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Unlted States Patent Ofﬁce

1

3 180,360
SPELD REDUCHNG UNIT FOR P@SETIONEN G A
HYDROFUIL ASSEMBLY
- Dietrich E. Singelmann, Buffalo, N.Y., assigner fo
~ Bell Aerospace Corporation, Wheatfield, N.Y.
- Filed Oct. 1, 1963, Ser. No. 312, 942
9 Claims. "(Cl;..'=1:1'4’--—66,5) |

This invention relates to-aquatic vehicles of the hydro-
- foil type and pertains, more particularly, to a novel com-
bination in such vehicles and a speed reducing wunit pecu-

- liarly adapted for usage in conjunction therewith. |
- Aquatic vehicles of the hydrofoil type operate upon the
principle of a submerged or partially submerged hydro-
foil assembly which depends from and thereby extends
below the hull of the vehicle so that the hull is elevated
above the water surface as the vehicle moves so that fric-
tion is reduced and much greater speeds can be attained
for the same power comsumption. Since hydrofoil as-
scmblies normally extend a substantial distance below

the bottom of the hull, they represent a limitation as to

the maneuverability of such vehicles in shallow water.
Therefore, it is' of primary concern in connection with
this invention to provide an improved aquatic vehicle of
- the hydrofoil type wherein the hydrofoil assembly or as-
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invention and showing, in fﬁll and dot-dash lines, the

cperative and moeewtwe pes1t10ns of the hydrmml as-

N sembly;

10

FIG. 2 is a vertical seenen taken substanually along
the plane of sectmn line 2—2 in FIG. 1;

- FIG. 3 is a longitudinal section-taken through the speed |
reducing assemblage according to this invention; |

FIG. 4 is a transverse sectional view taken substantml—
ly along the plane of section line 4—4 in FIG. 3 show-

ing details of the actuating levers and the control plate

. fer effecting - relatwely reverf-*e motions of the drwen' .

15

20

shaft:

FiG

5 is a vertical section teken suhstantlally alonﬂ'-“

the plane of seet:ten line 5—5 in FIG. 3 showing’ furt'ler

deLaﬂs of the speed reducing assemblage; and |
FIGS. 6-10 inclusive are enlarged sectional views il

lustrating the motion transmitting parts in various posi-~
| tzone thereof and also showing the cam plate for effect-

ing relatively reverse umdirectleha,l motions-to the. drwen

shaft.

With refererzee at thxs tlme more partleularly to FIG

-1, the hull of an aquatic vehicle is designated therein o

| -genelally by the reference character 19, the refereneﬂ_

semblies is movabie between an operative, depending

pemtmn and a position in which it is swung upwardly out-

of-the-way to permit the vehiele te traverse afld maneuver

in shallow water., |
Ascillary to the above ob]eet 1t is of concern in con-
nection with this invention to provide an improved speed
reducing assemblage which is particularly and peculiarly
adapted for ufilization in conjunction with a movable
hydrofoil assembly as aforesaid so that the hydrofoil as-

- sembly may be swung between its operative and inopera- ¢

30

character 12 indicating the stern portion- of such hull.

The hydrefoil’ assemblage is indicated: generally by the
_relerence character 14 and consists essentially of a pair

of strut members 16 which depend normally generallyl |
vertically downwardly from the opposite sides of the hull -

1% and which are interconnected by the hydrofoil mem-

ber 18, see particularly FIG. 2. Fach strut 16 houses a

| suitable vertical shaft (not shown) Whleh at its lower :

tive positions: by T I'atively. simple’ and .-yet -Whelly effee- |

tive- means.

