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This invention relates to marine propulsion and 
has for its principal object the provision of a new 
and novel marine propulsion device that is sim 
ple in construction, efficient in operation and in 
cludes certain marked advantages over conven 
tional screw-type propulsion devices. 

Objects of the invention include the provision 
of a marine propulsion device of particular ad 
vantage to shallow draft boats but in no sense 
limited thereto; the provision of a marine pro 
pulsion device comprising a unit securable as such 
to a boat hull and including a horizontally dis 
posed line of shafting arranged in approximately 
perpendicular relationship with respect to the 
longitudinal center line of the boat and carrying 
a plurality of disc-like elements each arranged 
with the general plane of thickness thereof at an 
angle to the axis of rotation thereof and to a 
plane perpendicular to such axis of rotation; the 
provision of a structure as above described in 
which the unit includes a housing forming a gear 
casing and includes a driving shaft arranged in 
approximately perpendicular relationship with 
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respect to the axis of the line of shafting carry- ..., 
ing the discs, and suitably geared thereto; the 
provision of a construction as above described in 
which the unit includes rudder means supported 
thereby; the provision of a construction as above 
described in which the housing is provided with a . 
cover plate for the gear chamber and the rudder 
means is carried by the cover plate; and the pro 
vision of a construction as above described in 
which the rudder means includes a plurality of 
rudders one positioned rearwardly of each of the 
disc-like elements. 
Other objects of the invention include the pro 

vision of a marine propulsion device comprising 
a disc-like element adapted for rotation about a horizontal line disposed approximately perpen 
dicularly with respect to the longitudinal axis of 
the boat and arranged with the general plane of 
the disc at an angle to its axis of rotation, those 
edges of the disc disposed more remote from the 
point of intersection of the plane of the disc with 
its axis of rotation being turned or warped in a 
direction tending to reduce the overall length of 
the disc measured in the direction of its axis of 
rotation: the provision of a marine propulsion 
device as above described in which the warping 
of the diametrically opposite sides of the disc 
occurs along a sine curve; and the provision of a 
Construction as above described in which the 
agaount of Warping or bending of the diametri 
cally opposite sides of the disc is such as to bring 
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warping or bending thereof approximately into 
planes perpendicular to the axis of rotation of 
the disc. 

Further objects of the invention include the 
provision of a marine propulsion device including 
a pair of cooperating hub members between the 
opposed faces of which a disc is adapted to be 
clamped, such opposed faces of the two hub mem 
bers being disposed at an angle to the axis of ro 
tation thereof and to a plane perpendicular 
thereto, whereby in service the angularity of the 
disc may be changed by substituting a different 
pair of hub members having different angularity 
between the opposed faces thereof; and the pro 
vision of a construction as above described in 
which means are provided for positively locking 
the disc to at least one of the hub members. 
A further object of the invention is to provide 

a marine propulsion device in the form of a disc 
adapted to rotate about a horizontal axis disposed 
in approximately perpendicular relationship with 
respect to the longitudinal center line of the ac 
companying boat and disposed with the plane of 
thickness thereof at an angle to the axis of rota 
tion and to a plane perpendicular thereto, the 
peripheral edges of the disc being formed to pro 
wide saw-like teeth. . . . . . . 
- Still another object of the present invention is 
the provision of a marine propulsion device in 
cluding a disc-like element arranged for rotation 
about a horizontal line approximately perpen 
dicular to the longitudinal axis of the boat and 
arranged with the general plane of thickness 
thereof at an angle to its axis of rotation and to 
a plane perpendicular thereto, together with 
means for dynamically balancing the disc; and 
the provision of a construction as above described 
in which balancing weights are associated 
with the disc in oppositely offset relation with re 
spect to each centrally offset side thereof, the 
mass and position of the weight being such as to 
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provide a dynamically balanced assembly. 
Still further objects of the present invention 

