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1. Purpose or the investigation 

The rolling proparties or a Catamaran are largely affected 
by the distance between the hulls. This degree or !reedom 
in the design makes a Catamaran configuration attractive 
for vehicles which are to have good seakeeping qualities. 
In order to obtain some insight .into the possibilities 
of a Catamaran configuratio~ for a seaplane, tests were 
performed with a model in head, bow and beam seas. During 
these tests the distance between the hulls and the hei~t 
or the centre of gravity were varied. 

2. General considerations. 

The model of the seaplane was tested in the Seakeeping 
Laboratory of the lf .,_ {L.il DS oHIP ' ODEL .:3,~SIN • 
It would have been desirable to use a model with six 
deerees or freedom, but that would require an autopilot 
in order to keep the model on it~ track. 
Because of weight considerations it was decided to 
suffice with only three degrees of rreedo~ tor the model. 
In terms normally Uded in naval architecture, (see Figure 4) 1 

they are: heave, pitch and roll. 
This restriction may be ot importance to~ the behaviour 
ot the model in beam and oblique seas. 
In order to compensate for the lack ot information caused 
by restricting aome ot the motions the exciting torcea were 
measured tor surge and sway together with the yawin3 moment. 

r 
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3, Description of the model. 

The main characteristics o! the model used during the tests 

are given in the Figure a 1 , 2 and 3 and in Table I. '.rhe 

detailed lines of the hulls of th~ seaplane are given in the 

enclosed drawing No. M3042-2. 
The moat remarkable features ot the hulls are a deadrise anBle 

ot 60° and a length-beam ratio or 25. These values ar·e expected 

to give the vehicle a tavourablebehaviour in head seas.However, 

no111Yestigation1 were performed to ju1t1t1 the choice ot these 
values. 

4. Teat procedure, 

1~.1.General, ' 

The forward speed of the model was provided by the towing 

caniage. The connection between the model and the to 1ing 

carriage cousisted ot an apparatus which leaves the model 

tree to heava, pitch and roll. It enabled the measurement of 

these motions by means ot potentiometera,see drawing no. 

C 15-212-3-100485, The resistance, sway forces !orward and 

·aft were determined by means ot strain gauge balances. 

In Figure 5 the locations are shown wh11re the measurements 

were made. 

4.2,Test programme. 

A review ot the performed teats, is given in the Tables II, III 

and IV. 1'he test programma can be devided into t hree parts. 

a. Smooth water tests, 
During the tests in smooth water the resistance and t he roll,.. 

pitch- and heave- extinction curves were easured at the 
-1 

tollowing lpeed1: o, 31. , .~.5, and 4 1 0 m. sec • The r esults 

of t:1eoe tests are iven in the i f:!)-ures ,. t hrour;h 20 . 
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b. Teats in regular beam a~a_at...!_ 

During these tests the wave heiBht was kept constant 
at 40 mm measured trom through to crest. The teats were 
performed at zero speed and in the speedrange between 
'2 -

1 1 h ~.o and 4.0 m. sec • The resu ts are given int e 
Figures 22 through 47. 

c. Tests ln regular head and bow aeae:., . 

I 

I In part "a" and part "b" ot the teat programme the distance 
between tl,e hulls a.nd the height ot the centre ot gravity 
were varied. For those values, which give the model the 
most favourable behaviour in beam Geaa, teats were 
p~r!ormed in head and bow seas. gain, the wave height 
was kept constant at 40 mm measured trott through to crest. 
In order to have a check on the linearity of the 
measured phenomena, th~ tests in bow seas have been 
repeated with a wave neight or 80 mm. 'The result1 of the 
tests are given in the Figures 48 through ?4. 
During the tests eare has been taken that the range 
or wave lengths in which the model was investigated in-. 
eluded the natural frequencies ot the three model of 
freedom or the model. The length or the shortest waves 
which can be generated in the Seakeeping Laboratory 
determined that only tests in head, bow and b•m •••• 
could be performed in resonance condition,. 
It would have been desirable to extend the range ot wave 
lengths in which the model waa tested in auoh a way that 
it included the conditions in which the: exciting roll 
moments are lar e. This demands w vea with a length o! the 
order or the distance between the hulls of ·the seaplane, 
which could not be generated unfortunately. 

4,3.Detinltiona. 

The detinitiona of the terminology used tor motions due to 
the wave action (pitch, yaw, ro 1, he ve, surge· and sway) 
are given in Fi ure 4. 