Another object of this mventmn is: to prewde an im-

proved speed reducing assembly particularly adapted for

the purposes described hereinabove, in which a drive shaft

1s rotated by a snitable motor and wherein one-way clutch
devices on a driven: shaft are utilized to impart unidirec-

tional motion to the: driven shaft without the aid of gear-
ing or the like so that the speed of rotation of the driven |

shaﬁ is résponsive to the torque load imposed on such
shaft whs 1eby an e"“ﬁe:tent
| semblan*e 1S. prevlded

4{)

45

1ghtwe1ght and COmPaCt as-

Anether object of thIS mvenhe*l is to prevlde an im-

proved hydrofoil assembly for aguatic vehicles which. is
of generally U-shaped conficuration and is so dimen-
sioned and. positioned relative to the hull of the vehicle

~-generafly vertical depending position shown in FIG, 1

as to permit the hydrofoil assembly to be swung between

a generally vertical, depending operative position to an
upwardly swuag eut ef—the-way position wherein the hy-
drofoil assembly is; in. the latter p031t10n, dmpesed eleer

- of and beyond. one end of the Tudl,

A furtker object of this invention is to plewde an im-

proved speed reduction assemblage substantially as-afore-

said wherein out-of-phase eccentric meémbers disposed on _(-}
| 'ﬁi )

a drive shaft are utilized to impart relatively opposite
oscillatory motions to a plurality of levers, which levers

- each lever to impart step-by-step rotary motion to the
~ driven: shaft for one- direehen ef oseﬂlatlon 01_ each of
~ the levers. | |

88

FI1G. 1.

end, is connected to a pump mechanism (not shown)

dlSp(}QCd within a pump housing 26 having an open mouth
22 and an open rearward end 24 whereby to induct water

-tnreugh the housing 29 and impart forward motion to .

he hull 19, in a conventional manner. The upper end

'of each strut 1[6 is provided with a gear box 26 and a

suifable . pnm mover 28, preferably in the form of a
turbine, is-provided with a drive shaft which is gear con-

‘nected to the upper end of the aforesaid vertical shafts
- for the pump within the gear box 26 to 1mpart the req-

uisite motien to the pumps.
The gear box 26 in each case is pwetaﬂy connected to

 the sides of the hull 19 as by the bearing block or bracket

members 39 at either side of the hull and; in this fashmn,
the entire U-shaped hydrofoil assembly is pivotally con-
nected at its upper end to the hull' ¥¢.  Therefore, the
hydrofoil assembly may be swung between the operative,

to the out-of-the-way dash-dot line position shown in
As. aforesaid, the hydrefoﬂ assembly is of U-
shaped conﬁgmatien and it is positioned on the hull 10
such that, in the inoperative position shown in FIG. 1,

the hydrofoil assembly clears beyend the stern portion

12 so-as to provide a maximum of clearance: beneath the

bottom of the hull to permit the vehicle to maneuver and
traverse shallow waters. |

To effect the aforesaid p051t10n1ng of the hydrefml"' '
assembly, a suitable journal or- bearing assembly 32 is
provided aleng one side' of the .vessel which rotatahly.'

- supports a spindle or'screw actuating shaft 34. The spin-
_2116 pweeed for oscillation about the axis of a driven shaft -

and wherein: one-way" clutch: means is associated with

. cj:;
- %

Other objects and advanteges of the invention wﬂl ap-ﬁ. |

- pear from the de escription heremhelew &1:.(1 the accom- -

" panying drawmg wherein: | |
- FIG: 1 is a side elevatm—nal view showmg a pertmn ef

an aguatic vehlele censtme ed: in accordance with this

70

‘dle 34 is operatively engaged with & translatory nut mem-
ber 36 which may of the recircuiating ball type. and this

niut, in’ turn, is pwetelly connected, as by a link 38 to.the |
strut 16 substantially as is:shown in FIG. 1. The spmdle |

34 is rotated by a driving motor 46- eperaung, through a
speed reducing mechanism 42, to impart a sinusoidal step-

by-step

- FIG. 1, it will be: readily aeparent that the terque re-

motion to the spindle or screw shaft 34 From

qu ired to be applied by the: SCrew: qhaft 34 will steadily_
increase as the hye1 efeﬂ asqembly 1s moved between its
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| '
full and dot-dash line positions and it is a particular fea-
ture of this invention that the speed reducing unit 42 is
torque responsive so as to impart relatively rapid motion
of the translatory screw 36 during such time as a relatively
light load is placed upon the moving assemblage and
wherein the speed of rotation of the spindle 34 is mate-
rially reduced as the torque load increases. In this fash-

