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James Foggo  Allan, Dumbarion, Scotland, as-
signor to William Denny and Brothers Limited,
Dumbartoen, Scotland, and Brown Brothers and
Company, Limited, Edinburgh, Scotland
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In Great Britain March 20, 1945
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14 Claims.

1

.- The present invention relates to anti-rolling
apparatus or roll stabilizers for ships. More
.parficularly the invention relates to the type of
‘apparatus including lateral fins arranged -at-or
‘abott, the turn of the bilge of the ship and in
which mechanism is provided for imparting tilt-
ing movement to the fins about axes disposed
,athwartshlp to produce anti-rolling couples on
a travellmg ship.

-In known constructions of this type the total
"area of the fin surface required is large, irre-
spectlve of whether this area is provided by one
‘fin’ or by a plurality of fins on each side of the

, ‘Shlp and therefore the fins protrude a consider-
able distance beyond the lines of the hull and in
the event the fins are retractable a large amount
of-internal space is required for housing the same
when they are not in use. In some constructions
it is -necessary to provide a large number of non-
retractable fins if the out-reach is not to exceed
the thaximum considered acceptable as aperma-
nent:protrusion in the vicinity of the bilge of the
ship.: It is believed obvious that the larger the
fin‘area the greater the amount of power that
will ‘be required to tilt the same and therefore
likewise the greater moment of inertia that has
to bé overcome before the fin has tilted with the
resulting disadvantage that the response of the
ﬁn't() the controlling mechanism is rather slow

by minimizing the efficiency.

tioii to provide an anti-rolling apparatus in which
the stabilizing surfaces will provide for maximum
efficiency with minimum fin area regardless: of
whether this fin area is provided by one or a plu-~

- rility of fins on each side of the vessel or whether
these ﬁns are fixed or retractable within the hull
line.

" "It is a further object of the present invention
to provide in an anti-rolling apparatus a fin ar-
rangement in which each fin includes a main and
auxiliary fin in hinged connection with each other
along a line parallel with the main axis about
which the fin may be tilted as a whole and in
which means are provided for tilting the auxiliary
fin relative to the main fin in the same direc-
tion as but of greater amplitude of movement
than the tilting movement of the main fin thereby
providing an arrangement in which the auxiliary

> It is therefore an object of the present inven-
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fin augments the action of the main fin to in-
crease the efficiency of the fin as a whole.

An additional object is to provide in an ar-
rangement in which the: fins are retractable with-
in the hull and means for extending and retract-
ing the fins to provide for ease of operation of
the fin including a two part shaft, one carrying
the fin and mounted for axial movement relative
to the other and the other: part being in splined
connection with the axially movable part and
capable of oscillation to impart tilting movements
to the fin as a whole.

A further object is to provide mechanical means
operatively connected to the auxiliary fin and re-
sponsive to the tilting movement of the main fin
to impart tilting movement to the auxiliary fin
relative to the main fin while the main fin is
being tilted.

It is an additional object to provide in- anti-
rolling apparatus an overall increased efficiency
for ships with bilge keels by disposing the sta-
bilizing fins in such manner that they are gen-
erally co-planar with- the planes of the bilge
keels.

Further and more specific objects will be ap-
parent when taken in connection with the fol-
lowing. description with reference to the accom-
panying drawings in which:

Figures 1 and la are views in cross-sectional
elevation 'of respectively the port and starboard
halves of the hull of a ship in which the inven-
tion is provided;

Figures 2 and 2a are corresponding plan views;

Figure 3 is a view in section on a plane indi-
cated by the line IT-—TIIT of Figure 1a;

Figure 4 is a fragmentary view in sectional ele-
vation showing on a larger scale certain details
of construction;

Figure 5 is a side elevation of a retracted fin
unit tilted downwards to show details of one form
of a2 mechanical linkage arrangement for tilting
the a,uxiliary fin;

Figure 6 is a view similar to Figure 5 wmh the
fin unit in the neutral position;

Figure 7 is a diagrammatic representation of
an alternative construction of fin unit;

Figures 8 and 9 being fragmentary plan views
showing two alternative manners of applying the
invention to the hull of a ship;

Figures 10, 11 and 12 are diagrammatic repre=
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sentations of a fin unit in end elevation showing
various relative positions assumed by the main
and auxiliary fins and the parts of a linkage
mechanism for tilting the auxiliary fin;

Figures 13 and 14 are diagrammatic representa-
tions of a non-retractable fin unit employing a
toothed sector linkage for tilting the auxiliary
fin, Figure 13 being a view in end elevation and
Figure 14 being a plan view.