include the provision of a marine propulsion de 
vice including a disc-like element arranged for 
rotation about an approximately horizontal line 
disposed in approximately perpendicular rela 
tionship with respect to the longitudinal center 
line of the associated boat and disposed with the 
general plane of thickness thereof at an angle to 
its axis of rotation and to a plane perpendicular 
thereto, together with means for varying the an 
gularity of the plane of thickness of the disc 
like element with respect to its axis of rotation 

the edges of the disc at the point of maximum 55 during operation; and the provision of a marine 
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propulsion device including a horizontally dis 
posed shaft arranged with its axis in approxi 
mately perpendicular relationship with respect to 
the associated boat and a disc-like element cen 
trally mounted on the shaft in angularly adjust 
able relation with respect to the axis of the Shaft, 
together with means cooperating with the disc 
enabling the angularity thereof with respect to 
the axis of the shaft to be varied during opera 
tion. 
The above being among the objects of the 

present invention, the same consists in certain 
novel features of construction and combinations 
of parts to be hereinafter described with refer 
ence to the accompanying drawings, and then 
claimed, having the above and other objects in 
View. 

In the accompanying drawings which illus 
trate suitable embodiments of the present inven 
tion and in which like numerals refer to like parts 
throughout the several different views, 

Fig. 1 is a side elevational view of a boat pro 
vided with a marine propulsion device construct 
ed in accordance with the present invention; 

Fig. 2 is a rear elevational view of the boat and 
propulsion device illustrated in Fig. 1; 

Fig. 3 is a fragmentary, enlarged, partially 
sectioned plan view of the rear end portion of 
the boat shown in the preceding figures and illus 
trating the propulsion device in horizontal sec 
tion taken on the line 3-3 of Fig. 2; 

Fig. 4 is a slightly enlarged, fragmentary, par 
tially sectioned view of the same propelling mech 
anism as illustrated in Fig. 3 but equipped with 
a modified form of rudder construction; 

Fig. 5 is a fragmentary partially sectioned view 
similar to a portion of the propulsion devices 
shown in Figs. 3 and 4 but illustrating the appli 
cation of balancing Weights to one of the driving 
discs; 

Fig. 6 is a fragmentary partially sectioned view 
illustrating a slightly different form of disc struc 
ture from that shown in the preceding views; 

Figs. 7 and 8 are views similar to Fig. 6 but 
illustrating still further modified forms of disc 
elements; 

Fig. 9 is a partial face view of the disc shown 
in Fig. 8 taken looking in the direction of the 
arrows 9-9 in Fig. 8; 

Fig. 10 is an enlarged sectional view taken 
axially through a modified form of disc construc. 
tion and particularly illustrating the connection 
between the disc and its hub; and, 

Fig. 11 is a more or less diagrammatic-frag 
mentary view illustrating a modified form of con 
struction in which the angularity of the disc with 
respect to the drive shaft may be varied during 
operation. 
The present invention has been devised in an 

attempt to provide a marine propulsion device 
which eliminates the shortcomings of conven 
tional screw propellers. The increases of speed 
in virtually all classes of vessels in recent years 
have been accompanied by a corresponding de 
crease in the propulsive coefficient as the dis 
placement: power ratio has improved and en 
gine power has gone up. As is obvious to stu 
dents of the art, this diminution of propeller ef 
ficiency is due to the inherent and inescapable 
limitations of the screw form of propeller. This 
is not to say that vast strides in screw propeller 
design have not been made in late years. Much 
effort has been expended and the results are con 
siderable, especially in the metallurgical and 
manufacturing aspects, but the screw at present 
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2,391,109 
constitutes the principal limiting factor towards 
increase in vessel performance, economy and 
cruising radius. The Substantial improvements 
in hull forms, structures and power plants of 
recent years have largely been inhibited by the 
limitations of the screw principle of propulsion 
and the device of the present invention largely 
disposes of those limitations inherent in ScreW 
propellers that has thus limited the advance in 
performance of boats as above described. 
In its simplest form the present invention con 

