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SUGK ART

Tests have been perfomed to ascertain the effects of varying
load, moment of incrtia, and rodius of gyratoon on the stability limrts
of a high lengtheto-hesn~rotio dynamic model.  The tests were carried
out at hapgh bean leadings, with Cpa o in the mrge 2,00 = 3400 A
theoretical analysis has boun made OF the relation between the offects
of the various parareters, ond the results of the analysia compared with
experincntal results. The effect on the limits of a change from a
veloclty to a draught basce has also been considerceds

It hag becn found {nat the load i the most critical factor,
and thet provaded $he load is lept constant increasing the moment of
inertia has little cffcect on the limats, COood agreoment has been found
botweon the theorcivenl ticatment and cxperiment.
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le  INTRODUCTLON

Such cvidence as was avaealoble when this investlgationl’ 2 o
planned indicated that changes an the pitching moment of inortia of a
flying boat model dad not in thamsclves, when unaccompanicd by changes in
mads, have any appreciable effcect on the longitudinal hydrodynamie stability
limits, Por this reason, neo particular mement of inertia wos almed at in the
congtruction of models in #ic scrics (Table I) nor was any abttompt rmade to
vary the moment of incrtia accordinz to any particular rule while bringing
the nass of cach nodol to the vorious values ot vhich it was considered
desirable to test stobality. Bxtra weights vwore werely faxed to a bar
through the centre £ gravaty, thus keeping the moment of inertza
effectively constant,

Since provious inves tigations of tdsg matder did not cover the
same ranges of values of fhc various parametors iavolved as aro usced in this
prograine, howcver, it was folt adviseble to corry cub limsted tests on one
model of the serics to vurify that no particulor attention nceded to be paid
to the voalue of the noment of inertic. lodel B was usced as it pamitted
a morce ndequate renge of values to be covered than other models avaalables

For completencas three separate tests uere perforned, in cach
of which onc of the three parameters, noss (@), moment of inertia (I), and
rodiva of pyration (k), was held constant ot somc appropriate value, and
the other two paroneiters varicd over o foirly large ranze, longaitudinal
hydrodynardc stability limits becing obtained for each combination of values.
nss changes were, however, only considered $o show their interaction with
changes in the other parancters, moment of inertia and radius of gyratdon
being tho factors of direct intercste

Since I, m and k arc related by I = rk?, the effects on the
Llimits of changes in them are not andependeonts  tThey can be related
analytically by considerinz critical trim (dee. tne trin at which longitudinal
ingtobility sets in) as a function I, m, k aend velocaty and taking into
account the ilaplicit rcelatioms between the parmicters.  Deotedls of this
treatnent are gilven and conparisons nade of analytical and cxperaimental
regults,

It hoas beon surpzested ot limits plotbed on a draught base
would show smaller scnsitivity to ouss and incortia changes than those on a
velocity base., Grophs showing the cifccts of this change of base are
therefore ancluded, and the theoretiecal analysis has been extented 1o
indicate the rclation botween the two sobts of liwits.

The contre of zravity has beon token to be fixed throughout the
theoretical treatnent to correspond with the conditions of the mpodel tests.

3

In addition 4o dhe limits themselves, figures have been included
showina the arplitudes of porpoising an the unziable regions. These enable
the violence (or otherwaso) of the instabilify to be judged, ard comparison
of them shows the effect of chonges in mass ebcs on behaviour in these
rogions.

2e¢ PREVIOUS INVISTIGLTIONS

The mass of a Jynomic model is determined directly by the valune of
C 4 . at which 1t is to be testod. The behaviour of the Lodel at different
values of C,_ 4 1s governcd by & mucber of design fagtors, not all of which
are being investipgated at present. 411 nodels in the progranme will be
testeld ot at least two values of €, , and reference will be made at & later
stege to previous work relevant tothé bchaviour of the rodels ab vorious
loads an the appropriatc test conditicnse Dircet consideration will
therefore only be given here to provicus investaigations into tane effcots of
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varying the pitching moment of dnortia and radzus of gyration, though it
should be noted that A change of nmass will automatically imply a change
elthor in monent of dnertra or rodius of syration.

e effect of roment of inertio on the stability of a seaplane
was farst considered theorcticelly by Perring and Glauertt, who by
treating the planing surfaces as flat plates shoued that in the single
step case too small a moment of insrtia would produce instability at an
otherwise stable point while in the two-step casce too large o moment of
inertia would have this effeat. Their general conclusion was that in
model tosts the ratio wiss/momont of inertia was the most critical factor,
leos that the radius of gyration should bo miven 1ts correct scale value,
and that if the molel vas thon stoble an increase in the rodius of pyration
from thig value would produce instability in tho two-stcep casc while a
decreasc would produce nstbility in the one-atep casce Mo apccific
consideration was, howoevor, given fo which, if any, of I, m and k were to
be kept constant furing the changes mentioned for the conclusions to be
valid,

Richards and Htﬂtchinson5 also congiderel radius of Syration to
ve the factor which would have most effcect on stability, and mentioned
that changes in mass vhile retaining the radius of gyration ot its scale
value (by altering the moment of incrtia) still resulted in o movement of
the stability lamits. The latter point was investigatol by neans of the
Routh discriminant, and led to the conelusicn that both mags ond radius of
gyrs tion should be given corrvect seale values in model tosts. The size
of the effect refcorrel to in this report was rllustrated in Reference 6
for one particular modcl, the mess beins increased by 15% and the moment
ofr incrtia by 100%; the movement of the stability limit here was very
slight, being approximately one~fafth of the change preduced by a 30%
change of mass at constant moment of inertia.

