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DUAL HYDROFOIL MECHANISM FOR
SAILBOATS

Jobn R. Popkin, Los Angeles, Calif. (R.A. 19723587,

7th Avn. Co. (Iof. Div.), AP.O. 7, San Francisco,

Caiif.)

Filed Dec. 4, 1962, Ser. No. 242,188
9 Ciaims. (ClL 114—126)

This invention relates to a hydrofoil mechanism for
sailboats to resist sideways slipping motion of the sail-
boat dus to lateral wind forces and to produce a lifting
force on the sailboat to improve performance character-
istics and counteract the overturning forces of the wind
on the sailboat. In particular, this invention relates to
2 deal hydrofoil mechanism. which operates unattendsd
to appropriately and properly position oze of the hydro-
foils in the water as needed for proper operation of the
sailboat.

Conventionally sailboats are provided with center
boards or other means which serve to resist lateral mo-
tion of the sailboat ‘due to the wind producing lateral
forces on the sails'and sailboat. The center board serves
this useful and necessary purpose, but also acts as a re-
sistance to the forward motion of the sailboat and does
not produce any forces, other than merely weight, tend-
jng to prevent overturning of the sailboat. As is well
known, it is advantageous to shift the center of gravity

_of the weight of the boat and its contents toward the
windward such as by positioning the cccupants so that
righting force is produced to combat the overturning force
caused by the wind impinging upon the sail. Conversely,
a similar righting force to produce stability may be in-
duced by using a pair of hulls, as in a catamaran, or an
outrigger hull to the leeward side whereby the sailboat
is at Izast partiaily supported at a lateral distance toward
lesward from the center of gravity of a sailboat thereby
producing a righting moment force. However, such an
outrigger hull also acts as a resistance to the motion of
the sailboat through the water. )

The overturning force applied to a sailboat by wind
impinging upen the sails and the force tending to cause
lateral motion of the sailboat will depend upon numerous
factors such as wind velocity, sail area, »direction of

movement of the sailboat with respect to the’ direction of

the wind, etc.. Thus for example, when Tunning with the
wind, i.e., the sailboat moving in the same direction as the
wind, there is very Iittle need for a center board since the
overturning forces and the lateral forces are relatively
nominal. Although certain smaller sailboats have center
beards which are removable or retractable for conditions
where they are not needed, there are no conventional sail-
boats that are provided with a center board or cemter
boards that can be adjusted to produce righting forces and
forces resisting lateral movement which are proportional
to the overturning and lateral movement forces produced
by the wind.

t is well known that a properly shaped hydrofoil can
cause resultant forces in a lateral direction as the hydro-
foil passes through the water. -If such a hydrofoil were
properly positioned and moved for various conditions the
hydrofeil could produce the necessary forces fo prevent
lateral movement of the sailboat and overturning of
the sailboat. Moreover, a hydrofoil offers very littie
resistance to passage through the water as compared to 2
hull and can serve to stabilize the forward motion.  How-
ever, to be practical, the positioning of such a hydrofoil
must be essentially autcmatic in response to the various
force conditions encountéred so that erroneous positioning
of the hydrofoil by an operator does mot result in over-
turning of the sail boat or unsatisfactory handling condi-
tions.
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Accordingly, it is a principal object of this invention
to provide a novel form of hydrofoil mechanism for a
sailboat that will function automatically in response to
wind conditicns for improving the operating character-
istics of the sailboat.

_ Another object of this invention is to provide a dual
hydrofoil mechanism for sailboats employing asymmetri-
cal hydrofoils wherein only one of the two hydrofoils is
positioned in the water at one time and the asymmetrical
shape of that hydrofoil preduces forces tending to resist
lateral slipping and overturning of the sailboat.

A further object of this invention is to provide a
hydrofoil mechanism for sailboats wherein a hydrofoil is
positioned on either side of the center line of the boat at
2 substantial distance from the center line, and only the
teeward side hydrofoil is positioned in the water during
normal operation. :

Still another object of this invention is to provide
a hydrofoil mechanism for sailboats wherein an asymmet-
rically shaped hydrofoil is automatically positioned in
the water at an appropriate angle in response to the lateral
foirces on the sailboat whereby - the hydrofoil produces
appropriate resistive lateral forces and lifting forces to
improve the operational characteristics and stability of.
the sailboat. : )

A still further object of this invention is to provide
a-deal hydrofoil mechanism wherein the positions of the
two hydrofoils are synchromized and the operational
position of each is resiliently resisted in Tesponse. to
particular force conditions imposed upon the sailboat.

“A further and more detailed object of this invention is
to provide a movel form of dual hydrofoil mechanism
particularly adaptable to a trimaran sailboat wherein a
hydrofoil is pivotally mounted on each of the outriggers
and the leeward side hydrofoil only is positioned in the
water at any one time with its angular position automat-
ically adjusted by resilient means to continually maintain
the most ideal position for the particular conditions at
that moment. Moreover, it is an object of this invention
to provide asymmetrically shaped hydrofoils for such
mechanisms whereby the leeward side hydrofoil provides
a lifting force so that the outrigger may function as a
planing surface rather than a merely buoyant supporting
member. -

Further and more detailed objects and advantages of
this invention will appear from: the following description
and the accompanying drawings.