sists of a disc-like element mounted at the Stern 
of the boat and arranged for rotation about a 
substantially horizontal axis disposed perpen 
dicular to the longitudinal center line Of the boat 
or to the direction of desired thrust thereon, 
the disc-like element being arranged With the 
general plane thereof disposed at an angle to its 
axis of rotation as well as to a plane perpendicu 
lar to such axis of rotation. It is preferably ar 
ranged so that in operation less than half of its 
diameter is immersed in the water. Thus in Sim 
ple language it comprises a type of Wobble plate 
arranged for rotation about a line perpendicular 
to the longitudinal axis of the boat and With the 
lower portion thereof immersed in the Water. As 
the disc rotates, the two sides of the disc alter 
nately exert pressure upon the water in varying 
oblique directions the reaction to which is a di 
rectly opposite thrust. Since two or more op 
posed discs or plates are normally employed, the 
varying oblique pressures are resolved into a 
linear propulsive thrust component in the direc 
tion of rotation. The action of the disc is SOrne 
what analogous to that of Sculling with an Oal 
and when two discs of opposed angularity are en 
ployed the lateral components between the discs 
and the water are balanced and the resultant 
component of thrust is directed longitudinally of 
the boat. While ordinarily, from the standpoint 
of simplicity in construction, both discs will be 
mounted upon a single shaft, it will be appre 
ciated that in the broader aspects of the inven 
tion this is not necessary as each disc may be 
mounted upon its own shaft if the two shafts are 
connected together for equal rotation and in Such 
case the individual shafts may be disposed at an 
angle to each other either in a vertical plane, a 
horizontal plane, or in both. 
In accordance with one phase of the present 

invention these discs form a part of a unitary 
structure that is applicable to and removable from 
the stern, or other suitably located support On or 
of a boat, as such. This unit includes a casing 
or housing for the disc shaft or shafts which 
housing is formed for removable securement to 
the stern of a boat. The housing or casing also 
serves to rotatably support a drive shaft suitably 
interconnected, as by gears, or the like, with the 
disc shaft or shafts for applying driving move 
ment thereto. Where the boat is of the in-board 
engine type, then the power shaft is preferably 
arranged to project through the stern of the 
boat within the area of securement of the casing 
thereto and interiorly of the boat is suitably 
connected to the engine. The device is adapt 
able to an outboard type of construction in which 
case the engine is mounted upon the housing or 
casing and the drive shaft Suitably connected to 
the crankshaft of the engine. 
The angularity of the disc with respect to its 

axis of rotation is somewhat analogous to the 
pitch of a propeller. For instance, a disc ar 
ranged in a plane perpendicular to its axis of ro 
tation would be equivalent to a propeller having 
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a zero pitch, and as the angle of the plane of the 
disc increases with respect to a plane perpen 
dicular to its axis of rotation it corresponds with 
inacreased pitch in a serew propeller. Experiments 
conducted up to the time offiling this application 
indicate that discs arranged with their general 
planes of thicknesses.at angles from 35° to 45° 
with respect to a plane perpendicular to the axis 
of . rotation - thereof operate in a satisfactory 
manner, but it will be appreciated that further l 
experiments will undoubtedly indicate that discs 
'arranged with their planes of thicknesses at 
greater or lesser angles than those stated may 
be entirely Satisfactory and practical. 
... It will be appreciated, of course, that these discs 
are subject to various modifications both in size, 
shape, mounting and speed of rotation, as well as 
in other respects a number of which are disclosed 
herein by way of explanation. 
It will, of course, be appreciated that in the 

employment of the present invention it is pref 
erable that the depth of immersion of the driv 
ing discS be approximately predetermined during 
normal operation. For that reason it is prefer 
able, although not necessary in all cases, that the 
present invention be employed with boat hulls of 
the transom stern type inasmuch as with such 
types of hulls at any time speed in excess of that 
speed at which the water eddies or "burbles”-up 
back of the transom, and which for Smaller boats 
at least may be in the approximate neighborhood 
of seven knots, the water will break away from 
the stern in a substantially smooth surface re 
gardless of load, and thus predetermine the depth 
of immersion of the associated discs. 