In the drawings the stabilizing fin comprises
a main or forwsrd fin part { and an auxiliary
or rearward fin part 2. The parts are hingedly
connected to each other along an axis indicated
by the reference numeral 3 which is shown as
parallel with the axis 4 constituting the msain
axis about which the fin as a whole is tilted. As
shown the axis & about which the two fin parts
are hinged to one another is disposed at a posi-
tion in the vicinity of the aft edge of the main
fin part { and at a position between 0.20 and
0.30 of the total distance between the leading
edge of the main fin | and the aft or frailing
edge of the auxiliary fin 2 and which disposition
of the axis § results in the auxiliary fin 2 having
fore and aft dimensions of from % to 3% of the
corresponding dimensions of the main fin. It is
further rioted that the axis 4 about which the fin
as a whole may be tilted is centered a suitable
distance for bhalance behind the leading edge 6
of the fin part ¢ at a position between 0.30 and
0.35 of the total combined. fore and aft dimen-
sioris of the main and auxiliary fins, or in other
words between the edges § and 6.

For tiiting the fin as a whole about its axis it
is mounted on axially movable tubular main shait
7, see particularly Figure 4, extending through
a gland 8 provided in the inner end of a housing
9 secured to the shell plating 18. In the housing
there are provided guide rails {1 for a cross-head
12 providing a bearing for the outer end of the
tubular shaft.

Into the shaft and through an internally square
sectioned gland {3 extends a square sectioned
oscillatory shaft {8 which is also tubular, and on
the end of this shaft there is provided a piston

15 with which is associated packing 18, the piston

being secured on the shaft by a nut 1.

The piston is circular in section and within the
bore of the shaft I4 there is located a tube #8
leaving a space £9 between its exsernal surface
and the inner surface of the squared shaft, the
tube itself providing a further passage 20. -

These passages are in communication with
ports 21, 22 respectively connected through a re-
versing valve or system of vaives with a pump by
which fluid under pressure may be admitted to
one or other side of the piston, fluid on the op-
posite side of the piston being allowed to escape.

According into which end of the chamber 23
provided in the shaft T fluid under pressure is
introduced, the fin will in the constructions illus-
trated in Figures 1to 6, be extended or retracted.

For rotating the fin as g whole about the axis
& to the squared shaft there are secured arms 24,
28a.

One of these arms.is connected by a link 25
with an arm 26 on a shaft 27, while the corre-
sponding arm 24a is connected by a link 2Ba
with an arm 26a on the other end of the shaft
271.

The position of these arms and their related
link is shown more clearly in Figure 3 and this
arrangement of the linkage between the arms on
the shaft is necessitated by the fact that when
the fin on one side of the vessel is tilted upward
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or downward, the fin on the other side of the
vessel must be tilted downward or upward.

For imparting such motion to the shaft 27
which is connected by two arms 28 through links
29 with the ends 38 of a cross-head 31 secured
to rams 32, 3%a operating in cylinders 33, 323q,
so that to whichever of these cylinders fiuid under
pressure is admitted, fluid being aliowed to ex-
haust from the other cylinder, the crosshead will
be moved upward or downward and thercby im-
part motion of the character in question to the
fins as a whole. i

For controlling the admission of fluid to these
cylinders there is provided a mechanism gen-
eraily of the character employed in known con-
strueticns in which fins or horizontal rudders are
provided on ships and, for example, a mecha-
nism as embodied in prior Patent 2,099,380, which
is owned by the assignee of the instant invention.