In the drawings: . )

FIGURE 1 is a plan view of a trimaran sailboat
employing a particular preferred embodiment of the dual
hydrofoil mechanism of this invention with the sails, mast
and boom removed for clarity of illustration.

FIGURE 2 is an elevation of the trimaran of FIGURE
1 with the sails and masts partially broken away.

FIGURE 3 is a sectional elevation of the mechanism
of this inventicn taken substantially on the line 3—3 as
shown in FIGURE 2 with the hydrofoils in a different
position than shown in FIGURE 2. )

FIGURE 4 is a fragmentary sectional elevation of
the torsion bar mechanism used in this preferred embodi-
meént taken substantially on the line 4—4- as shown in
FiGURE 3.

FIGURE 5is a sectional elevation iliustrating the stop
mechanism and taken substantially on the line 55 as
shown in FIGURE 4.

FIGURE 6 is a schematic elevation view similar to
FIGURE 3 illustrating 2 modified form of apparatus for:
the dual hydrofoil mechanism of this invention.

FIGURE 7 is a fragmentary sectional elevation view-
of the hydrofoil mounting taken substantially on the line
7—7 as shown in FIGURE 6.

FIGURE 8 is a fragmentary sectional view taken sub-



bl hull sailboats.”

e seating regions-on- the struts” 16" as 'is ‘conventional.

stantrally on the line 8—o as shown in TIGURE 7 a-rd il -

- lustrating .the stop mechamsm for thxs modrﬁed form of
.- -the apparatus;

"FIGURE 9:.is.a schematlc 1llustrat10n of a: trimaran-

employmo the dual. hydroforl ‘mechanisoy’ Of this inven-
tion and is a head-on view illustrating the positions of ths

hydromrls when there'is a very light' Wmd from the nﬂht

- side as viewed in FIGURE 9.

“FIGURE 10is a. schematrc 11 ustration’ of a- trlmaran

~ similar to FIGURE 9 illustrating.a ¢hange in-the wind or
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27, are: provided' and ‘mounted on. the extremities of the

- sunport tubes 21 and 22 with hydrofoil assembly 26 posi- .
- tioned in front of outrigger 12:and hydrofoﬂ assembly. 27.

positionied in-front.of.cutrigger 13 The hydrofoil-assems

- blies 26 -and 27 are each compnsed of a hydroforl 28:"

. projecting from ‘and secured to:-a -drum 29 which is in -

10

" a tacking maneuver. wheri- the. -wind is shnted to- the. ‘eft' L

.- side as-viewed in FIGURE 10.
FIGURE 11 is a schematic 111ustratron snmlar to FIG—

"URES 9 and 10 with a reIatrver stiff W’nd from the left'—

sidé-as viewed in FIGURE 11.
FIGURE 12 is a schematic. illustration srmllar to F

- " forces are c.pphed to the trimaran by the wiad.~ :
E FIGURE 13 is a sectional pran view taken substantzaT :
" -1y on the line 13—13 as shown in FIGURE 3 and dia- -

grammatically illustratés the asymmetrlcat ‘shape of the

-~ hydrofoil and-the orientation with respect to the cen’fer e
. hull of the ‘frimaran sailboat. - :

‘Althongh the drawings ﬂlus"rafe the dual hydrofoﬂ'

turn rotatably mounted.on a shaft 30 extending between

" and secured fo support tubes 21 and 22. Although dram’”

29-is shown as‘a complete’ cyhnder and such would prob= .
aoly ‘be the edsiest form to manuracture, it will ‘readily
appear from the followmg description that ‘drum;29- does: -
mot necessarily have to be a compleie cylinder and more- -

- “over could be oval in cross-section rather than cylindrical. '

15

. ’C- .
'URES 9, 10°and 11-showing the trimaran either becalmed .-
*_-or-running with the wind such that little or no lateralr'

A-line-or cable 31 extends between-the hydrofoil ‘assem-. -
blies 26 and 27 and is secursd to the dram portion-29 of =

each by any convenient means’in approximately the loca- - -
tions shown. . The cable 31 is. of a particular length and. .-

.~ the eénds are- approprrately secured to drims 29 such that

" when cable 31 is.stratched. tautly bétween: the ‘hydrofoil

25

: mechamsm of this invention as installed on the: outriggers. .
-of a trimaran sailboat, it is to be understood and will read- -

+. ily appear to those skilled in the art that the dual hydro-- -
foil' mechanism “may -also ‘be. used-on - single’ ‘or ‘dou-" .
-When the.dual h,’dl‘OLOll mechamsm:
~'of this invention is used on‘a single hull sailboat an ap: :
-.-. .propriate structure may be provided and extéend outward="
a 'ly from: the hull to support. the hydrofoils. in-a manner - .
similar to the hereinafter described structure,” When ‘the-
dual hydrofoﬂ mechanism of this invention ‘is ‘used-on'a:

dual hull-or catamaran- sgilboat, the hydrofoils may be .-

-~ mounted on each of the hulls or on.structures extending -

therefrom. -Moreover, althotigh the hydrofoils are-shown ™

‘in-the drawings as.ipounted- on: the ‘front portions of the -
- outriggers-‘of the catamaran, it will be ‘apparent from the -

‘40

~following description that. the hydrofoils could be spaced'

inwardly-or outwardly from'the outriggérs by appropri-
ately. modl.fy_mg the structure wrthout departlng from- th\.

