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ABSTRACT

Experiments were conducted with a model of a small waterplane area

twin hu l l  craft , with three different strut confi gurat ions , in both the

Maneuvering and Seakeeping Facili ty and Carriage II of the David W. Taylor

Nava l Ship Resea rch and Development Center (DTNSRDC ) to determin e craft

motions and acceleration at vari ous speeds and headings. Data were

obtained in both regular and random seaways .

ADMINISTRATIVE INFORMAT ION

This project was jointly funded by the Systems Development Department ,

Advance d Conce pts Off i ce , David W . Taylor Naval Ship Research and

Development Center , under work unit 1170-090 and by the Ship Performance

Department s Hi gh Performance V e h i c l e  Hydrody nd r ics  Program under work

unit 1507-200.
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INTRCDUCT I ON

An experimental seakeeping program was conducted wi th a model of a

F small wa terplane a rea twin hull (SWATH ) wi th three different strut config-

ura tions, rep resen ted by a 1:22.5 scale model , desi gnated as SWATH 6. Experi-

men ts were con duc ted i n hea d , bow quartering, beam , stern quarte ring and

following regular and random seaways at speeds correspondin g to full scale

speeds of 0, 10, 20 and 28 knots. Calm water experiments were also conducted

at 0, 10, 20 and 28 knots. These experiments were conducted with the model

free running, wi thout restraint , in six degrees of freedom . Measurements

were made of the seaway, the craft pitch , roll , yaw , heave ,surge , sway rela-

tive motion near the bow , roll acceleration (angular) as well as vertical

acceleration at three places along the craft length , sur ge, and sway accelera-

tion and stern horizontal fin ang le. Pressures due to wave impacting were

measured at four locations along the brid ging structure . Investi gations

were made o f the e f fec t  of long itudinal metacentr ic hei ght 
~~~~ 

character-

istic of the three differ~nt strut confi gurations , on the craft motions ,

accelera t ions and impact pressures at various headings and speeds . This

report consists of running trim and sinkage data from calm water experiments ,

motion transfer functions determined from regular wave experiments and

si gni f icant double amplitudes of motions and impact pressure dat~ collected

during ex periments in random wa ves.

DESCRIPTION OF MODEL AND EXPERIMENTAL EQUIPMENT

The mode l used in this investi gation was a 22.5 scale model , DT N SRDC

Model 5337, of a 2900 ton developmenta l SWATH type craft design ated as

2
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SWATH 6. The model was construc ted such tha t any of three different

strut configurations could be attached to one set of l ower hulls. Craft

particulars for the various strut configurations are presented in Table 1.

The major difference In characteristics imparted to the craft by

the d i fferent strut configurations is the long i tudinal ~~~~~~. Fi gure 1

shows the physical dimensions for the three different craft confi gurations .

Note tha t while SWATH 6A and 6B have only one strut per hull , 6C has two

struts per hull. Also note (Table 1) tha t all confi gurations used a set of

horizontal stabilizer fins (two per hull , inboard ) and those for 6A had about

40% greater projected area than those used on confi gurations 6B and 6C. Fin

shape and s ize is shown in Fi gur e 2. The fo rwa rd f ins on a l l  confi gurat ions

were fixed at zero angle of attack while the angle of attack on the a f t  set

was var iab le  and could be changed by means of a remotely contro l led actua tor .

The port and starboard hul l -strut  comb inations were attached to each

other by a rig id bridging structure . Diaphragm type pressure transducers

were at tached on the flat bottom port ion near the bow and on the curved bow

sec tion of this struc ture , at locations shown by Fi gure lb . to measure impact

pressures. A strain gaged panel section on the flat bottom portion of this

structure was a lso  used to measure impact loads. No attempt was made to

scale the rig idity of this structure .

Propulsion was provided by two f ive horsepower D.C. motors , one housed

in each hull. Since the model was free running, controllable rudders were

used to maintain course.

DESCRIPTION OF MEASUREMENTS AND INSTRUMENTATION

The SWATH 6A experiments were conducted with the mode l self

3
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prop elled and free running. Tether lines , required for

accele ration and decelera tion of the model , and motor power cables and

transducer signal cables were the onl y connections between th~ node 1 and

carria ge . These lines and cables were slack du rinn da ta collection and

did not affect model responses . Model speed was con trolled manuall y and

was regulated in accordance with preset carriaqe speed. Thus the model

was ‘ent fairl y stationary with respect to the ca r r iage and model spend

was rel at ivel y constant. However , during some head sea conditions w i t h

cvrre im p actin g , and during some stern quarter ing and fol low ino sea

r~ n ditio n s there was considerable surge mo tion and the tether l i nes

t~eca~-’e ta :~t at tines .

Course was ma intained by means of yaw and sway si gn al input s to

t he  rudder servo control device. Heave , surge , sway and rel ative m otion

at the bow as well as wave height were measured by ultraso n ic disp lacement

transducers . ~eave was “easured a t  the lon gi tudinal cente’- o qr a v i t~

~LCG ) on th e cen ter line , surge at  the a f t  edne of the hrid g in q structure ,

and re 1a t i v ~ bow -‘ot i on 9 ft (~
“
.°m) forwa rd o f the fron t edna o c

the bri dging s t r uc ture ,  on the center l ine .

°it ch , ro ll , and yaw were measured by v e r t i c a l  ayrosc o res mounted

• ro ar tb~ L G  just to port of the cent er lin e . Poll ac cel p rat~cn was

measur ed by an angu1~~r accelerometer . Vert ica l acce le ra t i ons  we re np~~ 5~ j .-

a t  th e how, at t hp LC~ and at the stern at  the loca t ions  ind i ra~ ed in

Fi gure la . Surge and sway accelerometer locations are also given in

Figure Ia.
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Although the bridging structure did not necessarily represen t that

of a prototype , it did provide a means of determining the orde r of

magnitude of in~act pressure which a prototype mi ght experience in

various seaways . No attempt was made to scale the bridging structure

to simulate the vibratory characteristics of a prototype . Impact

pressures on this structure were measured by strain-gaged diaphragm

type pressure transducers located as s hown in Figure lb. These gages ,

desi gned and manufact ured at DTNSRDC , were ra ted at 0 to 5 psi (34 .5k Pa)

w ith a fla t res ponse to 1500 hz and a na tural frequency of a t least

25,000 hz, and thus were more than adequa te to measure the impact

phenomena . The pane l load gage was simply a strain gaged section of the

plywood bridging structure , 9.4 ft (2.9m) square. The maximum range

and freuqency response of the panel load gage is unknown .

EXPER IMENTAL PROCEDURE

Experiments were conducted on the three different strut confi gurations

in calm wa ter , regular and long crested i rregular waves. Calm wa ter

experiments were conducted at 10, 20 and 28 knots to determine running

trim and sinkage for various trim moments and stern fin angles. During al l

experiments the forward fins were fixed at zero ang le of attack. Trim

moments were produced by moving ball ast. Trim moments ~nd s tern f i n

angles wh ich produced a near zero running trim were chosen , based on

ex per i ence , for each particular speed such that neither the trim moment

nor fin angle were excessively larqe (See Reference l).*

* References are listed on pa ge 24.

5
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Once the tr im moments and fin angles were established , calm water

runs were conducted durin g which the mode l was force pulsed manual l y

nea r its natura l frequency in pitch , hea ve or roll at the

various speeds in orde r to determine motion decay curves and natura l

periods . In some cases at the 20 and 28 knot speeds , the motion was

so h i g hl y damped that determination of the natura l heave and pi tch

per iod was impossible by this method.

Exp er im ents we re then conducted in regular and long crested

ir reg u lar  wave s at the various headings and speeds indicated in ~ib le s

2 and .~~~. N om inal wa ve steepness 
~~~~~~ 