When the main fin part { is rotated about the
axis 4 this movement will impart motion to the
auxiliary fin part 2 relative to the main fin in
the following manner, as illustrated more par-
ticularly.in Figures 5 and 10 {o 12.

As illustrated the hinge pin 34 is rigidly con-
nected with the arm 35 serving as a tiller for
the auxiliary fin 2. This arm constitutes one
element of the mechanical means that effects the
movement of the auxiliary fin relative to the
main fin and by means of a pin 36 the outer end
of the arm 3§ is connected with one end of a link
or movable part 37, the oither end of which is
pivoted on a fixed pin or pivot 38 mounted on
the cross head 2. It is noted, therefore, that
as the fins are extended the pin-38 constitutes
an element of the motion imparting means that
is fixedly supported with relation to and movable
with each fin upon extention. With the arrange-
ment of the elements just described it will be
seen that in rotating the main fin | about the
axis & relative motion between the main fin and
the auxiliary fin will be effected in one or the
other direction depending on whether the main
fin [ is tilted in a clockwise or counter-clockwise
direction. As illustrated when the main fin { is
tiited upwardly from a neutral position the trail-
ing edge of the auxiliary fin is likewise tilted up-
wardly as shown in Figure 10 but through a pro-
portionately greater angle than the angle of tilt
of the main fin. When the trailing edge of the
main fin is tilted downwardly, as illustrated in
Figure 12, the trailing edge of. the auxiliary fin
is tilted downwardly through a proportionately
greater angle. In connection with the relative
tilting motion as regards the main fin; the maxi-
mum angle of tilt provided for this fin will gen-
erally not exceel 20° from a neutral position and
the tilting movement of the auxiliary fin can be
such that it will be rotated about its axis or hinge
connection with the main fin through an angle
on the order of between 1% and 1% times the
angle through which the main fin is rotated and
in the same direction of movement. In other
werds, the auxiliary fin will move. through an
angie of between 25° and 30° from the neutral
position when the main fin is moved through an
angle of 20° from the neutral position.

It is to be noted at this time that when the fin
as a whole is in its neutral position or has zere
tilt the auxiliary fin is inclined slightly down-
ward toward its rearward edge as shown in
Figure 11. This is because the construction of
the elements 35, 36, 37 and 38 while of simple and
robust character is asymmetrical and would nor-
mally give a slightly greater relative tilf in-a
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raised position than in a lowered position. The
slight downward tilt at the intermediate, neutral
position is of little or no consequence when the
main fin is in the neutral position but corrects
for the asymmetry of the arrangements in other
positions. Nevertheless it is still apparent in the
neutral positions that the main and auxiliary fins
are in substantial alignment. :

It is' further to be mentioned: at this- point
that when a- retractable.fin arrangement  is
adopted the required stabilizing forces can: be
obtained from a single fin of the above type
on.each side of the vessel and located near mid-
ship and as close to the bilge corner as possible.

In the construction shown in Figures 1 to 6
the trailing portion of the fin is shown hinged to
thé forward portion so that no.gap is left be-
tween the two portions thereof.” As disclosed the
hinge line is in close proximity to the leading edge
of the auxiliary fin and the trailing edge of the
main fin, in which ecase in effect, the surfaces of
the two fin portions provide substantially unin-
terrupted surfaces even when tilted relative to
each other.

An alternative construction is illustrated in
Figure 7 where the main or forward part { and
the trailing portion 2 are hinged together along
a line which lies forward of the rearward edge
of the main fin so that when the auxiliary fin
rotates relative to the main fin a slot or gap 39
will be formed between the leading edge of the
auxiliary fin and the trailing edge of the main fin.

The construction described with reference to
Figures ‘1 to 6 show retractable fins which are
of relatively considerable span.

Within the scope of the invention, a plurality

of fins of restricted span may be provided .and
these fins which are indicated by the reference
8 and are each constituted by forward and trail-
ing sections are located on the line of the bilge
keel 41 as shown in Figures 8 and 9.

In the construction shown in Figure 8 a guard
42 is provided on the adjacent ends of the bilge
keels:between which a space 43 is left for the
accommedation of the fins.

