7 1 + 1 1 1 " - 6 0 

Ö 
r-

. 9 5 ^ . 2 3 . 2 3 4 . 3 6 9 - 1 6 6 + 1 2 1 " - 7 3 

1 . 0 0 4 . 0 8 . 4 1 7 . 5 2 1 - 1 5 0 + 1 3 2 * - 7 8 

1 . 2 0 3 . 6 0 1 . 4 4 5 1 , 0 5 4 - 8 3 - 1 7 4 - 9 1 

1 . 4 0 3.24 10662 1 . 0 9 6 - 3 6 - 1 4 9 - 1 1 3 

1 . 6 0 2 . 9 7 1 . 4 3 2 1 . 1 8 3 - 1 3 5 - 1 2 1 

1 0 8 0 2 . 7 4 1 . 2 3 6 1 . 1 9 6 - 6 -124 - 1 1 8 



- 1 0 -

Table k continued. 

Calculated heave and p i t c h frequency c h a r a c t e r i s t i c s Series 6 0 ; C = . 7 0 , 

VL 
PP 

2 

a 'a 

, 6 0 6 . 3 8 - 0 3 7 ,024 
It 

- 1 - 7 2 - 7 1 

. 6 5 6 . 0 1 . 0 5 3 .022 + 6 * - 5 7 " - 6 3 

. 7 0 5 . 6 9 . 0 6 2 . 0 1 7 + 1 3 - 21 - 3 4 

. 7 5 5 . 4 1 . 0 6 4 . 0 2 3 + 2 2 " + 4 5 + 2 3 

. 8 0 5 . 1 6 . 0 5 5 . 0 5 1 ^ 3 7 * ^ + 3 9 

o 
. 8 5 4 . 9 4 .o4o . 0 9 7 + 7 4 -t- 9 0 * + 1 6 

II 
4 . 7 4 . 0 5 6 . 1 6 1 • t - 1 3 9 * + 1 0 0 * - 39 

i . 9 5 4 . 5 6 •>124 -246 + 1 7 2 * * 
M 

+ 1 0 7 - 6 5 

1 . 0 0 4 . 3 9 . 2 3 2 . 3 5 5 - 1 7 2 + 1 1 5 * = 7 3 

1 . 2 0 3 . 8 6 1 , 1 8 8 1.043 - 1 1 8 + 1 6 0 * - 8 2 

1 AO 3 . 4 7 1.846 1 0 I 9 1 - 6 1 - 1 5 5 - 9 4 

1 . 6 0 5 . 1 6 1 . 7 5 4 1 . 1 3 0 - 2 9 - 1 4 2 - 1 1 1 " 

1 . 8 0 2.92 i . 5 1 0 1 . 1 9 0 - 1 3 - 1 3 2 - 1 1 9 

. 1 1 -
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7 » Noaenclature. 

- C o e f f i c i e n t s of the equations of motion f o r heave and p i t c h . a b c d e g 

A BC DEG 

!' ^ - Area of waterplane. 

A^ - Area of cross-section. 

Cg - B l o c k c o e f f i c i e n t . 

- T o t a l force on ship 

I I • 

^T » ^ 2'^3 ~ ^®c*io'ial hydromechanical forces, 

- Wave force amplitude on r e s t r a i n e d ship. 

- Froude number. 

a 
V 

pp 

^ - Acceleration due to g r a v i t y . 

I - Lon g i t u d i n a l moment of i n e r t i a of vmterplane area w i t h 
w 

w i t h respect to the y^ a x i s . 

I - Real moment of i n e r t i a of ship. 

k = — ^ - Wave number. 

Lpp - Length between perpendiculars. 

M - T o t a l moment on ship. 

- Wave moment amplitude on r e s t r a i n e d ship. 

m' - Sectional added mass. 

N' - Sectional damping c o e f f i c i e n t . 

Ŝ  - S t a t i c a l moment of waterplane area. 

t - Time, 

T - Draught of ship. 

V - Speed of ship 

^b'^b ̂ b ^^Sht~^anded body axis system. 

y^(x) - Half width of designed w a t e r l i n e . 

z - Heave displacement. 

z - Heave amplitude. 

a 

£ - Phase angle betv/een the motions ( f o r c e s , moments) and 

waves. 
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Instantaneous wave e l e v a t i o n . 

Wave amplitude. 

P i t c h angle. 

P i t c h aaplitudeo 

Wave le n g f h . 

Density of water. 

Displacement volume. 

C i r c u l a r frequency. 

C i r c u l a r frequency of encount 



w a v e - ^ = ^aCoslkxQ+oit) t.o.v. XQ ZQ 

^ =^2^cos(a)e t) t.o.v. x y z . x = o 

heave - 2 = 2̂  cos (ü)e t + C z ^ ) 

p i t c h - e= 0acos (u)et + e9^ ) 

Figure 1 Definition of wave and motions 
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FIGURE 2a CALCULATED AND MEASURED A M P L I T U D E - AND PHASE CHARACTERISTICS FOR 

HEAVE AND PITCH. SIXTY SERIES C =.70, F n = . 15 AND Fn=.20 