,. 
I 
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' he definition used £or the wave direction is given in 
Figure 21. ,.,he phase lag is determined with respect to 
the wave height at the •entre or gravity of the vehicle. 

5. The r•~~orded data, 

'l'he figures 6 through ?4 ar -~ graphical representations of 
the moat characteristic data recorded. 
The given values apply the model, the dat a were not 
extrapolated to tull scale. since the modelso ale is unknown. 
Motions, forces and moments are in general characterized 
by a mean value and a periodic oscillation round that mean. 
The periodic oscillationb as shown are double amplitudes. 
The mean values are ~iven as the dit!erence with respect 
to the stationary condition at zero speed in smooth w· ter. 
In general the test results appeared to be reproducible in 
a satisfactory manner. Onl~ in short beam flt.a• when the 
lateral torces are high the measurements show a tendency 
to scatter. '.l'hl.s is caused by the measuring apparatus which 
connected the model with the towing carr!9.ge. \"/hen the 
lateral torces were high the model was now and then 
restrained in its motions because the airlubricated bearings 
were overloaded which resulted in metallic contact between 
the vertical ro4 .. • and the guiding or the measuring apparatus. 
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6. Discussion of the results, 

a . smooth water 'behaviour, 

During the experiments at speeds between 3.0 .and 4.0 •••eo-1 
the tlow at the step1 of the Seaplane was obae~d to be 

i smooth. The Figur&s? and 8 indicate, that the lifting force on the model due to plan~ng is still very small. 

I 

Thia suggests that the model was not in the planing condition yet, but might be near it. 
The extinction curves in the Figure& 9 thrbugh 20 ahow that at 

I I • •' zero speed the roll, heave and pitch motions, were only ,slightly d&lllped ot apecially when the mot~n• .are small. 
These curv1s also show an important mutual intluenoe bnween the hulls. 
When the dist&.J),ce between the hulls is decreased the dallping becomes less. Thia is especially valid tor roll and pitch, and to a lesser degree also tor heave. In the,' sp,edrange troa 3.0 to 4.C m.aec-1, wh.-n the flow condition aro1Ul4 the hull• ba• . changed, the da.mping appeared to be increased onnsiderabl.y. The mutual influence ot the hulls seeu to be reduce~, but ia still present. 

' During the extinction tests .the coupling between roll, pitch and heave appeared to be important. Aa could be expected the dintance between the hulls arrect the natval roll ,period• 
I largely. 

The extinction .curve• indicate that the ~tural perSod.• or the mpdel are not much a.!!ected by the forward •peed., 

b • .8ehav1our 1p bey 19aa1 

Aa could be expected trom the foregoing, the motion~ ot ~he 
I Seaplane were strongly dependent Qt the distance between the hull a. ,\t zero epeed a long dietanoe between the hulls proved to be veey 'taTOUrable. fn the 1peedra13igt be1Jween ,.o a4 4.0 -1 m,eeo the ahorteat distance inveetigated waa alao taTourable with rtapect to motion.a and acceleration.a. Then,a distance between the hulls exists which gives the Catamaran the worst behaviour. 

I ' 

• 

t 
t 
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Leaving the shortest investigated distance between the hulls 
out of account, the intluence of the forward speed on roll and 
heave was small. The influence or the forward speed on the 
accelerationa at the wing-tipa was also rather small. The 
pitch motion• and the acc~lerationa or the hulls, on the contrary, 
inoreaae distinctly with increasing speed. A coupling between the 
ftl'ioua aoc\ea ot treedom is also present. 

' E.g. the h~ in Pigure 24 tor the heave motion in ?m waves 
probably originates from the rolling motion. 'l'b.ough leas 
distinct, auch humps are also present in ome of the other 
Pigurea. 

o. Ettect ot wave direction, 

.A.a could be expexted, roll fll:lplitudes and le..teral forces were 
largest in beu seas . . \t constant frequency ot encounter and 
conatant wave height, heave and pitch increase when the wave 
direction was va.~ied rrom 90 to 180 degrees. 
The•~• was observlll tor the accelerations ot the hulls and 
wing-tips. 
The ftl'iation or the resistance in head and bow seas was large. 
Therefore the surge motion or the vehicle is expected to be large 
also. 

d. Ettect ot wave height. 