In the case of the construction shown in Fig-

ure 9-the bilge keel is also interrupted but in this
case a plate 44 is provided conneciing the two
portions of the bilge keel, and. stiffeners 45 are
provided between this plate and the skin 46 of
the hull.
- With such an arrangement it will be preferable
- to.widen the bilge keel so that for instance as-
suming the chain-dotted line 47 represents the
outer web of a keel such as would normally be
Jbrovided, the outer edge of the keel actually em-
ployed' in accordance with the invention is as
indicated by the reference 48.

In the construction shown in Figures 1, la and
2, 2a, the housings into which the fins may be
retracted, as will be seen, extend beyond the
‘general surface of the skin of the hull,

-+ ‘The outer wall 49, in this construction, is pro-
vided with an aperture 59 of the form shown in
Figure 5, and arranged to be partly closed when
the fin is retracted by an end plate 51 secured
tothe outer end of the fin. y :

. In certain of the figures there is also shown
an inner end plate §2 which when the fin is ex-
‘tended will operate partly to close the aperture 50.

In many cases it may be desirable to avoid any
extension beyond the general surface of the hull
An the vieinity of the fins and in this case the
Aform’of the hull will be generally as shown in
‘Pigures-5and 6.0 . - 0 R
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“tor 83 meshing with a toothed sector 55.

6

In the embodiment illustrated diagrammat-
ically in Figures 13 and 14, the auxiliary fin 2 is
rigid with hinge pin or shaft 84 and a link or arm
54 acting as a tiller, the other end of link 54 be-
ing connected to or integral with a toothed sec-
The
latter sector is concentric with axis 4, namely,
the axis about which the main fin | is tilted,
but is secured from rotation, conveniently by fas-
tening to the side of the ship:: With such a con-
struction, if Ri be the radius of sector 55 and
Rz that of sector §3, the proportion of the angle
of tilt of the auxiliary fin to that of the main
fin is ciearly always

Bit-Ry
R,

which, as’indicated above, is preferably from
1.25:1t01.5:1. , -

It is to be noted that with regard to the fore-
going deseription the particular arrangemernt of
parts provides for maximum efficiency with mini-
mum area of fin since the auxiliary fin augments
the action of the main fin. The manner in which
the auxiliary fin is moved relative to the ‘main
fin has been disclosed in connection with the par-
ticular embodiments of Figures .10 to 12 and Fig-
ures 13 to 14. However, it is pointed out that
while the term link has been utilized with par-
ticular reference to the element 37T the invention
is not to be limited other than by. the scope of
the appended claims. It is clear that both par-
ticular arrangements disclosed embody mechan-
ical linkage means operatively connected with
the auxiliary fin and responsive to the tilting
movement of the main fin for tilting the aux-
iliary fin in the same direction as but through a
greater amplitude of movement as regards the
main fin. The term linkage as herein utilized
is not to be limited in its meaning to denoting
a system of links but is utilized in a broader sense
as to denote and mean the act of linking or
coupling the auxiliary fin for movement with
the main fin. . As indicated in Figure 13 the cou=
pling effect is obtained by the meshing of the
teeth on the respeciive sectors:'53, §5. It is fur-
ther to be noted that in connection with Figures
10 to 12 the arrangement provides three par-
ticular elements. The arm or element 35 which
is movable relative to the main fin and rigid with
the auxiliary fin, the fixed pivot pin 38 and the

link 37 pivotally connected between the outer

end of the arm 35 and the pivot 38. "In the ar-
rangement of Figure 13 the arm 54 which is rigid
with the shaft 34 consisting of the pivoting axis

of the auxiliary fin 2 relative to the main fin { has

embodied with it the sector 53 meshing with
the fixed sector 53. .