for the regular wave e~~pe r imp nts

ranged from about 1 50 to 1/90. In addition , experiments were conducted in

head regular seas at 20 knots and in beam sea s at 0 knots in n~~ r synchronous

wave con d i t ions for heave and rol l , r~ sp ec t i v e l y, at  severa l stee pnesses

to provide a linearity check on the motions . Regular wave experiments

in head seas we re als o conducted on each strut confi guration with

vari ous combinations of the hori zontal stabilizer fins.

r rreqular wa ve experi m ents were conducted at variou s headin gs and

speeds (See Tab le  3) to obta in s t a t i s t i c a l  data on motions , accelerations

and freouency of impa ct on the b ridq in~ structure . For each condition

about 150 samp les of peak- to- peak motions were obtained since experience

has shown that r ea l i s t i c  inferences about the population may be made

from th is  sample size. However , not all sample sizes in some guarte rina

and f o l l ow ing  sea condi t ions were this large .

Not e that for strut ~A a l inearity  check in random waves was conducted

at . 0 knots in hea d seas.

6
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DAT A COLLECTI ON AND REDUCT ION

During the experiments , the transducer signals were amplified

and recorded in analog form on paper strip chart (including an

osci llograph for impacts ) and analog magnetic tape. The system for

measuring impacts prov ided a f lat response to 1500 hz , which is more

than adequate for the phenomena studied.

Calm wa ter running trim and sinkage and regular wave da ta were

recorded and analyzed by the Interdata 70 on the carriage providing

irrinediate high quality experimenta l results. Natura l period osc i l la t ion

data were rea d from strip chart reco rds .

Reduction of regular wave data by the Interdata 70 provided motion

amplitudes , phases, mean offsets , amplitudes of the first harmonic wave

frequency and the transfer function for each particular measurement.

The immediate availability of thi s data on the carriage was used to

plan future run conditions as the experimental program proceeded.

Da ta obtained in random waves were anal yzed in both the time and

frequency domain s by the CDC 6700 computer program . This analysis

yields mean values, power spectra , h istograms and Fourier transforms as

well as statis tical information about the time histories . Only signif icant

double amplitudes (the average of the one-third hi ghest peak-to-peak

fluctuations ) are presented in this report. Impact pressure data obtained

in random waveswere extracted manually from osc illograph records.

Absolute verti cal motions at the bow , the LCG and at the stern were obtained

by integrating the vertical accelerations at these respective locations .