[ invention.
Referring-now to. the drawmgs the: trrmaran gentral!yg

desvgnated 18, has a center hull 21anda pair of outrigger

20 -

. -positioned-at substantially 90° to the hydroforl 28 of the
-other assembly when viewed from the front-or réar.. That' -
~is’to say-that when. hjdrofod 28 of assembly 27 extends
~yertically downward fhen hydrofoil .28 of “assembly 267 -

-vice Versa:
- 90° relationship may-be. mamtalned for all: normal ‘pos

'V'trons of operation. -
30

“foils .28.

assemblies. 26 and 27 the hydrofoil 28 of each: assembly i<

extends horizontally outward as shown in FIGURE 3 and. o
Line 31 wraps around each drum 293 suﬂi-»,j -
cient distance before- attachment to the. driim so that this ©

A hanl—operated ‘winch assefnbly 32 1s prov-

~ mounted on the hull 11 for raising both of the ‘hydrofoils .-
28-out of the water when: desrred such: as Tor: docking o
- for running with the wind, ~The winch assembly 32 is pro
'vided- with-a_pait of . cords. 33 sécured by clamps 34 to
“cable .31 at spaced Tocationis ‘as: shown -Upon Wmc‘lln0
_the cords 33 onto the drum 35.0f the. wirich™ assembly 32 -
- the ‘cords: 33 will pull the two clamps 34~ toward each.

other thereby. shortening ‘the. effective Iength of cable 31
and changing the 90° relatlonshrp between the two hydro-
By foreshortening: cable 31 a sufficient amount. ©
both hydrofod members 28 may be raised oiit ofthe Water. .
. In. order to. maintain -the- hydrororl 28 w}nch is'in the:

~“water- in -the-‘proper - position- depend.ng on rthe ‘partic-.-

-~ hulls 12 2nd 13 laterally spaced from and substantially

parallél to center hull 1¥. The starboard and. port outrig-

~gers 12 and 13, -respectively; are supported from the center. .

Chull 1T by ‘any convenient means such a§ by struts 15

[ -and “cértain “Of the structural. members: of  the hydrofoil

80

ular ‘wind and force conditions,. means are: provided: for-.
resﬂrently resisting movement cf either hydrofoil member: i
28in-an inward drrectron from the vertically downwardly o

. ‘extending: posmon such as that shown for. hydroroﬂ 280f
. assembly 27.in FIGURE: 3: These means may-comprise
- -any-.convenient: type -of resilient. resxstmg ‘apparatus als

though I-prefer to use and describé a torsion’ mechamsm S

- geterally - designated :36; mounted: in’ hull 11, “Torsion” .-

~mechanism, desrgnated 14, ‘as heremafter ‘deseribed. -~
.. ed at one end by a bearing. support 38 and.fixedly- mount- -
--ed-at the other'end by support 39. Torsion bar 37 may -

- Struts 15 may.also-serve as seating regions. ~A rudder i6

*-is. pivotally mousted on the stern of hull 11 and a tiller
miechanism 17 is. provided having ‘extensions 18 for: ap-

65

propnately ‘operating the rudder 15. from -either ‘of the -

A.

mast i9is provrded for supportmg saﬂs 26 ina conve‘l-

tional manner,

-, 2. The frame of the hydrofod mechamsm 14 may mclude,

. “‘a pair of support tubes 21 and 22 extending Iaterenly

- across hull 11 with each being. mouated onhull 1Tby a' -
“pair of brackets 23. Brackets 24 may alsé be provided.

60

-won' the extremities of support tube 22 for supporting the: .

front end. of the ‘outriggers 12 and 13.. Appropriately
_located-guy wires; such as guy-wires 25, ‘extend from the -

65
- torsion bar 37 -is-in’-an unstressed condrtron ‘ie.,

. “outer ends of sunport tubes 21 and 23 to the kull 11 and :
~ mast 19 for aiding in the support and rigidity:of the hydro-

foil ‘mechanism 14 and outrlggers 12 and 13.