It is further pointed out that in connection
with this invention that fins as illustrated may
be arranged either to be permanently extended
beyond the line of the hull or be of the retract-

‘able type capable of being withdrawn within the

hull within the housing provided therefore. In
this latter instance the plate at the inner end
of the main fin will be of a size suitable to in-
chude the fore and aft dimensions of the main
and auxiliary fins and be operable within g suit-
able aperture in a shell plating. Further with
this arrangement the plate may be provided at
the oufer end of the fins and function to close

-the aperture in a shell plating when the fins are

retracted. .
- It is further noted that whefi a non-retract-
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able fin arrangement is provided the required
stabilizing forces may be obtained by a plurality
of fin systems of the above described type on each
side of the vessel. The out-reach of these fins
may be commensurate with the depth of a large
bilge keel and they may be fitted on the line of
the bilge keel and preferably along the -mid-
ship portion therecf, the bilge keel being inter-
rupied over the length occupied by the fin units.
Between each fin unit a fore and aft gap equal
to at least four times the fore and aft dimen-
sions of a fin unit, measured from the leading
edge of the main fin to the trailing edge of the
auxiliary fin, will be left clear, and a suitable
gap will also be left beiween the end fin units
and the adjacent bilge keel. A continucus outer
bar may be fitted at the outer edge of the bilge
keel enclosing and protecting the area of the fin
units. Suitable support for this bar will be ar-
ranged over the fin area so0 as not to interfere
with the flow of water toc or irom the fins. Al-
ternatively, no protecting bar may be fitted but
the bilge keel adjacent to the fins fore and aft
may be suitably shaped and hardened so that it
will cut any rope or other obstacle which is liable
to foul the fins.

When multiple fin units are fitted the means
of operation may be either individual or linked
together in groups.

I claim:

1. Anti-rolling apparatus comprising lateral
fing arranged subs.antially at the turn of the
bilge, means mounting the fins for tilting move-
ment about axes disposed athwartship, each of
the fins including two parts in direct hinged con-
nection one with the other along a line parallel
with the main axis about which the fin may be
tilted as a whole, said parts constituting leading
and trailing sections and mechanical means for
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securing relative motion between the two parts of -

the fin including an element operably connected
with said trailing secuion and responsive to the
movement of said leading section for constrain-
ing the movement of said trailing section to piv-
otal movemeni of the said direction as but in
greater amplitude than said leading section, said
mechanical means furcher including at least one
movable part connected to said element providing
relative motion between the two sections of the
fins dependent both in magnitude and direction
upon the tilting motion imparied to the fin as a
whole, said element being disposed in a plane
perpendicular to said axes and constrained for
movement in an arcuate path and thereby di-
rectly exerting force on said trailing section ad-
jacent ics axis of pivotation relative to said lead-
ing section so that when the fin is in a neutral
position the respective median planes of the two
sections will be in substantial alignment and
when the fin as a whole is rotated to elevate its
leading edge upward, the median plane of the
trailing section will be inclined downward to a
greater extent than is the median plane of the
forward portion and conversely when the fin as
a whole is tilted from iiés neutral position so that
the leading edge of the leading section is jowered
the median plane of the trailing section will be
inclined upward to a greater extent than is the
median plane of the leading section.

9. Roll stabilisers for ships comprising fin
means extending laierally from opposite sides
thereof substantially at the turn of the bilge,
means for supporting and tilting the fin means
including mechanisin operable to apply respective
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8

opposite tilting movement to the fin means at the
oppostie sides of the ship about main axes dis-
posed athwartship to produce anti-rolling cou-
ples, each fin means including a leading section
and a trailing section, each having leading and
trailing edges, means pivotally interconnecting
said sections along an axis spaced from and par-
allel with the main axis about.which said fin
means tilts as a whole, said means including a
pivot journalled in the leading section adjacent
the trailing edge thereof, said trailing section
being rigidly connected to said pivot over a sub-
stantial poriion of the length of the pivot, and
means effecting relative motion between said sec-
tions including an element fixed with relation to
said main axis about which the fin means tilt
and mechanical force applying means operably
connected between said pivet and said element
and movable in response to the tilting movement
of the fin as a whole to exert force on the trail-
ing section to tilt the same in the same direction
as the direction of movement of the leading sec-
tion but of greater amplitude.