7



PRESENTAT ION AND DISCUSSION OF RES IILTC

CALM WATER

The trim and sinkaqe results from calm wa ter experiments at 10

20 and 2R knots are presented in Figures 3. 4 and 5 for strut con-

figur ations A , B and C respectivel y . These figures show the e f fec t

of stern f in anq le and t r im moment on running trim and sinkaqe for

the var ious speeds. At 10 knots there is little trim moment or stern

f in ang le effect on running tr im or s inkaqe for any of the

strut confi gurations. At 20 and 28 knots c ra f t  trim and s inka r i p  are

ve ry responsive tn a change in trim moment and stern fin angle, ç pm e~~

what mor e so for strut configuration A than for B or C.  Note, however .

the total projected aft fin area for configuration A is 41) greate r

than that for conf i gurat ions B and C (See Tab l e  1) .  Ther e was no

ve r t i c al p lane i n s t a b i l i t y  demonstrated for any strut :onfi guration at

any of the speeds investigated. There was also no ind ication that any

of the stern fins had appr oached or reached stall cond ition . Heave .

pitch and roll natura l periods determined from calm wa ter experiments

at 0. 10. 20 and 2A knots are presented in Table 4 . Also presented in

Table 4 are the trim moment and stern fin angle needed for appr oxima tel y

zero running trim , which were used for a particular strut confi guration

and particular speed for all experiments in waves.

RE1) ULAR WAVES

The regular wave data in this report are presented as a funct i on of

wav e length , and the motions nondimensiona l ized as transfer functions

in accordance wi th the scheme shown in Table 5. T he observat i ons made

8
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during the discussion of regular wave data refer to the maximum dimension-

less response and not to the response to any particular wave length.

Vertical accel eration data and linearity data are not nondimensionalized

for discussion. However, dimensionl ess absolute vertical motirrnc

calculated from the vertical accelerations do give an indication of a

transfer function type relationship for vertical acceleration . (See Table 5).

Results of experiments conducted in regular head seas are presented

in Fi gures 6 through 23. Figures 6 through 8 present heave , pit ch

and relative bow motion transfer function in head seas at variou s speeds.

Nondin,ensiona l heave decreases sli ghtly as speed increases from 0 to

28 knots for strut A changes l i tt le with speed for strut B but increases

as speed increases from 0 to 20 knots for stru t C and then decreases

slig htly as speed increases to 28 knots . Dimensionless relat ive bow

motion decreases significantly as speed increases from 0 to 28 knots for

• all three strut configurat ions. Nondimensiona l p itch decreases sigri f-

i can t l y as speed increases from 0 to 28 knots for all three struts .

However , pitch is not very large at any speed in wave lengths up to

2000 ft (6lOm) for strut A because the resonant wave length for this

strut is lon ger than 2000 ft. At zero knots dimensionless heave for strut C

is less than for strut B which is less than for strut A. At 20 and 28

knots heave is about the same for struts B and C. whil e heave for strut

A is lower than for either strut B or C. Dimensionless relat ive bow

motion is about the same for struts B and C at all speeds and l owest

for strut A at al l  speeds. Nond imensional pitch follows the above

trend for relative bow motion for a given speed but pitch is si gnificantly

lower for strut A than for struts B and C at al l speeds .

9



Figures 9 through 18 present vertical accelerations at the how ,

the LCG and the stern and the vertica l displacement transfer functions

calculated from these accelerations, respectivel y, i n hea d sea s a t

various speeds. Vertical accelerations and displacements are about

the same at all speeds for strut A. Vertica l accelerations for struts

B and C increase as speed increases from 0 to 20 knots while the vertical

displacements are about the same at all speeds for these two strut con-

~inurations. Vertical accele rations at zero spec~d are about the same

for all three struts but are less for strut A than for struts R and C

at 20 and 28 knots. At zero knots the maximum vertical CG displac emen t

for strut C is less than that for struts A and B . which are about the

same . Vertical bow and stern displacement for struts B and C at 20

and 28 knots follow the trend observed for heave. The scatter in

the accele ratio n data around the peik for the 20 knot condition reflects

the resul ts of the ~inearity experiments conducted nea r hea ve reasonance.

It is noted that for a given speed and strut configuration the

vertical ~cce1erations and absolute vertica l disp lacemen ts at the ~rnw

are greater than at the LCG which in turn are greater than at the stern .

except for strut C at 0 knots.

The results of the above mentioned linearity experiments in head

seas at 20 knots for heave resonance wave lengths are shown in Figure 19.

The motions and accelerati ons remain quite linea r with wave neight for

a wa ve steenness in the ranqe of 60 to 120.

Fi gures 20 through 23 presen t results of regular head sea experiments

during which the effect of different combinations of horizonta l stabilizer

fins was investiga ted. These experiments were conducted in wave conditions

aroun d hea ve resonance for the particular strut confi ’+ uration and speed.
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Ex perimental results for strut A at 10 and 20 knots and Struts B and

C at 20 knots show that the existEnce of a bow fin is resoonsible

for quite a reduction in motions and accelerations. Motion pictures

of calm water experiments indicate this may be due to the fact tha t

the bow fin was located near the long i tudinal position on the strut where

the flow vetoctty ot the wave coming off the strut leading edge was downward .