In Refcrence 7, the results of fairly extensave tests on the
effccts of radius of gyration and moment of incrtia changes were given
both on critical trim and smplitudes of porpoising; the planing surface
used represented ithe forcboly wnly of a fiying boat hull, so that the
treatiment waz concerned with the lover limit. The *tests covered a range
of values of Gg . from O t0 2, of Oy from 3 to 7 and of radius of gyration
from C.5 to 1.3 Beomss An dneresosc in radius of gyrotion at constent
load wag found 4o lover the critical frim, vhile an increasce in load at
ceonstant radius of gyration raised ite Both these effccts viere fairly
large, being of the order of 2 Jdegpress for 100% chonge in the former casc
and 1 degree for a change from O o = 027 t0 0,40 an the lattera
Porpoising anplitudos wore found 40 increaso markedly with decrcase in
radius of pyratieon at congrant load,  Furtheor tests with a dynamic model
shovcd that thoe amplitudes slso increascd with ronent of inertia at
congtont raddus of ~yraticn. An analysis in thas report of conventional
flying boats showed them to have radii of gyration of at moat 1.55 beanms,
asgocrated wath a Ca o ¢f the order of 1.

Turthor limited data on the subjeet wuere siven by Olson end La.nda-
Little sipnificant chanze was found to result from increasing the moment cf
inertia of a dynamic wodel by 25% at constant load (Ca, = 0¢72). Samilar
results were guoted by Davadson for 100% change in momeht of inertia at
constant Ca of 0,89 in Refercnce 9,

The general conclusions of the various reports mentioned are
substantioted 1a other socurces but no quantitative dataare givens

It wall be scen that the experimental date menticned allrelates
to farrly low values of Ca .s However, the gencr2l theoretical and
experimental conclusicns may bo axpected to extend $o higher wvalues of
C;‘\ Ol

/ 3o DESCRIPTION



3+  DESCRIPTION OF EXPIRTMENTS

As already stated, the tests were carried out on ljodel B of the
series described in Part I of tiis accounts. Pull detalrls are given there
of the congideraticns affectinz the design of the models, bLut 1t may be
mentioned here that dodel B has a length to beam ratio of 11 {the forcbody
being 6 beams 1n length and the afterbody 5 beems), 4° forebody warp per
boam, an afterbody %o forebody keel angle of 6° and a straight transverse
step with a step deopth of 0415 beams. Figure 1 gives the hwll lines of
the model and Figure 2 photographs of 1t.

Longitudainal stobility tests werc male by tovwing thoe model from
the wing tips on the lateral axis through the centre of gravaty, the molel
beiny frec an pitch and ncave, Valucs of Cu _, moment of inertia, radius
of gyrotion and elovator setting -vere selectel “before cach run, and the modcl
towed at constant speed. The angle of trim wos noted in the steady
condition, and if the model proved sitible ot the speed selected 1t was given
nese down disturbances to determine vhether instability could be induced,
the amount of drsturbance nccessary to cause instobility being in the range
0 - 10°, gtabilaty limits were bualt up by these methods, the disturbed
limits evadently reproscenting the worst possivle case., When steady
porpoising did ocour, erther with or without disturbance, the omplitude wos
noted, amplitude for itnis purpose being lefined as the dafferonce belween
the maximum znd mnamun trims attained an the csexllation. Full Jetails
of the techniques used are siven in Refercnce 3.

The rninimusn value of Ca . widch gould be achieved was 2,00, and
the minimum moment of incrtia 21.3 10 « 42, 4 range of values of Cag,
was covered at this minimum moment of inortia by adding lead woights to o
bar through the centre of gravity (Figurc 3(a))s The addition of these
veights produced a change in the moment of inertia of less than 1%, so that
it can fairly be saild that the roment of inertia remiined constant, A
second serics of tests was performed at constant radius of ~yration with
Ca ~ Varying betwesn 2.00 and 3,00, this constant value btoeing cheosen as
1.28 £t sincc this was the only walue which coull be obtained at all the
valucs of C, , requared. Finally, with Ca, fixed at 2.50, the centre of
the range, the moment of inertia was increcasel by 407, elmost the moXimum
increase cbtainable at this ¢, o ond one which is likely to gxceed any
natural increase which arises in the manufacture of the modsls; moceover,
the range coverel was much wiler than would be likely full-scale. In these
last two cages the chogen moment of inertza was cbiained by slidaing lead
welghts along o light bar rumning forc anl aft inside the model; am showm
in Figure 3(b).