3. A roll stabiliser as defined in and by claim
2, and a rotatable shaft connected to said lead-
ing section for tilting the fin as a whole, a sta-
tionary toothed sector eoncentric with said shaft, .
5 shaft providing the pivot about which said
trailing section moves relative to said leading
section, and a toothed sector carried by said last
mentioned shafi and engageable with said first
mentioned sector to effect pivotal movement of
said trailing section relative to said leading sec-
tion.

4, Anti-rolling apparatus for ships comprising
fins on opposite sides of the ship, an axially mov-
able shaft carrying each fin, an oscillatory shaft
in splined relation with each axially movable
shaft, at least one hydraulic motor for effecting
oscillatory movements of said oscillatory shafts,
hydraulic motors for effecting axial movements
of said first mentioned shafts, said fins each in-
cluding two sections pivotally interconnected,
and means for imparting relative movement be-
tween said two sections and constraining the
movement of the sections to tilting movement in
the same direction, said means further imparting
greater angular movement to one of said sections
than the movement imparted to the other, and
including a pivot shaf: about which said sections
pivot relatively to one another, a fixed pivot as-
sociated with each said axially movable shaft,
and mechanical means interconnecting said fixed
pivots with said first mentioned pivots and re-
speonsive to the oscillatory movement of said os-
cillatory shafts to impart said relative movement
between said sections.

5. Roll stabilising apparatus for ships compris-
ing retractable fins disposed substantially at the
turn of the bilge of the ship and on opposite sides
thereof, an axially movable shaft carrying each
fin, said shaft being movable from an inboard
retracted position to an extended position dis-
posing the fins laterally of the ship, each fin com-
prising a trailing section and a leading section,
a pivot shaft pivotally interconnecting said sec-
tions, an oscillatory shaft in splined relation with
each said axially movable shaft, the oscillatory
shafts for the fins on opposite sides of the ship
being disposed in alignment with one another and
terminating in spaced relation to each other
within the ship, means for oscillating said shafts
in respective opposite directions including a shaft

-supported parallel to said oscillatory shafts,

double acting hydraulic motors. gscillating said
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_last mentioned ‘shaft, linkage respectively con-
“necting the opposite ends of said last mentioned
-shaft with the respective inner ends of said os-
"clllatory shafts, said- linkage impartiig respec-

tive reverse oscillations to said shafts whereby ,

‘when the fin on one side of theé vessel is tilted
“downwardly the fin on the opposite side of the
vessel is tilted upwardly, hydraulic motors for ex-
tending and retracting each gaid axially movable

shaft,:and mechanical connections each includ-:t

‘ing an element fixedly supported with relation to
and movable with each. said axially-movable
shaft and disposed adjacent the point of connec-
tion of each said shaft with each fin, an element
fixed to each said pivol shaft connecting the fin
sections together, and means rovably .connect-
ing each said first and second mentioned elements
whereby when each said oscillatory shaft oscil-
lates the associated fin as a whole said last men-
tioned means exerts tilting force on each pivot
shaft connecting said sections in the same direc-
tion as the direction of movement imparted by
each said osciilatory shaft but of greater am-
plitude.

6. In an anti-rolling apparatus for- ships of
the type having at least one main lateral stabiliz-
ing fin including an aft edge, in the vicinity of
the turn of the bilge and mechanism for tilting
the fin with respect to a neutral position about
a normally horizontal axis disposed athwartship,
the combination thereof with an auxiliary fin
that is relatively small with respect to the main
fin, hinge means articulating said auxiliary fin to
said main fin for pivoting movement about an
axis parallel with said first mentioned axis and
disposed in the vicinity of the aft edge of the
main fin and mechanical linkage means opera-
tively connected with said auxiliary fin and re-
sponsive to tilting movement of said main fin for
tilting said auxiliary fin in the same direction

“as-and through a greater amplitude of move-
ment as regards the main fin,

7. In an anti-rolling apparatus for ships of the
type having at least one main lateral stabilizing
fin including an aft edge, in the vicinity of the
turn of the bilge and mechanism for tilting the
fin with réspect to a neutral position about a nor-
mally horizontal axis disposed athwartship, the
combination thereof with an auxiliary fin that is
relatively small with respect to the main fin,

. hinge means articulating said auxiliary fin to
sald main fin for pivoting movement about an
axis parallel with said first mentioned axis and
disposed in the vicinity of the aft edge of the
main fin and mechanical linkage -means opera-
tively connected with said suxiliary fin including
a movable arm movable relative to the main fin
responsive to tilling movement of said main fin
for tilting said auxiliary fin in the same direc-
tion as and through a greater amplitude of move-
ment as regards the main fin.