‘wires shown and: described-may be appropriate 1y modified

to ‘adapt the’ hydrofoil-mechanism 14 to the partrcular =

type and style of sailboat employing the invention.
: Two hydroforl assembhes, generally des;gnated 2 and

o sItowill be -
'}obvrous to those skilled-in the 4rt that-the frame and guy-’

70

75

is substantra]ly spac‘/ed from ‘the. end of torsron bat” 37-‘ »
-Which {is affixed in. support 39.and is preferably near the = °

mechanism 36 includes s torsion bar 37 rotatably mount-. -

be affixed to: support 39 by any convenient. means. A
sheave 40 is mounted on torsion-bar 37 and secured there -'
to by any convenient means such as key 41; Sheave

bearing support 38.". A’ cable 42 extends from the lower. .
portion of sheave. 49.to the: uppet: portioh of drum.29 of - -

-~ the hydrofoil asserbly. 27 and = similar ‘cablé 43 extends L

from the upper portion-of sheave 40 to thé drum 29 of

; hydrofoﬂ assembly 26, - I the relative positions . of ithe -~

various components shown in FIGURES 3, 4 and: 5 ‘the” .
“the

torsion bar and sheave are in their neutral position.: The .. -
Cable 42 is attached at:one end to-drum:2%7at a location . :
44 apprommately drametncally spaced. from the attach-
ment "of “hydrofoil 28..The other end of cable 42 i5 .
attached to sheave £§ oni ‘the'side of the sheave opposite’ -
the side of hydrofod assembly 27 suchas at location 45.-

Slmllarly, cable 43 is attached at location 46 on drom: 29+
-approximately diamétrically spaced from: nydrotol 28 of

assemb ly 26 and the other end of cabre 43is attached at: -
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5
point 47 on sheave 42 on the opposite side of the sheave.
Cable 42 will be taut when hydrofoil 28 of assembly 27
is extending vertically downward but torsion bar 37 will
not be stressed, as shown in FIGURE 3. Likewise, cabie
43 will be taut and torsion bar 37 unstressed when hydro-
foil 28 of assembly 26 is extending vertically downward.

The specific functions served by the hydrofoils 28 will
be more fully described hereinafter but at this point for
purposes of description it will be assumed that during op-
eration the leeward side hydrofoil assembly 26 or 27 will
be positioned with the hydrofoil 28 projecting downward-
1y into the water and the various wind and water forces
will tend to force that hydrcfoil assembly to rotate about
shaft 30 such that that hydrofoil 28 tends to pivot in-
wardly toward hull 11. In order for the hydrofoil mech-
anism of this invention to perform the functions desired
this inward movement must be resisted. Referring spe-
cifically to FIGURE 3, it will be assumed that outrigger 13
and hydrofoil assembly 27 are on the leeward side and

ince the wind is coming from the left the hydrofoil 28
of that assembly is being urged toward the left or in-
wardly thus tending to rotate the drum 29 of that assem-
bly in a clockwise direction. Any clockwise rotation of
drum 29 of assembly 27 will tend to wrap additional
cable 42 onto that drum and since cable 42 is taut when
hydrofoil 28 of assembly 27 is projecting vertically down-
ward, the wrapping of cable 42 on the drum will tend
to puil the cable off sheave 40 thereby causing sheave 49
fo rotate in a counterclockwise direction as viewed in
FIGURE 3. Since sheave 48 is secured to torsion bar
37 which is in turn secured to support 39, this rotation
of sheave 40 will be resiliently resisted by the torsion
stresses induced in the torsion bar 37. The greater the
jnward angular displacement from vertical of hydrofoil
28 the greater will be the resilient torsion resistance by
torsion bar 37. It-is also to be noted that this inward
movement of hydrofoil 28 of assembly 27 causes raising
of hydrofoil 28 of assembly 26 above the horizontal due
1o the interconnection by cable 31.

Similarly, it may be seen that when hydrofoil assembly
26 is on the leeward side and that hydrofoil 28 isin a
vertically downward projecting position cable 43 will be
taut and inward movement of hydrofoil 28 from that posi-
tion causes counterclockwise rotation of the drum 29 of
that assembly thereby wrapping cable 43 onto that drum
and unwrapping some of that cable from sheave 48.
This causes sheave 48 to rotate in a counterclockwise di-
rection. As previously described, this counterclockwise
rotation of sheave 48 is resiliently resisted by torsion bar
37. It is to be noted that sheave 46 is rotated in a coun-
terclockwise direction by the movement of hydrofoil 28
of either of the hydrofoil assemblies 28 or 27 inwardly
from the vertical downwardly extending position. For
reasons that will hereinafter become apparent it may be
desirable to limit the extent of inward angular displace-
ment from the vertically downward position of the hydro-
foil 28 which may be permitted regardless of the wind
and water forces and such may be accomplished by pro-
viding a stop means on torsion bar 37. This stop means
may include stops 48 on torsion bar 37 near sheave 49
projecting radially outwardly and adapted to engage sim-
ilar stops 49 secured to the bearing support 38. Thus,
as shown in FIGURE 5, the angular displacement of
torsion bar 37 and sheave 49 is limited to approximate-
ly 45° and if sheave 46 and drums 29 are approximately
the same diameter as shown, the angular displacement
of sither of the hydrofoil members 28 will be limited to
45° from the downward vertical position. This limita-
tion of 45° is meant only as illustrative and in actual
practice may be varied for various types and styles of
sailboats and to obtain varicus operating characteristics.