See sketch below . Variations in fin size examined on strut configuration

A had little effect on the nctions.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4Vf ?~ OFIL(

FWP P!s~i

Fi gures 24 through 27 present results of experiments in regular

bow quartering seas at 20 knots. Figure 24 shows that the hiqhe~t heave ,

• relative bow motion , pit ch and roll , are experienced by struts C, B and A

in t ha t or der respectivel y. Although there is not much difference in

hea ve , rela tive bow motion and roll for the three struts, pitch for

strut A is significantly l ower than pitch for struts B and C as was

the case in head seas. There is no dif ference i n ro l l angula r

acceleration for the three strut configurations.

Vertical acce lerations and absolute vertical motions are presented in

Fi gures 2 through 27. Vertica l accelerations and disnlacements are about

the same for struts B and C at 20 knots while the vertical bow and C1)

accelera tions are slightly l ower for strut A than for B and C.

11 
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Accelerat ions and absolute displacement at the bow are grea ter than at

the stern for all struts, as was the case in head seas at 20 knots.

Results of regular wave exneriments in beam seas at 0 and 20 knots

are presented in Figures 28 through 38. For all three strut confi gurations

maximum heave, relative bow motion , roll and roll acceleration decrease

as speed increases from 0 to 20 knots while yaw follows the opposite

trend. At 1) knots the maximum relative bow motion and roll acceleration are

about the same for all three st rut con fig urat ions . Heave at zero speed is -j
about the ca ”~ for struts A and [3 ~~ somewhat l ower for strut C as was

the case in hea d seas. The maximum roll at zero speed is about the same

nr  struts A and C but is much larger for strut B. The la m e roll trans ’er

function for strut ~3 at zero knots occurs for wave lenoths around ~~fl f t

(l~~m). The period for these wave lengths is close to that ~or heave

resonance and one-half the period for roll resonance . Poll resonance is

not reached unt i l  the wave l~ nqth reaches Thou~ ~~~ ft (427H . Puri ’n

experiment s in waves near 35fl ft (lfl~~) t H e craft rolled sli n ht lv for

about five or si x cycles and then thp roll annles became very lam e . Tb ic

unstable character of the roll motion is due to a phenomenon called the

Vath ieu instability (Reference 2). When the natural period of one motion

is twice that of another (Or the two natural periods are nearl y eoual~

the motion with the longer natura l period can be excited at its resonant

frea uency in near resonant waves for the other mode of motion due to nonlinear

cou p li ng between the two mot i ons . T hi s effect i s even more oronounce d

when dampin g i s small , as is the case for roll damping of a SWATH craft

at zero speed.

At 20 knots maximum heave , relat i ve bow mot i on , roll an d roll acce l er-

at ion are about the same for all three strut configurations .

~ 
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Vertical accelerations and absolute vertical displacements in regular

beam seas at 0 and 20 knots are presented in Fi gures 31 through 36. For

all strut configurations the maximum acceleration and displacements

decrease as speed increases from 0 to 20 k:iots. At both zero and 20 knots

there is little difference in accelerations for any particular longitudinal

location for all three struts . At 20 knots for struts A and B the maximum

stern and bow displacements are about the same . At 0 knots for all three

struts and at 20 knots for strut C the bow motion is larger than the stern

motion .

The scatter in the zero speed data nea r roll resonance reflects the

results of the linearity experiments conducted at these wave lengths .

Fi gure 37 presents results of these lineari ty experiments . Heave , stern

acceleration and stern displacement are quite linear for wave steepnesses

from 70 to 200 for all three strut configurations. Roll , roll accele ra ti on ,

vertica l bow and CG accelerations and displacements show some non linear i ties

for a l l  three strut confi gurations. Non linearities in roll and roll accelera-

tion for the large wave hei ghts are most pronounced for strut C. This may

be explained by the nature of the roll motion in very long wa ve at both

zero and 20 knots. Observation of these experiments show that although the

wa ve form for the long waves was nearly s inuso ida l , the roll response was

not. Wi th waves coming from the port beam , the craft would roll up as the

wave crest passed under the starboard hull. The resultant roll trace

appeared flat on the maximum starboard down side of the trace. See sketch.
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Figures 38 through 46 present results of experiments in regular

stern quarter ing seas at 20 knots .  Th e maximum p i tch , yaw , re la t i ve

bow motion and roll acceleration are about the same for struts B and C.

Ther e are not enough yaw and roll acceleration da ta for strut A to

co mpare it w i t h  the other s t r u t s .  Heave and roll no t i ons  are about the s(a”-e

f~~~r al l  three s t ru ts .  Re l a t i ve  bow mot ion and p i t c h  are larger fo r

strut  A than for B and C. This is probabl y due to the la m er s tern

f in used w i t h  conf i g ura t ion  A .

The de termination of the location o~ the pea k fo r  the ri tch and

r~1a~ ive bow mot ion transfer functions and perha ps for the roll t r ans -~er

function is diff i cult  as may be seen from the data scatter a und wave

ieng~ bs o~ 21)0 to 300 ft (61 to 9lm). Tb€ ’ nature of the guarterin g sea

rb enomc~na , presented in Figures 41 throug h 43. may be responsible for

the data sc atter in that narrow wave lenot h reoinn . For sm all changes

in the wave length around 200 ft (6l r’ ) there are la m e chan oes in the

~n nu n te r period (Figure 41) and the encounter freguency (Figure 42~ at

2~ k n o t s .  A l s o note that the encounter periNi for this wave m onth is near

j j t h resonance for a l l  three s t ru ts .  Th ese phenomena , cou pled wit h the fact tH~ t