1on, movement of the hydrofoil assembly between its.

operating and non-operating positions is as rapid as possi-
ble while, at the same time, permitting a sufficiently great
speed reduction to be effective under increasing loads as
to allow a relatively lightweight and compact power ass
sembly to be utilized. |

The speed reducing assembly per se is shown more
clearly in FIG. 3 wherein it will be seen that such assem-
blage 42 includes a housing 46 journaling the driving shaft
48 and the driven shaft 50, which may comprise an in-
fegral extension of the spindle 34, in spaced parallel rela-
tion to each other, substantially as is shown. The drive
shaft 48 may be an extension of or rigidly affixed to the
drive shaft 51 of the motor 40 and is, in any event, pro-
vided with a pair of eccentric circular portions 52 and
54 which are disposed in 180° phase opposition to each
other substantially in the manner as is shown. The levers
56 and 58 are disposed in association with the two eccen-
trics 52 and 54, each of such levers having a generally
circular boss portion 69 as is shown in FIG. 4 which sur-
rounds the driven shaft 59 and is journaled thereon by a
suitable bushing member 62 or 64 whereby the levers are
free to rotate relative to the driven shaft. Each lever also
includes a bifurcated end portion presenting the spaced
channel arm portions 66 and 68, see particularly FIG. 4,

which slidably receive the blocks 79 which are apertured

to rotatably receive the circular eccentrics 52 and 54. In
this fashion, it will be apparent that rotation of the drive
shafts 48 will impart oscillatory motions to the levers 56
and 58 and, by virtue of the 180° phase opposition of
the eccentrics 52 and 54, that relatively opposite oscilla-
tory motions will be imparted to the levers.

To effect a driving connection between the oscillatory
levers 56 and 58 and the driven shaft 50, a clutch means
is utilized. In a specific example shown, the clutch means
comprises a palr of clutch rings 72 and 74 which are in-
ternally splined to thus engage with the external spline 76
on the inner end of the drive shaft 56, substantially as is
shown. A split ring member 78 is received in a suitable
groove circumferentially extending around the drive shaft
50 and serves to constitute a locating member for the two
rings 72 and 74. The carrier assemblies 89 and 82 are
associated with the respective rings 72 and 74 and each
of these carriers includes an annular flange portion 84
provided with internal splines such as those indicated by

the reference character 86 so that alternate annular clutch

disks 88 are engaged with the carrier while interleaved
alternate clutch disks 90 are splined engaged with the
driven shaft 50. Thus, although alternate clutch disks
are rigidly attached to the carriers 80 or 82 and the driven
shaft 5@, these several clutch disks are free to slide or
move axially of the driven shaft 50 so as to effect a
clutching action therebetween, the rings 72 and 74 acting
as reaction members against which these clutch plates
may bear. -

The squeezing action on each stack of clutch plates is
cffected by means of one of the pressure plate members
mndicated by reference characters 94 and 96, each of such
pressure plates being of annular configuration and being
rotatably received on the driven shaft 58 within the con-
fines of its associated carrier 80 or 82. Each of the
carriers 80 and 82 is rotatably received on the driven

shaft 59, there being bushing 98 or 180 provided for this

purpose, substantially as is shown and the manner in

which the drive is effected is by a plurality of circumfer-

N

4
rier through the medium of radially extending pivot pins
such as that indicated by the reference character 166 and
cach finger is provided with a pair of bearing arm por-
tions 168 and 110 substantially as is shown in FIG. 6 and
an Intermediate ball portion 112. The web 142 of each
carricr is provided with elongate slots 1314 disposed in
circumiferentially spaced relationship concentric with the