The stabality limits obtained in ‘these tests are shown in
Fagures L-9, ond the porpoising amplitudes 1 Figurcs 10~17, the limits also
being reproduced in these laticr figures for conveniencce

b»  ELPFRTMENTAL RESULTS

The results of individual tests are given in Figures 10-17, and
the stabilaty limits arce comparel in FPigures 4-G.



with the mass held constant and the moment of ancrtia and radius
of gyration varicd (Tgwres 6 anl 7) admost no change in the undisturbed
lirdts results; what daffercnce there is can be attributed to cxpoerimental
error, The disturbel Lirmits are ratier more waddly separated, but the
amount is stall not sigroficants The fact that the lanots are not in order
here tenls to confim this viose

Finelly, Firures 8 and 9 show that with radaus of gyration held
cons tant the variation of the limuts with lood is of the same order as in
the case of consiant rmoment of inortia, though herc theore arc no cases of
curves baing positionct out of orlere The variation herc can also of

course be considered as a moment of inertia eff act.

It is interes ting to note that in all cases the separations of
the undisturbed lower limits are of the same oxdor as the changes in hump
trims from load to load and thot at the higher speeds instability occurs
av gbout the same elovator settings in 211 cases.  Figures showing trim
curves have not been includced in fthis report since it is wath the limits
themsclves that it 1s concorned, but these figures will be piven in the
data report on Model B.

Consilering the throe sets of limits as a whole, it seems that
cver the ranges of volues considered the value of G , is the most
critical factor, =nd that neither changes in the radids of gyration nor an
the moment of inertia will nave any significant effect unless accompanicd
hy changes 1n C . o"

The effcets of the various changes on the amplitudes of porpoising
(Fioures 10-17) are an genernl less marked, thouwsh an all coses there 18 a
larse difference belween the amplitudes at corresponiing points an the
undasturbed and disturbel cases. With moment of inertia constant, an
incressc 1n load and Gecrease in radius of gyration produces a small change
in the amplifudes in the disturbed case and no discernible change in the
undisturbed case. Lt constant load there 1s a small ancrease with
wnereasing radivs of nyration and wement of incrtia in the disturbed case,
ond a most marked 1ncrease in the unlisturbed case. In the remaining case,
with ralmus of gyration constant, there 2s no evilence of caange an cither
directzon.

Tt 15 intcresting to compare these results wath those guoted in
Section 2 ag rclevant to lower values of Cp e Tnule the gpeneral,
qualitative, conclusicns of those refercnces are confarmed, the radius
of ayration has not been founl to have the laporitance 1t posgsessed at
lower loads; a5 already nentioncd, C,, | seems tnc only critical factor.
0f coursc, 1f, as 18 common in molel tedts, +tho moment of anurtia as held
appreciably constant while the loal is increnxsed, than o change in Ca g
is accompanied by a change an radius of gyration, so that in this sense
the value of the radiug of syration can be said to be critical.  However,
the results quoted in Jection 2 referred to 1imit chenges resulting from
chonpes m rodius of gyration at constant load;  thas effect x5 not
noticeable in the preszent cnse, though it is possible, but unlaikely, that
it exists ot other values of Q. , in the rangce 2.00 - 3.00. T may bo
notel that the value of raiius’ of cyration in the present tests ranges
bed eon 217 and 2.82 bewms, somewhat hicher values tnan those relevant
to Reference 7; since the rodiug of gyratoion off a full-scale versiomof
the design now tested would he about 2.2 beans, however, this ronge of
values is a realistic onc.
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5e  TILORERICAL ANJLYSIS

Let V denote velocity

O lkeel attrtule
d draught
i STEETS]
I noment of inertia
k rodius of gyration
and C critical trim (2.e. the trin at which longitudinal

instabalaty sets in for any particular velocity or draught).

Then the stability limits plotted against V and ey (25 in
Figures & ~ 9; Oy is merely a constont muliiplc of V) con e regardod as
graphs of € as a function of ¥V and twoe of T, m, and k; in fures L and 5
C 16 representod as a function of V, m and I, or V, k anl I: in Figures 6
and 7 of V, T and o, or V, k and m; and in Fijurcs 8 and 9 of ¥, I and
X, or V, n and k.

Because of the implicit relatronship I = mlc2 the separations of
the critical trim lines on these various grephs arc not all independent,
Thesc separatims can be represented amlytically by partial derivatives

of the t‘ype( :_)_g_\\‘ s+ Where the suffices indicate the variables taken as

NERZAN -
- el ]
the independent variables othor than the one with respect to whach
differentiation is bein, eff ectod, For converdence this derivative will
be vritten CI »% | and otheors written similorly. The complete set of

thesederivataves an the (ay,V) plane is

m,1 v,I V,ua
CV, ’ Cm’ L GI, ]
my ke V,x Vo

Gy s Cm s Ok P

Vsk

I,k
e’ T s

TUT ’

v,I

C Ck *

For relatronzs befvicen them we proceed ag follows;

let C = £(V,m,I)