in quarte rin g sea s there are large excusions in surge (and thus relat ive

ship-wave veloci ty, Fioure 43) whi ch tend to Droduce chan oes i n  thø appa rent

encounter frequency, produce this scatter.
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The maximum heave for all three struts is less in stern quartering

seas than in head , bow or beam seas at 20 knots . (See Fi gures 6-10 ,

24 , 28-30) Maximum pitch , relative bow motion , roll and roll accelera t i on

are greater in stern quartering seas than in head , bow or beam seas at 20

knots for strut A (See Figures 6, 24 , 28). Max imum roll and pitch are

greater in stern quartering seas than in head , how or beam seas at 20

knots for s truts B and C (See F i gures 7-8, 24, 29-30?. Roll

acceleration and relative bow motion are l ower in beam seas than in head

bow or quarte r ing seas for strut B (See Figures 7, 24, 29) but are

larger in stern quarte ring sea~ than in head , bow or beam seas for strut

C (See F i gures 8, ~4, 30).

Ver tical acceleration and absolute displacements in reoular stern

quartering seas at 20 knots presented i n Figures 44 through 46 are

about the same for all three struts. Maximum accelerations and displace-

ments for various headi rqs at 20 knots follow the trend for heave

above (Fi gure s 11 , 14 , 17 . 25-27 , 32, 34, 36).

Results of experi ments in regular f 1 1 ~~~i r~ seas at 20 knots,

presented in Figure 47, ind icate maximum pi tch , heave a nd re la t ive

bow motion are larger for strut A than for strut B. Not encuqh reliable

data were collected for strut C to determine the peak o~ these transfer

functions. Pertinent to this dis cussion is the behavior nf the cr.~if t  in

following seas and the attendant difficult ies in obtaining usable data

from a tethered model . Because of the large surqe excusions experienced by

WATH type craft in following seas due to the lonq encounter periods ,

it was difficult to keep the surging model from exceeding the slack in

15
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the tether lines and instrumentation cables.  Atteniots were ma rie

to con tro l the surge motion by manuall y controllin g the mode l power

during experiments on struts B and C but this too was difficult and

quit e unrealistic because a sudden increase in motor power

to keep the craft from surging aftward would make the bow rise sha rp ly,

thus debasing p i tch and re la t ive  bow motion and bow accelera ti on

data . The data presented for these two struts are from portions of

the experimental runs during which model power was fairly constant.

In an effort to cope wi th this excessive surge motion , a diff”rent

approach was taken to acquire data on strut A . Instead of maintainin g

a wave steepness of 1/60 for these exper i men ts ,  wave steepness was

decreased to about 1/00 by l owerino wave height . As a result .

model power could be held constant though the model would still surge

about 50 ft (17m ) fore and af t  in cyclical fashion with the waves .

Since the surge problem was successfully handl ed for this strut con-

figuration , it was decided to try contro ll inq pi tch attitude by manually

• controlling the stern fins. At near zero encounter frequencies the

craft was very responsive to fin control . Active control of the fins

at other encounter frequencies produced about a 40 reduction in peak

to peak pitch motion. However , it was diffic ult to manu all y contro l

the craft for more than eight or nine wa ve encounters at a time .

T h is problem of obtain ing useful data from a tethered craft in foll owing

seas indicate the need for a reliable radio control model system

with data telemetry capabilities. rf such a system were available,

collection of quality data would not depend upon compromisin g realistic

experimenta l techniques .

16



Vert ical acceleration and vertical displacement transfer function s are

not p resente d for fol lowin g seas fo r two major reasons . F i rs t , because

of the languid motion and the reduced wave height in following seas experiments ,

the ver ti cal accele rat i ons are smal l , (in the order of O.OfS to 0.1 g) and hence

difficult to measure . Secondly, the encounter frequencies are very

small for most wave lengths (abou t .2 r-~d/sec ) and nea r zero for the

shorter wave lenqths and thus ha rd measure accura tely. Since the

calculation of vertical d ispl a- e no n t s involves division by the encounter

frequency squa red 
~ e

4 in the spectr~ ca1 cu la tio n s~, again a ver ’ small

number , the ve rtical di sn1ac er ’ent ’~ co~il - d not be accuratel y calc ulate d .

RANDOM WAVES

Experiments were conducted in long crested irregular waves at the

speeds and headings indicate d in Table 3. Zero speed spectra for Sea

State 3, 5, 6 and 7 representative of those used during these experiments

are shown in Fi gure 51. Though these spectra do not exactly duplicate

theoretical Pierson-Moskowitz spectra , t~ ey are realistic and do contain

sufficient energy in the frequency ranqe to excite the present models

and elicit motion responses. Da ta presented in this report are the

si gnifi cant double amplitudes (average of the one-third highest peak

to peak excusions) of motions and accelerations. Impact pressure data

are presented as frequency of impact ing and impact pressure histograms .