Referring now to the accomparaying drawings 
and particularly to Figs. 1, 2 and 3 a conven 
tional v-bottom type of boat is shown generally 
at 20 and as having a stern transom 22. As in 
dicated best in Fig. 2 the lower edge of the trans 
som 22 is straight and as previously explained 
this is a desirable characteristic of any boat to 
which the present invention is applied, although 
not necessary in the broader aspects of the pres 
entinvention. - - 7. 

It will, of course, be appreciated that any de 
sired number of propulsion units constructed in 
accordance with the present invention may be 
mounted upon the stern or other suitable portion 
of a boat where such portion is of sufficient width 
to accommbdate them, but as a matter of illus 
tration the boat 20 shown is assumed to be a rel 
atively small boat with the transom-22 of a width 
suitable for accommodation of a single unit. Ac 
cordingly, there is shown mounted upon the tran 
som 22 a propulsion unit including a housing in 
dicated generally at H which forms a casing for 
the gear and bearing elements of the device as 
well as a support therefor. Where the invention 
is to be applied to an outboard engine type of Con 
struction, then the engine may be mounted di 
rectly on and above the casing or housing Hwith 
its crankshaft axis vertically disposed and suit 
ably geared to the disc shaft or shafts in any well 
known and conventional manner. When the in 
vention is applied to an inboard engine type of 
construction, then the engine is, of course, placed 
within the boat hull and is connected by a suit 
able drive shaft projecting through the stern of 
the boat and into the housing where it is suitably 
geared to the disc shaft or shafts. This latter 
type of construction is shown by Way of illus 
tration and in accordance therewith an engine 
24 which may be of any suitable or conventional 
type but which will usually be of a conventional 
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internal combustion type is suitably mounted 
within the boat hull With the axis of its crank 
shaft preferably extending longitudinally of the 
hull and centrally thereof as indicated. 
The particular casing or housing H shown by 

way of illustration includes a forwardly extend 
ing hollow portion 26 the forward end of which 
is provided with an OutWardly directed encircling 
flange 28 abutting the rear surface of the transom 
22 and through which bolts 30 extend and cooper 
ate with nuts, 32 to provide a mounting for the 
unit on the transom 22. If desired gaskets or oth 
er suitable sealing means (not shown) may bein 
terposed between the flanges 28 and the transom 
22 to provide a water-tight connection therebe 
tween. Rearwardly of the portion 26 the hous 
ing H is provided on each side thereof with an 
outwardly extending hollow portion 34 of gradu 
ally reduced cross-sectional area centrally be 
tween and within which the driving disc shaft 
means is rotatably supported. While such driving 
disc shaft means may be either a single shaft or a 
pair of shafts suitably connected together ad 
jacent their centers, for the purpose of illustra 
tion in the drawings a single shaft 36 is shown. 
The shaft, 36 is arranged with its axis horizontal 
and perpendicular to the longitudinal center line 
of the boat 2) and is supported at the outer ends 
of the portions 34 by means of suitable bearings, 
here indicated as roller bearings 38. The shaft 36 
projects outwardly beyond the ends of the por 
tions 34 and is sealed against leakage to the hous 
ing portion 34 by means of suitable or conven 
tional shaft sealing elements 49. The central por 
tion of the shaft 36 may be suitably supported for 
rotation in any desired manner but in the par 
ticular case shown by way of illustration is non 
rotatably received within a hub-like carrier 42 for 
a ring gear 44 mounted thereon for rotation con 
centrically with the shaft 36. The carrier 42 it 
self is mounted for rotation in bearings 46 on each 
side of the ring gear 44, the bearings 46 being each 
mounted in a suitable carrier 48 threadably re 
ceived in a corresponding supporting Wall 5t 
formed integrally with the housing H. 
The engine 24 may be connected to the gear 