The figures show that the motion and acceleration amplitudes are 
generally fairly linear with the wave hei~ht. The ·harmpnic part 
ot the resistance also shows a tair linearity. 
The wave• 1n which the model was investigated were rather long 
with respect to the modellength. These aspects give rise to t~e 
supposition that the measured harmonic part of the resistance 
consieta mainly of the horizontal component of the buoyancy force. 
The dit!erence between the mean resistance in waves and that in 
smooth water, to so ,called added resistance, is expected to be 
about proportional to the wavehei ght squared. 
Pig. 62 indicate that the measured added resistance is even less 
than proportional to the wavehei ht. Bee use this uantity is 
relatively small, the discrep ncy may partly be attributed to the 
inaccuracy o • the me . ureme rt s . 



NIDIILANDICN iCHIIPSIOUWICUNDIG ILi. 
PIOlfSTATtON WAGININGIN Repor'b •• !f o, 66- 086-Z'T, ?, 

' 
I -

7,Conclusiona, 

The behaviour o! the Catamaran in regular beu ~e•• wa1 beat 
1! the distance between the hulls was either ver, &hon Qr 

very long, The longest inveatigated diatano1 proYed to ·· ~ ' 
slightly better than the shortest, The natural freque•J•• 
in these two ca■es differed v•ry auch, 

I 

In some cases a atrcms coupling between roll, pitoh and heave 
occurred, 
The investigated changes in the height of tbe centre O! 
gravity did noi affect the behaviour of the vehicle, 
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Table I 1 

weight weight 
distribution distribution 

I II 

Dratt torward ?2 mm 72 mm 
Dratt att 83 mm 83 mm 

Displacement 8.26 kg 8.26 kg 

Longitudinal xadius o! ?() mm 739 mm 
gyration 
Height ot the C.G. above 
llase line 189 mm 224 mm 

' .. 
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Table II. 

Smooth water tests. -

Dist.ance 7e1ght Speed esulte given 
between distribution (m.sec-1) in 11gure no .. 
hulls 
( m ) 

0.20 I 3.0, 3.5, 6, ?, 8 
0.40 II 4 .0 6 , ?, 8 
0.70 II 6, 7, 8 
1.00 II 6, 7, 8 . 

' , 
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Table III. 

ExtinotioA tests, 

Teat no. Distance Veight Bpe~d Motior: Results 

between distribution (m.aee•1 ) uiven il 

hulls Ficure 
( Dl ) no. 

2186 0,20 I 0 roll 9 
218? " " II pitch 17 

2188 " " n heave 13 

2189 0.40 ti " roll 9 
2190 II II " pitch A17 

2191 " II ,, heave 13 

2192 0.70 II " roll 9 
' 

2193 " II II pitch 17 

2194 " II II heave 13 

2195 1.00 " II roll 9 
' 2196 II " " pitch 17 

2197 " ti " he · ve 13 I~ 

2198 0.20 • 1' 0 roll 9 _ , 

2199 II II " pitch 17 
' 

2200 II II " heave 13 . 
I. 

2201 0,40 " II roll 9 
2202 II II II pitch 17 
2203 " II ti heave 13 I i 

1, 

2'>04 0.70 " " roll 9 
2205 II II " pitch 17 
2206 " II II he ve 13 
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Table I I I (continued) 

. 

Test no. Distance Weight Speed Lfotion Reaulta 
between distribution (m.sec·1 ) given in 
hulls Jigve 
( m ) 

' 
no. 

2207 1 .. 00 II 0 roll ·9 
2208 II " " pitch 1? 
2209 II II " heave 13 

2210 II II 3,0 roll 10 
2211 " II 3,5 " 11 
2212 II II 4,0 " 12 
2213 II II 3,0 pitch 18 
2214 II " 3,5 " 19 
2215 " " 4,0 " 20 
2216 II II ,.o heave 14 
2217 II II 3.,5 " 15 
2218 II .. 4,0 " 16 

2219 o .. 70 " 3,0 roll 10 · 
2220 II II :;,5 " 11 
2221 II II 4,0 " 12 
2222 " " 3,0 pitcll 18 ' 2223 II " 3,5 " 19 
2224 " II 4,0 " 20 
2225 " II 3,0 he,1ve 14 
2226 " II 3,5 " 15 
2227 " " 4.0 " 16 

2228 0,40 II 3,0 roll 10 
2229 " " 3,5 " 11 
2230 " • 4,0 " 12 
2231 " II 3,0 pitch 18 
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Table III (continued) 

Teat no. Distance ieie;ht I Speed Motion Re sults 
between distribution (m.sec•1 ) given i n 
hulls Pi 0 ure 
( m ) no . 