}f w1 :})f
then 4 = &= v ao w2k ar
GV iy o
and since I = mk® = # (m,k) say,
) g
dl = Ia dn+’—i£;_- dlz
* 1:2 am + Zulodk

To find c;'l’ J there h, 1 and j arc the three variablcs chosen as independent
variables, dC¢ must fiirst be expressed in tems of dh, 41 and dJ onlya

2
C;,’Y is then the coefficient of dh in this expression.
Salle GE}’I = '_’l_f_, G}I,m = E}_f., GV’I = .3‘.{', ol since
3 Y . " SN
dc:-—-g av 4 2t Im qfflazclma-Erﬂﬂik)s
3V Jna AL 4
3 3 v v,m
c:;’k = 2f sz_f_g_ = cm’I + 1% 0" eto. Other rdlations
* l:-! d )

are obtaned by eliminating dm instd of 4.
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The st of relatians of tnis kind is

13, T ) &?,k _ C\If»k c e e e (1)
cz’k = GI::’I . kP Cg'& cene o (2)
C:i,m zznkc‘;sm e oo v s e s (3)
OIIc,v _ ci’ﬂ . j]‘;é‘ ci’l e e e e e (B)
Ci’v z__%_l 0:;’1 N )

4 simlor set of relations holds wita the deaught d replacing V throughout,
viz,

i, X i,k I,k ¢
C& :Cd =CE1 oc-o-oo()
m —— zn + k UI L] » - - - L L
d,m 3.7

? :21}11{(}:{;’11 0-01003(8)
k,d 1 a
C’f o= Gc’m e _1'. Cq,I .;---00(9)
I I 2 i

k

1,4 _ a,I

g = -2 g B €10))

The twe scts con boelinked os follows :-

In gencral &4 = 4 (V,n, 1) ord te tram curves given =n{ok,V,n) so

that & = d (V,nac ). In the tronsformation of stabalaty limits from a
velocity to a drausht Tase however all the points considered are points on
oritical trim lines so thata, = C anl d =d (V,m,0). Since C 1s already
known as £ (V,m,I) tins cen béreduced to d =4 (V,mI). Then wo have

¢ = £ (V,m,I) }
I = ml-:z ;’
d = y’f(v,m,I)}

and a similar treatment to thot already ermployed gaves relations linking
the various derivatives. Te obtadn

I,V
d,T V,I d? m,I
—_ Y . L L L] [ ] L] L L l
¢, = Gy a"’;’l Cy (11)
i,V
r,d 2,V dI m,I
= . ® & &+ a2 x ¥ = 2
0, o T Cy (12)
v
niy L
Im Y c e s e 13
and Ca Tom,I + » (33)
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which with the other two geta of relations care sufficiont to determine
all other possible relaticnse

6.  RELLTICN OF THECRY TO EXPERIRNT

45 oiready noteod, the separations of tne various lanats plotted
for comparison purposes i1n Fijures 4 ~ 9 can be related to the partial
derivatives emumerated in tho previcous scction, as con the slopes of tacse
limits. This is equally truc of both lasturbed anl undisturbed limits,
but consideration will only be siven here o the latter. -

For cxample, consider Fause be The slopes of the curves ere
given by C%Ef’m’ and their scparations normal to the velocity axis by GX’I

(it 18 dmmatorial that the non-dircnsional piramcters Cy 2nd Cp have

been used 1n ammotatin | the figure 1tsclf rather than ¥V and m - the effect
1z merely to channe the umits of measuremcnt). That the slopes and
sgparations are Jdiflferent in different scctions of the dragram mercly
indicates that the derivatives are not constants but are themsclves
Punctions of Vv, I, m ond k.

In & s:.?gllar mangor G%Er’m and Gv’ " give slopes and scparatioms
on Pigure 6 and Gv’m and Gg’ on Fizurc e It ghould perhaps b3 noted
that in all the cases so far mentwoned thore is an glternative cholce of
independent variablos; cCefe G%’” (Figure 4) could cgually well have been
C\;If’ks and G:;I;’I have bem C;;’I. The fact that the existonce of this choice
does not affect the slopos of the lumits is expressod by Equation (1) of
section 5; this equation also takus account of the fact that the varisocus
sets of limits consist in part of the same lzmits collected together in

d iff erent corbinations,

Equations (2) to (5) gave the theoretical relations betwecn the
verticol scparations of the Limits in Pipures 4, 6 ond 8. If it is
assumed that the movement of the limats an Fipureb zs ncgligible,\,r being
only 8i’mthe order of possible experimental error, then we have CI’m =0
and Ck’ = 0 (this 1s sclf-consistent: sec ITguation (3)). Eguatidns (2)

ond (4) then reduce to

v,k v,1

Ciq = Ons

2 T+

ant K BV = BT
I o

respectivelys The fairst of thesc eguatrons is in direct accord wath the
evidence of Fagures 4 and 8, the vertical separation of the limits for