~ driven shaft 59 for receiving the elongate fingers and the

10

20
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entially spaced actuating finger means pivotally carried

by the web portion 102 of each carrier 80 or 82. Each
actuating finger is pivotally carried by its associated car-

75

ball 112 in each case projects laterally from each web
to be received in a suitable socket portion 116 formed
in the face of the circular portion 60 of an associated
lever 56 or 38. |

The operation of the device is effected by virtue of
the oscillatory motions of the levers 56 or 53. With
reference to F1G. 7, in response to oscillation of the lever
56 in the direction as indicated by the arrow 120, the
finger member 122 will be caused to rock about its pivot
pin 10§ in the manner indicated since the carrier 8¢
will tend fo remain stationary to permit this action. The
rocking motion of the finger will cause movement of the
pressure plate 24 to the right in FIG. 7 to comprass the
stack of clutch disks previously mentioned until such
time as sufficlent friction is attained as to carry the car-
rier 8% along with the oscillatory motion of the lever 56.
In other words, the rotation of lever 56 in the direction
of arrow 120 (FIG. 7) will at first simply rock the finger
122 about its pivot 186 without any tendency to carry the
carrler along with the rotation of the lever 56. As soon,
however, as the finger 122 engages the pressure plate 84
and commences to squeeze the clutch discs together, the
finger 122 will tend to “lock up” and to thereby impart
rotation and torque to the carrier 8¢6. However, the finger

122 will actually “lock up” at different relative positions

of rotation about its pivot 186, dependent upon the de-
gree of squeezing on the clutch discs which is required
to overcome the torque load on the driven shaft 50.

It will be appreciated that while the lever 56 is moving
in the direction of the arrow 120, the other lever 58 will
be moving in the relatively opposite direction and, as will
be described hereinafter, such relatively opposite move-

~ment of etther of the levers is inoperative to impart rota-

tional movement to the screw or spindle 34 through the
driven shaft portion 56 thereof so that, at the time under
consideration, it is only the lever 56 which is imparting
rotary motion to the spindle 34. As soon as the lever 56
reaches its end of oscillatory motion and starts to reverse
its direction so as to move in the direction of the arrow
126 as shown in FIG. 8, drive from this lever will be
terminated and immediately drive will be picked up by
the other lever 58. To prevent reverse rotation of the
spindle 34 as the lever 56 moves in the direction of the
arrow 126, a cam plate assembly indicated generally by
the reference character 13® is utilized. In the position of
the parts as shown, in response to movement in the direc-
tion of the arrow 126, the arm portion 110 of the finger
127 engages the cam member 132 to prevent the other
arm portion 108 from engaging the pressure plate mem-

ber 94 and urging the same to frictionally engage the

stack clutch disks or plates. Thus, on the return portion
of the oscillation of the lever 56, the drive is idle and
ineffective. That is to say, rotation of the lever 56 in
the direction of arrow 126 (FIG. 8) will at first rock
the finger 122 about its pivot 166 until the lower end 110
of the finger engages the cam member 132. This again
“locks up” the finger 122 and causes the carrier to be
rotated now with the lever 56. However, since the finger
122 has been “locked up” by engaging the cam member
132 (FIG. 8) instead of by squeezing the clutch discs
together (as in FIG. 7), continued rotation of the lever
56 simply causes the carrier 89 to rotate idly, without
imparting drive to the spindle 34. |

‘The cam plate is of generally circular form as is shown

in FIG. 5 and is provided with a plurality of rectangular

slots 134 to clear the respective fingers and in the specific
embodiment shown, the periphery of the cam plate 138 is
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provided Wlth gear teeth: 140 meshing with a reclprocatory
- rack member 142 having an actuating rod portion 144
- extending outwardly of the housing 46. Thus, through

- the medium of the rod 144, the cam plate 130 can be

- relatively rotated with respect to the levers 56 and 58.