Results of experiments conducted i 0 head random waves at 0, 20 and 28

kno t s  are presented in Fi gures 52 through 70. Si gnificant heave ~nd pi tch

for all ti r~~ struts follow the speed effect trends observed for the

17
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regular wave data in head seas. However , there appears to be no speed

effect on signif icant relative bow motion for all three struts . The

observations made about heave , pitch and relative bow motion comparinq

the three struts at a gi ven speed in head regular waves hold true

in random head seas. There appears to be little speed effect on surge

for all Struts in Sea Sta te 6 and for struts A and B in Sea State 7 whi le

surge increases as speed increases from 0 to 28 knots for strut C in

Sea State 7. Fi gure 52 also indicates that heave, pitch , and re lative

bow motion are quite linear with si gnificant wave hei ght up to about

25 ft (7.6rn ) for Strut A at zero speed.

Figures 57 through 61 present si gnificant vertical accelerations

and displacements experienced by the craft operat ing in random head

seas at various speeds. Vertical displacements follow the speed effect

trend observed in regular head seas fo - struts A and C. and increase as

speed increases from 0 to 20 knots for Strut B. At zero speed the

vertical accelerations and displacements are about the same for struts

A and B and for strut  C are s l i gh t l y  less than for A and B. At 20 and

28 knots the si gnificant accelerations and displacements are about the

same for Struts B and C and l owest for strut A.

Fi gures 62 through 70 present impact pressure data obtain ed dur inq

experiments in random head sea s at 20 and 28 knots. Figures 62 shows that

struts B and C experienced the most frequent impacts at gage 4 durin g

experiments in head Sea State 7 at 20 knots. Figures 63 through 66 show

the pressure d i stribution of the i rrpac~ rressure samples recorded in head

Sea State 7 at 20 knots . The N in the fi gure indicates the number of
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pressure samples recorded at the particular gage location. The frequency

of occurrence is calculated by dividing the number of pressure samples

which fell within the boundaries of a particular pressure range , by N , and

multiply ing by 100 . The maximum pressures experienced by .the brid ging

structure for strut confi guration s B and C are hi gher than those for strut

confi guration A. Although some impact pressures are as high as 35 psi

(241 kPa), most are les s than 15 psi (103 kPa ) in head Sea State 7 at 20

knots. Note that both Fi gures 65 and 66 show data for strut C but the

siqn ’ ficant wave hei ght gene rating the data in Figure 66 is sli ghtl y hi gher

than for tha t in Fi gure 65. Also , pan el load gage data was obtained at

the hi gher wave hei ght. As -wn tioned befo re , the panel load gage seemed

to be iu ite s t i f f  and was frequently inoperative . In genera l , the pressure

rn agnit uie~, recorded on gage 4, located in the center of the strain -gaged

pa re l load sect i on of t he bridg inq structure , were from twu to five times

hi qh e~ th a n those recorded over the area of the panel load gage i t se l f .

1~ s~ou1d be noted here however , that most sample s i zes  are somewhat small

-~n 1  ~~c’ €’ rience has ::,~n that for cases when the sample size of impact

p ros sur es  i s less th a n a b o u t  50, caution should be used in drawing conclu-

sions from the data.

Fi gures 67 through 70 present impact pressure data obtained during

exper ii~nts in head Sea State 6 at 28 knots . Fi gure b7 shows little diff-

erence in frequency of impact between strut confi gurations except at gages

2 and 4 where strut confi guration C had si gnificantly more frequent impacts

than did strut confi gurations A and B.

Fi gures 68 through 70 show the distribution of the pressure samples

recorded in head Sea Sta te 6, 28 knot conditions . Sample size is too

smal l to draw any conclusions about pressure distributions on strut config-
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urations A and B. Though some pressure magnitudes for strut confi guration

C reach 20 psi (138 kPa), most fall below 10 psi (69 kPa).

Results of experiments in bow quartering seas at 20 knots are presented

in Fi gure s 71 through 76. Figures 71 and 72 indicate little difference in

significant motions and accelerations between the three strut configurations

except  for bow acceleration and displacement which are smaller for strut A

than for s t ru ts  B and C. This was the trend in regular waves also.

Impact pressure da ta obtained during these experiments in bow quarterin g

Sea State 7 at 20 knots are presented in Fi gures 73 throuqh 76. Strut

confi guration B experiences more frequent bridging structure impacts than

doe s confi guration C, and confi guration A has the l owest frequency of imp act .

Histograms of the impact pressure ma gni t ude d is tr ibuti on , Figures 74

through 76 do not represent an adequate size for drawi ng conclusions.

Though some pressure magn itudes were as hi gh as 40 psi (276 kPa), most

were below 20 psi (138 kPa).

Results of experiments conducted in random beam seas at 20 knots are

pre sented in Fi gur es 76 and 77. Motion and accelerations are about the

same for all three struts except significant roll accele rat i on appears to

be hi gher for s t rut  C than for st ruts A and B. The rol l  and hold motion

displ ayed by strut configuration C in regular wa ves was also presen t in

random waves .

Results of experiments in random stern quartering seas at 20 knots

are presen ted in Figures 78 and 79. Motions and accelerations follow the

trends observed in regular waves except significant roll and roll accelera-

tion appear l ower for strut C than for struts A and B and vertical displace-

ments are highest for strut confi gura t ion A.
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Fi gures 80 and 81 present results of experiments in random following

seas at 20 knots . Motions and accelerations appea r to be about the

same for all three struts . CG and stern acceleration and displacement data

for strut C are not presented due to transducer malfunctions . Once again

it is noted that the behavior of the craft in following seas lea ves much

to be desired. There were severa l runs attempted in a Sea State 4 wi th

strut configuration A but the surge motion was still large and it was

difficult to keep the model fror~ being restrained by the tether l~nes.