Cz o, = 2400 and for C. o = 3s00 beinpg the same in both eases, sathin about
10%: all of this discropancy could be attributed to experimentzl error.
Verafication of the second relation is not darcetly possable without
exprossing the vericas deraivatives 1w functions of I, my k and V, but a
bricf caleulation realily shovs it to pive results of the correct order of
magnitudes  Eguatron (5) is self-ovident.
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ranerber that d in thoese cquations denotes drauvght at points on critical
trim lincs only). No experimentel readings of draught were obtained
durang the tests, but the reguisate wnformation con be obtained by a darect
compariscon of Figurcs 4, 6 and 8 with 18 - 20; this only invdlves the
assuaptio that the differcnce botwecn the draught of the forebody and that
of the corresponding welge shape 1g smalle These figures show that
E%’I is positive and iy 1 negative, and both wall be less thanl in the
its chosen.  Equation (13) gives the relation between the slopes of the
limits on the two hoscs, and becausc of the facts just mentioned shows that
they will be of opposate sign and that the slope on the draught base will
be greater than that on tho veloeity basc. Thas is confrrmed by all of
Figures 18 -~ 20,  (I"otc that in these figures droaugnt increases from right
to left so that slopes are reversca).

Bquatiorn (11) compects Fipures 4 and 18,  For the %ower limits
Y‘[ »
c;’I 1s nematave, so thot cr,l’ is predicted to boe less than Cm’ , wanich

is in fact the cosc. It is anteresting to note that this tendency for the
limits to collapse in chonging to a drauvght bose is only possible when the
slope of the 1limits is nerative; if it werc positive the collapse would
occcur in transferrins from o draught to a velocity baao,

Equation (12} cannot be checked acourately with the figures
available; it wes obscrved provicusly that the scatter of the lines in
Figure 6 could all be attributed to experamental orror, andif the curves
were corrccted before tramsposing to a draught bagse, then there would be a
complete collapse on both bases. go?' would be zoro wnder these

* Iy . m v L4 m, 1 -
circumstances, which sinee Oy’ 18 zero would imply that Cp° 48 g0
zero; this would be completcly self-oonszgtents

n analysis can be mode of Byuations (6) to (10) in exactly tho
same monner as was done vwath (1) to (5), ond gives very siumilar resultss
Details will not therefore be given horo.

Tt will be scen that all the analytical predictions have been
verified, and that therefore ian general it would not be neccssary fo cover
a complete ranze of a1l thne parametoers inoarder to ascertain the effect of
varying them; this could be done by o lumited scrics of tests together with
the results of gectacn 5. In o similor monner the effcets of arny change
of base could be predicted without actuslly carryins out the werks

7o  CONCLUSTO

The experimental evidcence obtained in this series of tests
indicates thot withan the range of values of parameters covered, only
the load has an appreciable effect on stabilaty limitse Waen the load
is held constont, moment of inertia incrssses of up to 40% have no
appreeicble effcct on the limits.

incroasc of the radius of gyration at constant mass hog the
effect of increasing the amplitude of porpoisjing particularly in the un-
digturbed case, while the amplitudes are not noticeably affoeeteld by
chanpes of masss

All the goneral predictions of the theoreticgl anmalysis have
been verificd; this inlicates that to obtain complete information on the
behaviour of a model under variations of the¢ various parameters involved,
1t is wmecessary to porform o larse nuamber of tosts, since all the
results can be forccast from a limited nurber of cxperiments. In tho
game way the cffect of a change of basc on stabilaty limits can be
scourately prcodicted annlyticaily.
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LIST OF SYMBOLS

beam

critical trim

velocity coefficient = V/Jréﬁ
lood coefficiat =A /b
loal coefficicnt at V = O
etc. see sgection 5

draught

pitching moment of inertia
pitehing radius of gyration
mass

water density

keel attitude
load on weter

elevator sebtting
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licdels for hvidrodynarnc stability tests

Model Forcbody Afterbody Afterbody-forebody ! Stop To dztermine
Warp length kecl angle form cffect of
degreos beams degroas
per beom
A ¢ 5 6 Forebody
warp
B L 5 6
c 5 é
2
bit]
D 0 L 6 52 Aftexrbody
B length
A 0 5 6 5
|4
£ g
B 0 7 6 13
[
F 0 9 6 o,
23
!
G 0 5 4 iLterboldy
angle
A 0 5 6
H 0 5 8




a: l
N ]
l i 1 "J_—"_:—-_I-_—_ 1 ] L | L
| 4 s 6 7 8 9§ 10 11 12 1
- 5b
= Q : - i ——

- -y

[ 1

HALF MODEL SCALE

MODEL B.

HULL LINES.




FiG. 2.

PHOTOGRAPHS OF MODEL B



FIG. 3.

LEAD WE[G?