In the position shown, the cams 132 serve to block the
arm portion 110 by engagement therewith for return
tions in the directions of the arrow 126 for the levers 56
and 58 whereas the cam plate has additional cam portions
160 which, asis shown in FIGS. 9 and 10, block the upper
arm portions 108 of the fingers.
reverse directions -of rotation ‘can be imparted to  the

- spindle 34 -dependent upen the positioning of the cam
plate 139,

By the vefy nature of the constructmn, it wﬂl be mani-

fest that the speed in which the spindle 34 is rotated is
responsive to the torque load imposed thereon. For ex-
ample, In a specific embodiment of the invention, with
-the speed of the motor 40 operating at 1740 revolutions

per minute, the rotational speed of the spindle 34 varied

- between 20 revolutions per minute and 5 revolutions per

minute as the torque load was increased from the mini-

mum to the maximum thereon. The reason for this, of
“course, is that the greater the torque load, the greater the

- pressure must be transmitted by the fingers against the

pressure plates 94 and 96 to effect the requisite
interengagement between the clutch parts. Thus, the
greater the load is imposed upon the spindle 34, the less

~ total amount of oscillatory motion of the levers 56 or

58 will be imparted to the carriers 89 and 82. Thus, the
amount of rotational motion imparted by each lever 56

. or 58 grows less as the torque load on the spindle 34 is
 -increased. It will further be noted that the rotary

mo-
tion imparted to the spindle 34 is-in sinusoidal unidirec-
“tional steps due to the oscﬂlatory nature of the movement
of the levers 56 and 58.

When the asser
of-the-way and operative pamtlons, it will be appreciated
that the speed reduction unit will, in effect, be mainly at-
tempting to hold back the motion of the hydrofoil assem-
bly. For this reason, and due to the nature of the rotary
- motion Imparted to the spindle 34, vibrations will tend

to be set up unless some means is provided for. placmg_

a preload on the system. This is accomplished in the
specific embediment shown by means of a brake 160 and
- associated brake band 162, 0perat1ng in an entirely con-
- ventional manner and ef‘fected m braked COIldltIOIl when
~ the load is being lowered. -
Tt is to be understood that certain changes and modifi-
cations as illustrated and described may be made without

departing from the Spll'lt of the mventmn or the scope -

of the followmg claims.
- Iclaim: - | |
- 1. A gear reduction unit comprising, in combmatmn

a drive shaft and a drwen shaft disposed in spaced
parallel relation,

 said drive shaft havmg a pluralzty of out-of-phase

eccentrics thereon, |
a lever associated with each eccentuc each lever being
- pivoted about the axis of said driven shaft and having

~a forked end straddling an associated ecceniric so

that the levers are oscillated in response to a
unidirectional rotation of the drive shaft,

blage is to be lowered between its out--

0-

er 19
Therefore, relatively.

2'0

05

frictional

30

o
o}
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- about axes extending radia’

6 -
 hydrofoil 'asseinbly for movement of the latter as
~ aforesaid in response to translatory motion of the
nut, a drive shaft disposed in spaced parallel rela-
tion to said screw, a motor for driving said drive
shaft, and gear reduction means connectmg sald
drive shaft with said screw,

said gear reduction means. compnsmg a pair of eccentrlcs
rigid with said drive shaft and displaced 180°
with respect to each other, a lever for each eccentric
pivoted about the axis of said screw and each lever
having a bifurcated end portion straddling its as-
sociated eccentric so that rotation of said drive shaft
imparts relatively opposite oscillatory motions to

- said levers, and one-way clutch ‘means connectmg g
each lever to said screw.