Referring now more particularly to FIGURES -6, 7
and 8, a modified form of apparatus is shown for the
dual hydrofcil mechanism of this invention. In this
form, the need for the torsion mechanism 36 installed in
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hull 11 and cables 42 and 43, as previously described,
is eliminated. Hydrofoil assemblies, generally designated -
59 and 51, are provided similar to the provision of hydro-
foil assemblies 26 and 27. The frame work structure for
supporting the outrigger hulls 12 and 13 and the hydro-
foil assemblies 58 and 51 from the center hull 11 may be
substantially the same or similar to that previously de-
scribed. The hydrofoil assemblies 56 and 51 are each
comprised of a hydrofoil 52 mounted on a sheave 53
similar respectively to hydrofoil 28 and drum 2% pre-
viously described. Sheave 33 and hydrofoil 52 are af-
fixedly mounted to a torsion shaft 54 by any convenient
means such as key 55. Torsion shaft 54 is rotatably
mounted and supported by bearings 56 on either side of
the hydrofoil 52. Torsion shaft 54 is relatively long and
extends rearwardly into the associated outrigger hull be-
ing rotatably supported near the rearward end by bear-
ing support 57 mounted in the oufrigger hull. A splined
stop member 58 is mounted on the end of torsion shaft
54 and has a stop arm 59. Stop arm 59 is adapted to
engage a stop 60 secured to the bearing support 57, such
that inward movement of hydrofoil 52 from the vertically
downward projecting position is- prevented unless suffi-
cient force is applied to twist the torsion shaft 54. Thus,
it may be seen that the separate torsion shafts 54 of this
modified form serve the same function as the torsion as-
sembly 36 and connecting cables 42 and 43 heretofore
described since inward movement of either hydrofoil
member 52 beyond the downward vertical position is re-
siliently resisted by a torsion bar. The outward and up-
ward movement of each hydrofoil member 52 from the
downward vertical position is unimpeded since stop arm
59 only engages one side of stop €9 and is free to move in
the other direction. A cable 61 is provided similar fo
cable 31 and is appropriately connected to the sheaves
53 of the hydrofoil assemblies 58 and 51 so that the hy-
drofoils 52 of those two assemblies are maintained at
$0° with respect to each other at all times in the same
manner as heretofore described.

Bach of the hydrofoil members. 28 or 52 are relatively
long and have an asymumetrical shape as may be seen. by
the cross-section shown in FIGURE 13. One side 62
is relatively flat while the other side 63 is curved out-
wardly and tapered to form a relatively conventional hy-
drofoil shape. When the particular hydrofoil member
extends downwardly in the vertical position the flat side
62 faces outwardly from the center of the boat and the
curved side 83 faces inwardly. As is well known in the
art, a hydrofoil of such configuration passing through the
water with the flat side 52 coinciding with the direction of
movement will produce a force on the hydrofoil tending
to move the hydrofoil in the direction of the curved side
63. Thus, whatever the hydrofoil is attached to would
tend -to move with the hydrofoil in the direction of the
curved side. Moreover, if a hydrofoil is positioned hoii-
zontally with the curved side facing upwardly, the hydro-
foil will produce a lifting force.

Referring now more particularly to FIGURES 9
through 12, the operation of the dual hydrofoil mecha-
pism of this invention may be described in relation to the
responss of the mechanism to various wind conditions.
As heretofore described, FIGURES 9, 10, 11 and 12 will
be assumed to be headon views of the trimaran 18 previ-
ously described and, therefore, port wiil be to the right
and starboard to the left as viewed in these figures. The
dual hydrofoil mechanism may be either the type shown
in FIGURES 1 through 3 or the type shown in FIGURES
6 through 8 and the operation will be identical although
for purposes of description here it will be assumed that
the mechanism of FIGURES 1 through 5 is being used.
If the sailboat is completely becalmed and motioniess the
hydrofcils 28 would probably be in a position shown by
the solid lines in FIGURE 12 where each hydrofoil pro-
jects downwardly and outwardly into the water at approxi-
mately 45° to the water line. It is again to be noted that
the hydrofoils are maintained at approximately 90° with



"+ invention in a trimaran that the outrigger hulls 12 and 13

7

Tespect to each other by connecting cable 31, If a light

- wind impinges.from the port side the sailboat would tend

3,170,078

to move toward leeward, i.e., starboard and. the relative

"~ movement between tha sailboat.and the water would cause

--the starboard hydrofoil 28 to be pulled downwardly to .

the vertical position shown in FIGURE 9 thereby-raising -

the port or windward side hydrofoil 28 out of the water.