(A)  Mass

LEAD WEIGHTS,
/ \

—_— *
CG
LIGHT ROD

() MOMENT OF INERTIA,

SCHEMATIC DIAGRAM OF ARRANGEMENTS
FOR VARYING MASS AND MOMENT OF I[INERTIA,



12
oS ==4,./
10 300 -
275 L e
\\ \
a
\ N\
250 4—— i
KEEL
ATTITUDE 225 4w \
(DEcReES) \ \
¢ 200 "_"‘\ N \
I= 203 LB.FT® \\
Co. | (8] k () [k(oANS) \
‘F 2.00 13-4 126 2-65 N <
225 | 151 19 | 2-50 UNSTABLE .
250 | 167 1-13 2-38 \
275 | 184 1075 | 226
300 | 200 | 103 | 247
2
o | 3 5 6 7
“v
MODEL B.

COMPARISON OF UNDISTURBED STABILITY LIMITS AT C



KEEL
AT TITUDE
(DEGREES)

Ca
o c
2.75 bo
3.00 ~\\-..__== 2:75
Te) Pt —— 300 —
2:50 ANYED 7(,\ = :‘2’:
225 S, 200
200 . N \;—— 250
LE. STABLE
e A} ]
\\—— 300
- 2:28
P—
275
. UNSTABLE. N~
IT= 213 LB.FT? he—— 200
Ca, (™ (L8)| k (F7) [K(eEAMS)
4 2-00 13-4 1-26 2-65
225 151 -9 2:50
2:50 16-7 1113 238
275 184 1-075 226
3.00 20-0 103 247
2
o 2 3 4 3 6 7 ) 9 0 i 2
Cy
MODEL B.

COMPARISON OF DISTURBED STABILITY LIMITS AT CONSTANT MOMENT OF [NERTIA.

'S 'Ol



ATTITUDE ~ DEGREES

KEEL

12

- I = 26°S
' \ -—
. I = 29.82
\ I = 21.3
8
STABLE
z
o UNSTABLE
4
Céo = 2'50
wm = |67 LB,
; 1= 265
2 | I(Le.FT3) K (FT) & (BEAMS)
213 53 2-38 =
I= 2.3
29-82 34 2:82 1 2982
26-5 26 2.65 =
o)
) 2 3 4 3 6 7 8 9 10

MODEL B. COMPARISON OF UNDISTURBED STABILITY LIMITS AT CONSTANT MASS,

9 'Old



FIG.7

"SSYWIW  1INVLISNOD 1V SLINIT ALINEVYLIS qQ3guNLsSIigd 40 NOSIHVAWNOD ' 8 13Q0W
' A
o] 6 ) L 9 S 2 4 € 4 i
0
§9-Z 9Z:| 5-92
z8-2 yE- z8:62
g€-2 €ial €2 .
BSOZELE] (1% (L3
AT Lt = w,
0§ = ©vy
v =~
m
r-
X
i
28:62 =1 9§
m
92 =1 |
379VYLSENN =4
m
o
v ]
Py
w v
€12= 17 =T
NQ.QN“ H
\\ 379YLS
///l. d / a\m.own I o!
sgz=14———T1T" "

4|



"NOILVYAD JO SNIAVY LNVLSNOD LV SLINIT ALliNigvis J3gANLSIANN 40 NOSIBVIWOD

FIG. 8.

'd u_w>OOS_
1 o1 é 9 L 9 2 s y £ z |
~

ooz aV/ L4g | o0z | oot
<] 5-92 Lo | osz

€12 vel | oot

067 — =~ .

I/.. fLaeYI| (an)™ V5

oo-n . . = | &
oo, % / SIWY3Q $9-Z = L4 921 =Y

/ “379VYISNA
37avis /

00%
8.@'“)‘!/
.../V Pr= 00t

052




KEEL
ATTITUDE
(oecrees)

3-00
\ CA,
\-—-_ 2'50
STABLE 2 50 4= —
\< 300
P
200 __‘.) - 200
STABLE.
T 2:50
/ - 200
UNSTABLE. n e
k=126 FT = 2-45 BEAMS.
Cs, [~ (B 1(BFrY
2:00 13 4 21-3
2:50 157 265
3-00 200 37
3 S 6 a 9 o i
MODEL B.

COMPARISON OF DISTURBED STABILITY LIMITS AT CONSTANT RADIUS OF GYRATION.

‘6 Old



KEEL ATTITUDE  DEGREES)

( DEGREES )

AT TITUDE

KEEL

FIG. 10

10 %
NN
/s |
3
3
g
STABLE
6
X
b 4
3\ !
4 N
4
2
c — L]
a, = 2:00 |
X |/2
2 M = 13-4 1B 4
I = 21-3u8 F7° \
k = 1.26F7T >~
= 2:65BEAMS 4
o l
4 5 6 c 7 8 9 ro
v
UNDISTURBED  CASE
(Fsc;um-:s INDICATE AMPLITUDES OF PORPOISING IN DEGREES )
10 "
x 1% T\
8 \
STABLE },ﬁ x
X 8
x {0
8
8 = STABLE
x 9
9
x
xX
8 x
6 8.
xX
T " MODEL
4 = 200 PERIODICALLY
4 m = 134 L8 LEAVES WATER
I = 2¢.3y8 FY?
K = 126 FT
= 2.65 BEAM
) 1 |
a s 6 .7 8 9 1o
DISTURBED CASE
MODEL B
PORPOISING AMPLITUDES