3. In a reduction unit, in combination,

a housing journalling a drive shaft and a driven shaﬂt '
in spaced parallel-relation, |

~ a pair of levers journalled on said driven shaft and

having bifurcated end. portions extending radially
- therefrom and straddling said drive shaft, |

| .'sald drive shaft having a pair of circular eccentrics

rigid therewith and disposed in 180° phase relation -
with each other, said end portions of the levers being
in straddling relation to said eccentrics so that the
levers are oscillated in relatively opposite dlI'BCthIlS
in response to rotation of said drive shaft,
- reaction plate means fixed to said driven shaft,
a clutch plate carrier journalled on said drlven shaft
- adjacent each lever, |
a pressure pla‘ie joumalled on sald driven shaft Wlthm
- each carrier, | |
a stack of clutch plates dlsposed between each pressure
plate and the reaction plate means, each stack having
drive plates connected to an associated carrier and
driven plates connected to said driven shaft,

- a set of finger members pivotally carried by each

‘carrier, each finger member having 0ppo:-11te end
- portions engageable with an associated pressure plate
- to urge the same toward the reaction plate means
and a knob engaged by an associated lever for rock-

ing the finger members in response to oscﬂlatlon of

sald levers, | | : |

-and means for selectively maintaining one end portmn‘
- of each finger out of contact with said pressure plate.
4, The assembly as defined in claim 3 wherein the last
Means Comprises a 1:)1{3(:’(111«:!r plate for each set of ﬁnger :
'nembers -
5. The assembly as deﬁned in claim 3 wherem sa1d'

'Ll—l.

- finger members are pivotally connected to said carriers

ly of said driven shaft.,
6. In an aquatic vehicle having a hull, a generally U-

- -shaped hydrofoil unit pivotally mounted on said hull for

and clutch means coupling each lever to said driven

- shaft in response to movement of sald levers in ene'

| d1rect10n
2 In an aquatlc vehicle of the type having a hull and a

65

pivoted hydrofoil assembly - normally depending from

the hull so that forward motion of the vehicle and
elevation of the hull above the water surface may be

accomplished; means for pivoting said hydrofoil assembly
~ from its normal depending p031t10n to an upwardly swung
position, - |

-said means comprlsmg an elongate SCTew havmg a nut

70°

60

movement between an operative, generally vertical de-

-_pendmg position and a generally horizontal posztlon clear-
ing one end of said hull,

prime mover means

. to such unit,

means for moving said hydrofoﬂ unit between the |

stated positions thereof, | --
“the last means comprising a screw shaft ]aurnalled-
- along one side of said hull, a nut engaged on said
screw shaft, linkage means extending between said
nut and said hydrofoil unit, a motor having a drive

shaft adjacent said screw shaft, and torque-respon-

sive speed reduction means connectmg szud drive shaft

to said screw shaft. | |

7. In a vehicle as defined in claim 6 Wher'em said
speed reduction means includes a pair. of dlametricallyl

- displaced eccentrics on said drive shaft, a pair of levers -
journalled about the axis of said screw.shaft and re-

spectively oscillated in relatively opposite dlrectmns by

- thereon in which the nut is connected to said 75 sald eccuntms a pa1r of drwen clutch rmgs fixed to sald

ounted in said hull and havmg. .
‘drive shaft means extending along the axis of pivotal -
‘mounting of the hydrofoﬂ unit into drmng relation



2,180,300

-
screw shaft, a pressure plate spaced from each clutch
ring and movable axially of said screw shaft, interleaved

drive and driven clutch plates stacked between each pres-

sure plate and clutch ring, a carrier journalled on said
screw shaft adjacent each pressure plate and to which
said drive plates are connected, and finger means pivoted
on each carrier and connected to respective levers for
rocking motion in response to oscillation of the levers
in one direction to bear against and axially shift said
pressure plates toward said clutch rings.

8. In a vehicle as defined in claim 7 including means
for selectively controlling the rocking motfion of said
finger means to effect relatively reverse rotation of said
screw shatt.

10

- S
0. In a vehicle as defined in claim 8 wherein the last
means is a cam plate adjacent each carrier and surround-
ing said screw shaft, each cam plate being rotatable and
having spaced cam elements thereon for selectively block-
ing one direction of rocking movement of said finger

means.
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