- This position is also shown by the dashed-lires in FIG-

. URE 10." However, a shift in the wind or tacking so that
the wind impinges on the starboard side, as shown in FIG-

an‘angle to the horizontal such that when the wind causes:
the trimaran- 18 -to heel over, as shown in FIGURES 10
-and 11, the outrigger hull will serve as a planing surface =
rather than merely as'a buoyant support.” When it is de=-

 sired to run the sailboat before the wind such that; as in-
_conventiomal sailboats; no center board:is’ necessary ‘or. -

- when-approaching 2 dock both of the hydrofoil members:: -

5 - -10
URE- 10, will cause the trimaran 20 to move to port rela~ - -

 -tive to the water and this motion will not be resisted by .

the starboard hydrofoil 28 since outward pivoting motion

is unimpeded. . ‘As soon as starboard hydrofoil 28 moves

outwardly and upwardly the port hydrofoil 28 drops into

the water and further port movement of the sailboat causes
- that hydrofoil to assume the vertical downwardly project-
. ing position shown by the solid lines in FIGURE 10, In-
-creased ‘wind from starboard such as changes in-wind con-
ditions or' changes in"direction with respect tothe direc-
tion of the wind will cause increased overturning forces
“on the sailboat and increased forces fending to make the
‘sailboat slip  laterally rather ‘than proceeding directly

. ahead as controlled by rudder 16.. The lateral forces from
“~starboard will be resisted-by the port-hydrofoil member-
28 since that-hydrofoil is extending ‘downwardly into the:

15

2% may be raised above water level to any position-such  ~
as. the position shown by dashed lines in FIGURE 12 by~ -
merely: operating winch . mechanism 32, heretofore . de-
scribed, to foreshorten cable 31,7 L0
~Thus, it may be seeri that. by -this invention there is-: -
provided a hydrofoil mechanisim for sailboats which func-
tions without aftention to.-position a’:hydrofoil in the -

_water always on-the leeward side of the sailboat with the

angular position of the hydrofoil being automatically ad- .

- justed in response to the conditions of lateral force im- "

20

posed-upon- the sailboat.” ‘Moreover, by employing dual - =~

asymmeirically. shaped "hydrofoils which ‘are automati-- -

cally and progerly. oriented a highly desirable lifting force - -

- is produced on the lesward side of ‘the sailboat ‘1o Tesist.

“water and the lateral forces. will ‘cause-that hydrofoil to -

_‘pivot-inwardly toward the central hull 1% thereby assum-

© ing a condition which may be represented by FIGURE 11, -
30

The ‘angular’ portion of the hydrofoil -will depend upon
the intensity of the lateral forces being resisted, and it may

readily be seen that the greater ths lateral force the more-
the hydrofoil  will extend. inwardly - rather ‘than -down-

" wardly. - el e
‘Turning now to the fanction of the asymmetrical shape

o of‘the hydrofoils, it may be seén that.if the sailboat is
_moving straight through’ the water with the leeward side :

hydrafoil extending vertically. downwardly that-there will
be a resultant force- produced by -the hydrofoil . tending

L ‘to move the sailboat toward windward since the curved.

side will. be facing windward. .As the hydrofoil assumes

- an‘angular position such'as that shown for the-port.hydkro'-~ N
_foil member in FIGURE .11, the force produced: by the.

“hydrofoil passing through the water will have both a

horizontal - component and”a vertical ‘comiponent.. The
horizontal :component is still directed toward windward -
“to resist side slipping of the sailboat and-the vertical force.

* - component is upwardly to, in-effect, support some of the

weight of the. sailboat. Since ‘this" vertical lifting com- B
ponent”of force is laterally spaced from the center of
~“gravity of " the sailboat a force moment is. produced in "

.- -opposition-to’ the overturning force ‘moment-produced by
+..the wind impinging. on the sails: As is-well -kriown, a

overturning and improve oferatitg: characteristics. - Furs.

“ther, this Lifting :force Tesults in a ‘portion or all-of the :+
- -hull being lifted cut-of the water to thereby minimize the i~
25

water:drag produced by the hull.  Each’of these unusual

functions are accomplished avtomatically by the ‘appara- -
tus of this invention and such gpparafus does not Tequire -

- - attention- during normal. sailing - for- compensating: for ™ -

ing, etc.

changes in wind
Having fully deséribe‘d my invention it is to be under-

‘conditions;direction of movement, tack- °

stood that I'do: net wish to be'limited to the details here-"

in“get forth or to the details’ illustrated-in. the drawings;
but ‘my invention is of the. full scope ‘of the ‘appended -
claims. . B L SR AR TR b S
Iclaime cosn s T T I e L
1. An apparatus for - sailboat, -comprising, ‘A pair:of

.- hydrofoils pivotally mounted on the sailboat at laterally -

- spaced locations on either side of the longitudinal center
10 %
- .cal shape for :producing' a lateral force when passing” - -
through the water, means for automatically pivoting each: ~

line of the sailboat, said hydrofoils having an asymmefri- -

. of said-hydrofoils solely in response’ to :wind -impinging

- "hydrofoil déepends wpon “its- shape - for producing_lifting -

- forces and the lifting forces-producéd when the hydro-

foil " is: passing through' the -water greatly sexcéeds " the

x buoyarcy of -the hydrofoil, - Thus, as shown in FIGURE . -
.11, a large-portion of the weight of the sailboat may be .-

supported by the leeward. side hydrofoil member 28 -and

Clasa consequence the center hull 11 may lift nearly. free

“of ‘the water or at least to a position where it is planing-
: .- Under:such conditions, -
~the resistive drag of the center hull is greatly reduced and:

- along the surface cf ‘the water.

55

.- & substantial . distance from the longitudinal center line+ -

©-of said boat, each’ said” hydrofoil pivotally. mounted. by: = -
one.end. on: the: sailboat  on’ an axis relafively parallel 'to:

on the sailboat to raise the windward side hydrofoil out.