AND STABILITY

LIMITS (1)



KEEL ATTITUDE (DEGREES)

( DEGREES )

KEEL ATTITUDE

FIG. | I

NG
\
2 e
8
N STABLE
3
3:\
6
4
\"l
X
Ca, = 2:25 4 |
3 W = 15.1 LB %
I =21-3.BFT? X
Kk = 119 FT
- 2.50BEAMS
o I |
4 5 6 c,’? 8 9 o)
UNDISTURBED  CASE
(nsunes INDICATE AMPLITUDES OF PORPOISING IN Decnzzs)
/o
o1 8 * )
STABLE 3 ::) o ‘;R x|
s %
N x x
Py
2), 9 sTaBLe 2
x
x
8 9 9 x
X g
9
\_//
MODEL
6 PERIODICALLY
LEAVES WATER
CAO.-: 2425
4 M = 154 LB
I = 2i-3LB FT3
k = i-19 FT
= 2-SO0BEAMS
, 1
4 5 6 c 7 8 9 10
v
DISTURBED CASE
MODEL B
PORPOQISING AMPLITUDES
AND STABILITY LIMITS (2)



KEEL ATTITUDE ~ DEGREES

KEEL ATTITUDE ~ DEGREES

0 \"4\“
3
n
" \{VQ\
2
8
x
) STABLE
x
5
6 2*
N
o
4 x
i
m = 167LB l
I =231 FT2 x N\t 2
K = |13 FT 3
= 238 BEAMS. \
2 | 3
4 5 6 7 8 9 10
Cy
UNDISTURBED CASE
FIGURES INDICATE AMPL{TUDES
OF PORPOISING IN DEGREES
10 “3 X *e ~
STABLE 9 N
n
12
3
e
A STABLE
8 1,6 \
o
»”
7 10
6 \
\.“
MODEL PERIODICALLY
LEAVES WATER
41 1] CAO = 250
M = 167 LB.
I = 213LB FT2
kK = FI3FT,
= 2.38 BEAMS
2 ] |
4 5 6 7 8 9 o
Cv
DISTURBED CASE
MODEL B.
PORPOISING AMPLITUDES

AND STABILITY LIMITS (3)

FIG.12



(veEGREES)

KEEL ATTITUDE

( PEGREES)

KEEL ATTITUDE

FIG. I3

12
l [ —————
10 *
|
~N
5’\ STABLE
8
4
] \
I|/2
Cap = 2475 N
4 m = 18-4 LB 3
I = 21-3L8FT \
k = [-075FT
= 226 BEAMS %
3
, 1 1

4 s [ 7 8 9 10
Cv

UNDISTURBED CASE
(FIGURES INDICATE AMPLITUDES OF PORPOISING IN DE.GREES)

12
X X X
STABLE 9 o, & 7 S—
10 X X X
4 9 9 9
3
STABLE
); K'o b
7
X
8 {} D,
a\
x
* )
C i1
g = 2°75 .
6 m =184 LB MODEL ~
a1
I =213LBFT PERIODICALLY
k = 1075 FT LEAVES WATER
= 2:26BEAMS
. I I |
4 5 6 7 8 9 10
Cv

DISTURBED CASE

MODEL B.
PORPOISING AMPLITUDES

AND STABILITY LIMITS (4)



(DEGREES)

KEEL ATTITUDE

(oeGreES)

KEEL ATTITUDE

10

FIG. 14

STABLE Xy X * X
6
é
STABLE
2
%
3\
A, = 3-00
m = 200 LB -
I = 213 LB FT° 5 N |
k = 103 ¢ \\
= 217 BEAMS p
4 s 6 7 8 9 e
Cy

UNDISTURBED CASE
FIGURES INDICATE AMPLITUDES OF PORPOISING IN DEGREES)

5"3‘;/
2-X X ,
) 10 v o
)
? STABLE
10
»
)
N
8
0
€a,= 300 MODEL
m °= 20-0 LB. PERIODICALLY _
I = 243 8. f72 LEAVES WATER
k = .03 FT,
= 2-17 BEAMS

Cyv
DISTURBED CASE

MODEL 8.
PORPOISING AMPLITUDES

AND STABILITY LIMITS (5)



o ® o

KEEL ATTITUDE (DEGREES)

IS

o

KEEL ATTITUDE [PEGREES)
>

FIG. IS

DISTURBED CASE

MODEL B.