2232 Q._40 II 3-.5 pitch 19 
2233 II " 4,0 II 20 
2234 " " 3 .. 0 he ve 1l~ 

2235 " II 3.5 II 15 
2236 " II 4i0 ti 16 

223? 0.20 II 3,0 roll 10 
2238 II " 3,5 ti 11 
2239 II " 4_,o ti 12 
2240 " It 3,0 pitch 18 
2241 II " 3,5 ,, 19 
2242 " " 4,0 ti 20 
2243 " II 3,0 heave 14 
2244 ,, 

" 3,5 II 15 
2245 II II 4,0 ti 16 

2246 II I 3,5 roll 11 
224? " II " pitch 19 
2248 " ti " l .. eave 15 

2249 0,.40 " ti roll 11 
2250 " II " pitch 19 
2251 " ti " heave 15 

2252 0,70 II II roll 11 
2253 II ti tt pitch 19 
2254 ti II II heave 15 

2255 1.00 ti II roll 11 
2256 ti " " pitch 19 
22,? II ,, 

" heave 15 
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Table IV . 

Testa in waves, 

-Test no. Distance Weight Speed Wave rave Results between distribution (m.sec•1 ) direction leight given in hulls (degrees) ( Jll ) figure 
( m ) 

no. 
7042 0.20 I 0 90 0 , 04 ~hrough33 7043 0.40 II II " " " 7044 0.70 II II " " " 7045 1.00 ,, 

II " " " ' 

7046 0.20 II ,, 
" " 22tbrough33 7047 0.40 " ,, 
II II ., 

7048 0.70 ,, 
II " " " 7049 1.00 II " " " II 

7050 1.00 " 3~,3~. 4i.0 " " '4tbrou~ 47 7051 0,70 " " ,, 
" " 7052 0.40 " II " " " 7053 0. 20 " " " " 

7056 0,20 I 3A5 " " '4through4? 7057 0,40 II 

" II " ,, 

" 7058 0.70 ,, 
" II " II 

7059 1,00 " " " " " 
7066 1.00 " " 135 " 48,uough62 7067 II 

" II 180 " 6,through74 7068 II II " 135 0,08 48through62 
.-
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ppendix. 

Text ot the motion pictures. 

Netherlands Ship · odel Basin 
Wageningen 

-

o. 

Teets with a Catamaran Seaplane model 

-
Model No. 3042Z 

-

66-08&- '..: ! • 

Research sponsored by the Office ot Naval Resear ch, 
Department ot the Navy. 

-
Contract o. N 62558-4457 

-
SMOOTH '.'l:\'r ER 

-
Distance between t he hulls 0.70 m 

Speed 3.5 m.sec;.1 

-
Scene 

-
RG,ULA.R BE.. M SE.\D 

ILZ. 

14. 

1.rhe motions ot tho model are shown when t he frequency of 
encounter is equal to t he natural frequency f or roll 

-
'.Vav e height 0.04 m 

; ei ght distribution I 
Speed 3.5 m.see-1 

-
Di st · nce between t he hul l s 0. 20 m 

•1ave l engt h 6. 5 m 

-
Scene 

-

- ---
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Di st ~nce between the hulls 0.40 m 
'.Vave ler;gth 2.1 m 

-
Scene• 

-
Distance between the hulls 0.70 • 

• i ve l en +h 1.8 m 

-
Scene 

-
Distance between the hulls 1.00 • 

Wave length 2.1 m 

-
ocene 

-
REGULA.R l3 1 EAS 

-
Di stance between the hulls 1.00 a 

.Vave height 0.04 m 
• ave length 9.5 m 

-
Beene -Distance between the hulls 1.00 • 

Vave height 0.08 m 

Vave le~th 9.5 m -
Scene 

-
-

Distance between the hulls 1.00 m 
\'ave height 0.04 m 
ave l en th 5.5 m 

-
Scene 

THE END. 

IU. 

15. 
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CATAMARAN SEAPLANE 

TEST ARRANGEMENT 

-----------

© Wave height trans due, rs 
@ Htav, 

@ Roll angle 

© Pitch anglt 
@ Rtlatlve motion to watersurface 
@ Acceleration of th• wing-tip 
(i) Acceleration of the hull 
@ Lateral force forward 
® Laural fore, aft 
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