. of the water and to lower the leeward side hydrofoil into

-the water, means for further pivoting said leeward side ' .
hydrofoil in response to wind forces to angularly posi="

- tion that hydrofoil in the water such that the said lateral" =

force produced by said asymmetrical shape resists both -

. sideways slipping and overturning. forces imposed-on the:

sailhoat by the wind. - L A
2."An apparatus for ‘a-sailboat comprising;

a ‘pair of

hydrofoils, each hydrofoil being asymmetrical’ with one -

side curved and the other side relatively flat,-one of said
hydrofoils positionsd on either side of and laterally spaced. -

- the longitudinal center line of the sailboat and located.

60

performance characteristics are greatly improved. - More-

‘over, ‘it may be-seen that the greater the lateral wind

leeward “hydrofoil “member -since the increased lateral
force causes the hydrofoil member. to more. closely ‘ap-

-ferces the greater will be the lifting force produced by the '65

proach a horizontal position:than the vertical: position. .

© It s preferred in the ‘particular embodiment of - this

be- positioned. above the water when in a level position

- 70

~and that the .entire weight be supported by hull ‘13,

Further, the bottom surfaces of outrigger hulls 12 and 13
..are relatively flat and towed outwardly, ie., positioned at

75

above the. normal - water line of ‘the sailboat for said hy- - "

drofoil to engage the water: when extending downwardly, -

. each-of ‘said hydrofoils oriented such. that said flat'side”. " -
faces outwardly from the sailboat when that hydrofoil ex= " -
-tends downwardly. from ‘the- pivotal mounting thereof; .

-‘means. operably. connecting the -two said. hydrefoils  for: i~

synchronous . movement 6f said" hydrofoils for pivoting™ -
-one hydrofoil out of the water when the’ other -hydrofoil -+

is in the water in downwardly. and downwardly-inwardly- .

extending positions, means ‘resisting pivoting of . either
said hydrofoil in an inwardly direction from the. verti-
cally’ downward extending position ‘of -such +hydrofoil,
both hydrofoils extending into the water when the: sajls
boat is stopped % ' 3

wind impinging. on 7the{éai1b/9at: with. the leeward side hy-

t pec or. moving with the wind, means foranto-, - -
-matically - pivoting said hydrofoils “solely in response to =
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drofoil assuming a downward and relatively vertical posi-
tion to resist the lateral motion of the sailboat.

3. An apparatus for a sailboat comprising, a pair of
hydrofoils, each hydrofoil being asymmetrical with one
side curved and the other side relatively flat, one of said
bydrofoils positioned on either side of and laterally spaced
4 substantial distance from the longitudinal center line
of the said boat, each said hydrofoil pivotally mounted
by one end on the sailboat on an axis relatively parallel
to the longitudinal center line of the sailboat and located
above the normal water line of the sailboat for said hydro-
foil to engage the water when extending downwardly, each
of said hydrofoils oriented such that said flat side faces
outwardly from the sailboat when that hydrofoil extends
downwardly from the pivotal mounting thereof, means
operably connecting the two said hydrofoils for syn-
chronous movement of said hydrofoils for pivoting one
hydrofoil out of the water when one other hydrofoil is
in the water in downwardly and downwardly-inwardly
extending positions, means resiliently and increasingly re-
sisting pivoting of either said hydrofoil in an inwardly di-
rection toward the center line of the sailboat from the ver-
tically downward extending position of such hydrofoil;
both hydrofoils extending into the water when the sail-
boat is stopped or moving straight forward, upon wind
impinging on the sailboat to produce lateral forces urging
lateral motion the lesward side hydrofoil assuming a
downward and relatively vertical position to resist the
lateral motion, and increasing lateral force causing said
leeward side hydrofoil to pivot inwardly in opposition
to said resisting means for producing an upward lifting
force by that hydrofoil due to the asymmetrical shape.

4. An apparatus for a sailboat comprising, a pair of
hydrofoils, each hydrofoil being asymmetrical with one
side curved and the other side relatively flat, one of said
hydrofoils positioned on either side of and laterally spaced
o substantial distance from the longitudinal center line
of the said boat, a sheave means connected to each hydro-
foil at one end, each said hydrofoil and sheave means
pivotally mounted on the sailboat by said sheave means
on an axis relatively parallel to the longitudinal center

line of the sailboat and located above the normal water-

line of the sailboat for said hydrofoil to engage the
water when extending downwardly, each of said hydro-
foils oriented such that said flat side faces outwardly
from the sailboat when the hydrofoil extends downwardly
from the pivotal mounting thereof, cable means extending
between the two said sheaves and connecting thereto for
causing synchronous movement of said bydrofoils for
piveting one hydrofoil out of the water when the other
hydrofoil is in the water in downwardly and downwardly-
inwardly extending positions, means resiliently and in-
creasingly resisting pivoting of either said hydrofoil in
an inwardly direction toward the center line of the sail-
bost from the vertically downward extending position of
such hydrofoil; both hydrofoils extending into the water
when the sailboat is stopped or moving straight forward,
upon wind impinging on the sailbeat to produce lateral
forces urging lateral motion the leeward side hydrofoil
assuming a downward and relatively vertical position to
resist the lateral motion and increasing lateral force
causing said leeward side hydrofoil to pivot inwardly
in opposition to said resisting means for producing an
upward lifting force by that hydrofoil due to the asym-
metrical shape.