PORPOISING AMPLITUDES
AND STABILITY LIMITS (6)

N\
0
STABLE
N
5
N
3
2
C°°= 250
M =16 7 LB, g
1 =265 LB FT?
kK = 126 FT
= 265 BEAMS, ~———
| i 3
4 5 6 7 8 9 O
Cv FIGURES INDICATE
UNDISTURBED CASE AMPLITUDES OF
PORPOISING IN DEGREES
9 \
STABLE x /
X Y
x
/4 8
STABLE
x
9
x
|cx
&-—-—-“
Cag= 250 MODEL PERIODICALLY
M =167 LB LEAVES WATER
I =265 LB FT?
K = 126 FT
= 26%5 BEAMS
5 6 7 8 9 10
Cv



KEEL ATTITUDE (DEGREES)

KEEL ATTITUDE (DEGREES)

STABLE /j

FIG. 16

10 — % \
i 2
t
1/2 \_
i
2
8
STABLE
6 \
4 C°°=3‘°.0 X
M =20.0 L8 N
1 =31:7 LB FT2
k = 126 FT
w 265 BEAMS,
2 I
5 s 7 8 9 10
Cv
UNDISTURBED CASE
FIGURES INDICATE
AMPLITUDES OF
PORPOISING IN DEGREES
12
STABLE
:
X H|1 X )?(/ .\
' LI JIO \
STABLE
8
X
N
6 Cap™ 300 VIOLENT| MOTION
M =200 LB WiTH | MODEL
[ =317 Lp FT2 LEAVING | WATER
k = 126 FT
= 265 BEAMS
4 | |
5 6 7 8 9 10

Cv

DISTURBED CASE

MODEL B.
PORPOISING AMPL|TUDES
AND STABILITY LIMITS (7)



KEEL ATTITUDE (DEGREES)

(DEGREES)

KEEL ATTITUDE

o

-

FIG. 17

\?\E
I
STABLE
~
k\
C4, * 250 A
m  36-7LBS \
1 =29-82L8 FT?
K =s¢34FT
2.82 BEAMS 2
4 5 6 7 8 9 <Jo

Cv
UNDISTURBED CASE.

(FIGURES INDICATE AMPLITUDES OF
PORPOISING IN DEGREES

|x = ol \
STABLE /,‘9 9 10 \
5 10
. 1o STABLE
» 9 L]
9 9
3
8
=
i0
| 4
7 \
. —
10
VIOLENT MOTION
WITH MODEL
CA = 2.50 LEAVING WATER
-]
m »|6-7 LB
1 =2982(BFT?
k = 1-34FT
= 2-82 BEAMS,
5 6 7 8 9 10
CV
DISTURBED CASE

MODEL 8.
PORPOISING AMPLITUDES
AND STABILITY LIMITS (8)



FIG.

4¢

3.00—

275—

250
2 25—

\ STABLE
N\

=T RO\

UNSTABLE \ \\\
=203 LB.FTZ \

Cae wiLB) kiFT) kipeams)

I y

KEEL ATTITUDE (DEGREES)

o1 | 20 [ 134 | t2c | 265
225 | 151 | 19 | 250
250 167 | 113 | 238
275| 18.4 | 1075] 226
300 I_zlg.o 103 | 247
)
16 1.5 -4 13 |2 X

DRAUGHT o . 406 _+Co (INS)
do-zas

K
MQDEL B.

COMPARISON OF UNDISTURBED LOWER LONGITUDINAL
STABILITY LIMITS ON A DRAUGHT BASE.

(1) CONSTANT MOMENT OF INERTIA,

Cv

18



KEEL ATTITuDE (DEGREES)

(-]

F 9

FIG. 19

[ =265

1 =29.82

=217

NN

STABLE

UNSTABLE

N

I (LB FT2

Cpp™25

Mm =167 L8

} k{FT) k{BEAMS]

N

20 3
26 5

| 29 82

1-13
1-26
.34

2138
2:65

2:82

I-5

ODRAUGHT d - 4.06  ./Ca

-4

o 205

GKK
MODEL B.

Cv

1-3

(INs)

COMPARISON OF UNDISTURBED LOWER LONGITUDINAL

STABILITY LIMITS ON A DRAUGHT BASE.
(2) CONSTANT MASS.



(pEGREES)

KEEL ATTITUDE

2

FIG 20

c‘ o = 3‘00
C,, =250 &
\\ STABLE
\\\
C,, =200 q\
UNSTABLE\
k*1 26FT: 2:65 BEAMS
Ca, |m (B) I{e-F7)
—1 2-00 13-4 213
250 16.7 265
300 | 200 a7
16 15 14 13 1.2 1-1

DRAUGHT d = 4-0:“. J<a (ins.)
L™ e,

MODEL B

COMPARISON OF UNDISTURBED LOWER
LONGITUDINAL STABILITY LIMITS ON A
DRAUGHT BASE

(3) CONSTANT RADIUS OF GYRATION






C.P. No. 202

{16,201)
A RC. Technical Report

Crown Copyright Reserved

PRINTED AND PUBLISHED BY HER MAJESTY'S STATIONERY OFFICE

To be purchased from
York House, Kingsway, LONDON, W C 2 423 Oxford Street, LONDON, W 1
PO Box 569, LonpoN, SE 1
13a Castle Street, EDINBURGH, 2 109 St Mary Street, CARDIFr
39 King Street, MANCHESTER, 2 Tower Lane, BRISTOL, 1
2 Edmund Street, BIRMINGHAM, 3 80 Chichester Street, BELFAST
or from any Bookseller

1955
Price 3s 6d net

PRINTED IN GREAT BRITAIN

§ 0. Code No. 23-9009-2

C.P. No. 202