Again , had the craft been radio controlled and free to surge , more

real is t ic  data could have been obtained.

Note that significant pitch is larger in both stern quartering and

following seas than in head seas.
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CONCLUSIONS AND RECOP1IENDATIONS

From experi ments conduc ted on a model of a 2900 ton SWATH developmenta l

craft wi th three different strut configurations , the follow ing conclus i ons

may be drawn :

1. In calm wa ter , at 20 knots and above, the craft’s running trim and

sinka qe are ve ry responsive to change s in trim moment and stern fin ang le,

somewhat more so for confi guration A with the large fins.

2. There were no indications of verti cal plane instability for any

craft confi guration at any speed in calm water.

3. Some natura l periods were difficult , if not imposs ible , to determine

from cairn wa ter oscillation experiments because of the hi ghl y damped nature

of the craft.

4. Pitch motion for Strut confi guration A which had the smallest long i-

tud inal metacentr ic height was si gnifica otl y l ower than for B and C in head

and bow seas for wave lengths shorter than 2000 ft (610 m) because the very

long natura l pitch period of confi guration A. Pitch motion for Strut confi gura-

tions B and C decreases significantly as speed increases from zero to 28 knots .

5. Motions and accelerations in head regular seas at 20 knots are quite

linear in nea r heave resonance wa ve lengths for wave steepnesses in the range

of 1/60 to 1/20 for all three struts .

6. Experiments in regular hea d seas show that the bow fin is quite

effective in reducing motions at 10 and 20 knots near heave resonance. The

fin size has no appreciable effect on motions but the long i tudinal location

of the bow fin may.

7. Though maximum roll motion near roll resonance is about the same

for all three strut confi gurations at zero speed in beam seas , strut
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configuration B exh ibits very low roll damping at encounter frequencies near

one-half its natura l roll frequency .

8. The roll motion for strut configuration C in regular beam seas at both

zero and 20 knots is characterized by a “roll and hold” response resulting in

a flat response on the down run of the cycle.

9. Roll motion for all three struts decreases appreciably as speed increases

from zero to 20 knots in wave lengths near roll resonance.

10. Roll . roll acceleration and some vertical accelerations and displacements

are non-linear in near roll resonant wave lengths at zero speed.

1 1. Pitch , roll and roll acceleration are significantl y larger in stern

quartering tha n bow quartering seas at 20 knots .

12. Pitch and relative bow motion are much larger in following seas than

in hea d seas at 20 knots , especially for strut confi guration A which had a

long i tudinal metacentr ic height onl y ore-half that for configurations B and

C. Heave follows a trend opposite to tha t above .

13. Craft surge motions in stern quartering and following seas are generally

so extreme that the collection of quality data by use of a tethered mode l is

severel y hampered. However , surge motion in regular following seas for confi g-

uration A was reduced to a tenable l evel by decreasing the wave slope , thus

providing an opp ortunity to conduct experiments w i th  ac t i ve  f in control .  The

craft ’s pitch attitude was very responsive to manual fin control at near zero

encounter frequencies. Active fin control at severa l other encounter frequen-

cies produced about a 40~ reduction in peak to peak pitch motions . Because

SWATH craft exhibi t larger pitch and surge motions at the above head ings and

since active fin contro l may be a promising method to reduce pi tch mot i ons ,

it is reconTnended tha t experiments be conducted with a radio control mode l

which would remove the encumbrances of tether lines and transducer cables ,

while also providing a means for use of more sophisticated active fin control

techniques.
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Figure 63 - Impact Pressure Histograms for SWATH 6A in Head SeaState 7 - 20 Knots
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Figure 64 - Impact Pressure Histograms for SWATH 6B in Head Sea
State 7 - 20 Knots
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Figure 65 - Impact Pressure Histograms for SWATH 6C in Head Sea
State 7 - 20 Knots
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Figure 66 - Impact Pressure Histograms for SWATH 6C in Head SeaState 7 - 20 Knots
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Figure 67 - Frequency of Impacting in Random Head Seas for SWATH 6
20 Knots
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SWATH 6A - HEAD SEA STAT E 6 - 28 KNOTS
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Figure 68 - Impact Pressure Histograms for SWATH 6A in Head Sea
State 6 - 28 Knots
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F igu re  69 - Impact Pressure Histograms for SWATH 68 in Head Sea
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Figure 70 - Impact Pressure Histog rams for SWAT H 6C in Head Sea
State 6 - 28 Knots
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BOW QUARTERING SEAS - RANDOM WAVES - 20 KNOTS
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Figure 73 - Frequency of Impacting in Random Bow Quartering Seas
for SWATH 6 - 20 Knots
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Pressure Gage P-i