5. An apparatus for a sailboat comprising, a pair
of hydrofoils, each hydrofoil being asymmetrical with
one side curved and the other side relatively flat, one of
said hydrofoils positioned on either side of and laterally
spaced a substantial distance from the longitudinal center
line of the said boat, each said hydrofoil pivotally
mounied by one end on the sailboat on an axis relatively
parallel to the longitudinal center line of the sailboat
and located above the normal water line of the sailboat
for said hydrofoil to engage the water when extending
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downwardly, each of said hydrofoils oriented such that
said flat side faces outwardly from the sailboat when
that hydrofoil extends dowawardly from the pivotal
mounting thereof, means operably connecting the two
said hydrofoils for synchronous movement of said hydro-
foils for pivoting ome hydrofoil out of the water when
the other hydrofoils is in the water in downwardly and
downwardly-inwardly extending positions, torsion bar
means mounted in the sail boat and operatively con-
nected to both said hydrofoils for resisting pivoting of
said hydrofoils inwardly from the vertically downward
extending position and permitting pivoting of said hydro-
foils outwardly from the vertically downward extending
position; both hydrofoils extending into the water when
the sailboat is stopped or moving straight forward, upon
wind impinging on the sailboat to produce lateral forces
urging lateral motion the leeward side hydrofoil assum-
ing a downward and relatively vertical position to resist
the lateral motion and increasing lateral force causing
said leeward side hydrofoil to pivot inwardly in opposition
to said torsion bar means for producing an upward lifting
force by that hydrofoil due to the asymmetrical shape.

6. An apparatus for a sailboat comprising, a pair of
hydrofoils, each hydrofoil being asymmetrical with one
side curved and the other side relatively flat, one of
said hydrofoils positioned on either side of and laterally
spaced a substantial distance from the longitudinal center
line of the said boat, each said hydrofoil pivotally mounted
by one end on the sailboat on an axis relatively parallel to
the longitudinal center line of the sailboat and located
above the normal water line of the sailboat for said
hydrofoil to engage the water when extending downward-
1y, each of said hydrofoils oriented such that said flat side
faces outwardly from the sailboat when that hydrofoil
extends downwardly from the pivotal mounting thereof,
means operably conmecting the two said hydrofoils for
synchronous movement of said hydrofoils for pivoting
one hydrofoil out of the water when the other hydrofoil
is in the water in downwardly and downwardly-inward-
ly extending positions, a torsion bar mounted in the sail-

" boat, a sheave mounted on said torsion bar, cable means

connecting said sheave to each said hydrofoil for causing

" turning of said sheave upon pivoting of either said hydro-
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“f0il in an inwardly direction toward the center line of

the sailboat from the vertically downward extending posi-
tion of such hydrofoil, said turning of the sheave being
resiliently resisted by said torsion bar, and the magni-
tude of such resilient resistance by said torsion bar being
proportional to the magnitude of the inward angular dis-
placement of a hydrofoil from the vartical downwardly
extending position.

7. An apparatus for a sailboat comprising, a pair of
torsion shafts mounted on the sailboat relatively parallel
to the longitudinal center line of the sailboat and laterally
spaced from such center line, one torsion shaft on either
side of such center line and above the normal water line
of the sailboat, each torsion shaft having one end freely
rotatably supported and the other end turnably supported
with means for stopping the turning at a predetermined
location, a hydrofoil mounted on each said torsion shaft
near the first-mentioned end and extending outwardly
from said torsion shaft, each hydrofoil being asymmetri-
cal with one side curved and the other side relatively flat,
each of said hydrofoils oriented such that said flat side
faces outwardly from the sailboat when that hydrofoil
extends downwardly from said torsion shaft, means
operably comnecting the two said hydrofoils from syn-
chronous movement of said hydrefoils for pivoting one
hydrofoil out of the water when the other hydrofoil is
in the water in downwardly and downwardly-inwardly
extending positions, the said means for stopping turning
of each said torsion shaft permitting free outwardly and
upwardly movement of that said hydrofoil from the
vertical downwardly extending position and stopping said
torsion shaft for resiliently resisting inward movement
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B of said hydrofoil toward the sallocaf from the vertlcal;-

- downwardly ‘extending position.

; 8. The apparatus of claim 6 wherein-means are pro-. ;
~# vided . for -affirmatively. and rigidly limiting- the inward '
movement “of said -hydrofoil .toward the- saﬂboat center 5

lme to-a predetermined amount.

7 _7-9. The apparatus of claim 7 ‘wherein means are PIoO-, i
vided for - affirmatively and nvldly hmltmg the inward: -

" movement of said hydrofoil toward the sailboat “center
T lme toa predetermmed amount,” )
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