8. An anti-rolling apparatus for ships compris-
ing lateral fins arranged substantially at the turn
of the bilge, means mounting the fins for tilting
movement about axes disposed athwartship, each
of the fins ‘including two parts in direct hinged
connection one with the other along an axis par-
allel with the main axis about which the fin is
tilted as & whole, said parts constituting leading
and trailing sections, and mechanical means for-

effecting relative motion beiween the two ‘parts
including a2 movable arm operatively connected
with said trailing section and responsive to.the"
movemenst of said leading section about said first
axis for constraining the movement of sald trail-
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ing.section to pivotal movement about said-sec-
ond axis in the same direction as but of greater
amplitude than the movement of said leading
section.

9. An anti- rolhng apparatus for ships comprls-
ing lateral fins arranged substantially at the turn
of the bilge, means mounting the fins for tilting
movement about axes disposed athwartship, each
of the fins including two parts in direct hinged
connection one with the other along an axis par-
allel with the main axis about which the. fin is

‘tilted as. a whole, said parts constituting leading

and trailing sections, and mechanical means for
effecting relative motion between the two parts
including an element fixed with relation to said
first mentioned axis, an arm operatively con-
nected with said trailing section and means mov-
ably connecting the element{ with the arm so
that the arm moves as said leading section tilts,
thereby imparting tilting movement to said trail-
ing section about said second axis, said movement
being - constrained to tilting movement in the
same direction as but of greater amplitude than
the movement of the leading section.

10. In an anti-rolling apparatus as defined in
and by claim 6 wherein the hinge means con-
necting the main and auxiliary fins extends along
a line disposed between .20 and .30 of the distance
between the fore and aft dimensions of both fins
whereby the auxiliary fin has fore and aft dimen-
sions of Ya to 3¢ of the dimensions of said main
fin.

11. An anti-rolling apparatus as deﬁned in
and by claim 6, in which the main fin has a lead-
ing edge, the said normally horizental axis about
which the main fin tilts being disposed rear-
wardly of said leading edge at s position between
.30 and .35 of the total fore and aft dimensions
of the main and auxiliary fins.

12. Roll stabilizers as defined in and by claim
2 and including bilge keels extending from oppo-

site sides of the ship and said fin means being -

generally co~planar with the planes of bilge keels.

13. An anti-rolling apparatus as defined in and
by claim 6, wherein a rotatable shaft is connected
o said main fin for tilting the same, a stationary
toothed sector concentric with said shaff, said
hinge means including a shaft providing a pivot

-about which said auxiliary fin moves relative to

sald main fin and a toothed sector carried by
said last mentioned shaft and engageable.-with
said first mentioned sector to effect pivetal move-
ment of said auxiliary fin relative to said main
fin.

14. An anti-rolling apparatus for ships com-
prising at least one lateral fin arranged substan-
tially at the turn of the bilge and on opposite
sides of the ship, means mounting the fins for
tilting movement about axes disposed athwart-
ship, mechanism for tilting said fins, each of
the fins including two parts in direct hinge con-
nection one with the other along an axis par-
allel with each of the first mentioned axes, said
parts constituting leading and trailing sections
and mechanical means for effecting relative mo-
tion between the two parts of each fin including
a fixed pivot disposed parallel with said axes,
an arm rigidly connected with said trailing sec-
tion and a link pivofally connected at its oppo-
site ends with said pivot and said arm respec-
tively, said link and arm being disposed in planes
perpendicular to all said axes and both said arm
and said link being constrained for moverment in
an arcuate path for pivoting said trailing sec-
tion about said second mentioned axis in the same

~
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