-
• N-2

100 - 
Significant W.H. • 22.7 ft (6.~ e)

~~~ Run Time • 20.64 minutes

I.—

Ui
L)

Ui I I
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Ui •

Ui

i 0

j~~~~~~~ 0~~

Pressure Gage P 3  Panel Load Gage

N~1 Inoperative

100 - - 100 -

0 6
O 20 40 0 20 40 PSI

O 140 280 0 140 280 KPA

IMPACT PRESSURE

Figure 74 - Impact Pressure Histograms for SWATH 6A in Bow Quarteri ng
Sea State 7 - 20 Knots
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SWATH 68 - BOW QUARTERING SEA STATE 7 - 20 KNOTS

Pressure Gage P-i
N~1O

100 - - Significant W .H. • 23.4 ft (7.lm)
Run Time • 16 .8 mi nutes

1

0 1

:
Pressure Gage P-2 Pressure Gage P-4

- 

N=l i 

- 100 - 

N•i2 

-

O~~~ w~J~~~~

Pressure Gage P-3 Panel Load Gage
N~7 N•7

100- - 100 -

‘ V O~~O 20 40 0 20 40 PSI
O 140 280 0 140 280 KPA

IMPACT PRESSURE

Figure 75 - Impact Pressure Histograms for SWATH 6B in Bow QuarteringSea State 7 - 20 Knots
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SWATH 6C - BOW QUARTERIN G SEA STATE 7 - 20 KNOTS

Pressure Gage P-l

Signif icant W.H . • 23.3 ft (7 . lm)
100 - Run Time • 22.44 mInutes

Pressure Gage P-2 Pressure Gage P-4
11=14 N~13

100 • - 100 • -

CLI 

_ _

Pressure Gage P-3 Panel Load Gage
11=5 N•i

100 - - 100 - -

II
20 40 0 20 40 PSI

0 140 280 0 140 280 KPA

IMPACT PRESSURE

Fig ure 76 - Impact Pressure Hi stograms for SWATH 6C i n Bow Quarteri ngSea State 7 - 20 Knots
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BEAM SEAS - RMD(I’~ WAVES - 20 KNots
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Fi gure 77 - Significant Double Amplitudes of Motions in Random
Beam Seas for SWATH 6 - 20 Knots
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BEM SEAS - RANDOM WAVE S - 20 KNots
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Figure 78 - Significant Double Amplitudes of Vertical Accelerations
and Verti cal Moti ons i n Random Beam Seas for SWATH 6 -
20 Knots
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STERN QUARTERING SEAS - RANDOM WAVES - 20 KNots

O STRUT A
O STRUT B
0 STRUT C 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I I

SIGNIFICANT HEAVE SIGNIFICANT R .B.M.

1~J 4fl ~ 12 4O~
C-

6 2 0  - 6 2 0
O~0 0

0 0  1 I 0 0  I

U) I I

SIGNIFICANT PITCH SIGNIFICANT ROLL

x ~ () - V
U (~J
C-

O~
:10 - 

~~ 10
0 0
00

U)

0 I — I I

-

. 

I 
—

SIGNIFICANT YAW SIGNIFICANT ROLL ACCELERATION

~ 2 

0 

- 
~~~~

~ 1 -  0 - 

~~ 
0 .05

z 0
CD

U)
CD

0 I I 
“ 

0 I

(1 10 20 30 F EET 0 10 20 30 FEET

0 3 6 9 METER 0 3 £ 9 METE R

SION IFICANT WAVE HEIGHT

Figure 79 - Significant Double Amplitudes of Motions In Random
Stern Quarteri ng Seas for SWATH 6 - 20 Knots
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STERN QUARTERING SEAS - RAND~~ WAVES - 20 KNOTS
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Figure 80 - Significant Double Amplitu des of Verti cal Accelerationsand Verti cal Motions in Random Stern Quartering Seasfor SWAT H 6 - 20 Knots
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FO LL~~ING SEAS - RANDOM WAVES - 20 KNOTS
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Figure 81 - Significant Double Amplitudes of Motions in RandomFollowing Seas for SWATH 6 - 20 Knots
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FOLLOWING SEAS - RANDOM WAVE S - 20 KNOTs
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Figure 82 - Significant Double Amplitudes of Vertical Accelerations
and Verti cal Motions for SWATH 6 - 20 Knots

113

_________________ 
_ _ _ _ _ _ _ _ _ _ _  --  - . .. -. -—_~~~~~~~-~~~~~~.



- T T - : ~~
-—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -. . 

.-
~~~ — --- -- — .—_~

DTNSRDC ISSUES THREE TYPES OF REPORTS

(1) DTNSRDC R EPORTS , A FORMAL SERIES PUBLI SHING INFORMATION OF
PERMAN ENT TECHNICA L VALU E, DESIGNAT ED BY A SERIAL REPORT NUMBER .

(2) DEPARTMENTAL REPORTS , A SEMIFORMAL SERIES , RECORDING INFORMA-
TION OF A PRELI MINARY OR TEMPORARY NATURE , OR OF LIMIT ED INTEREST OR
SIGNIFICANCE . CARRYING A DEPARTM ENTAL ALPHANU MERIC IDENTIFICATION

(3) T ECHNICAL MEMORANDA , AN INFORMAL SERI ES. USUALLY INT ERNAL
WORKING PAPERS OR DIR ECT REPORTS TO SPONSORS . NUMBER ED AS TM SERIES
REPORTS; NOT FOR GENERAL DISTRIBUTION .

‘IV t — - 

~~~~L.V~VV _ VVV VV , .  ~! 
~~~~~~~~~~~~~~~~~~~~~~~ 

- _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . -—V _ _ . _ _  .4