44 in any suitable manner but in the present 
case, and as a matter of illustration, a pinion 
shaft 52 is rotatably mounted in a bearing carrier 
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54 axially adjustably mounted within the for 
Ward extension 26 of the housing H and at its 
rear end is provided with a pinion 56 integral 
therewith arranged in meshing relationship with 
respect to the ring gear 44. The carrier 54 being 
adjustable axially of the pinion shaft 52 and, 
therefore, longitudinally of the boat, and the ring 
gear 54 being axially adjustable through adjust 
ment of the carriers 48, proper meshing relation 
ship of the ring gear 44 and pinion 56 is provided 
for. The driving ratio established between the 
pinion 56 and ring gear 44 may be any desired 
and will, of course, vary with the relative power 
output of the engine, diameter and normal depth 
of immersion of the driving discs, as well as with 
other factors, but for the purpose of illustration 
it may be assumed that in the particular em 
bodiment shown the pinion 56 will turn two to 
three times as fast as the ring gear 44. . 
As indicated in Fig. 3 the forward end of the 

pinion shaft 52 projects through the transom 22 
Within the area of the flange 28 and within the 
boat 20 is connected by a short shaft 60 and pref 
erably a pair of universal joints 62 with the drive 
shaft for the engine 24. Thus operation of the 
engine 24 causes rotation of the pinion shaft. 52 
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and pinion 56 and consequent rotation of the 
ring gear 44 and shaft 36. The rear end of the 
housing. His provided with an opening 64 therein 
through which the ring gear 44 and its mounting 
parts may be introduced into and removed from 
the interior of the housing and through which 
access may begained to the bearing carriers 48 
for the purpose of adjusting the position of the 
ring gear 44 axially thereof. 
The opening 64 is closed by a removable cover 

plate 66 suitably secured in position by means of 
cap screws 68. The cover plate 66 also forms a 
support for a rudder 70 and for this purpose the 
cover plate 66 is provided with brackets 72 adja 
cent its upper and lower edges to which the rud 
der T G is pivotally connected by means of pins 
such as 74, the pins 74 being arranged, of course, 
with their axes vertically disposed. The rudder 
TO is provided with a laterally offset arm T6 the 
free end of which is connected by a ball joint 78 
with a link 89 the forward end of which is piv 
otally connected as at 82 on a vertical axis with 
the rear end of a rod 84 which passes through 
the transom 22 and extends to any suitable type 
of steering wheel, or the like (not shown). Suit 
able packing such as 86 may be provided in Sur 
rounding relation with respect to the rod 84 to 
prevent leakage of water through the stern of 
the boat around the rod 84. 
The outer ends of the shaft 36 where they pro 

ject OutWardly beyond the corresponding ends of 
the housing H form the Support for the angularly 
disposed discs which provide the propulsion 
means for the present invention. While one or 
more discS may be mounted on each end of the 
shaft 36, and where more than one is so mounted 
each outer end of the shaft may require addi 
tional Support by an outboard bearing, for the 
purpose of illustration only one disc is shown 
mounted on each end of the shaft 36 and will 
uSulally be found Sufficient for most purposes. 
Accordingly, there is shown fixed to each outer 
end of the shaft 36 outwardly beyond the corre 
sponding end of the housing H a disc 90. Each 
disc 90 is provided with a hub 92 within which 
the corresponding end of the shaft 36 is non 
rotatably received and it is secured in position 
thereon by means of a nut 94 threaded on the 
end of the shaft 35. Each disc 90 is arranged 
with the general plane of thickness thereof at an 
angle to the axis of the shaft 36 as well as to a 
plane perpendicular to such axis. As previously 
mentioned experiments to date have indicated 
that satisfactory results are obtained where the 
angle of the plane of thickness of the disc is ar 
ranged between 35° and 45° with respect to a 
plane perpendicular to the axis of rotation, but 
it is presumed that further experiments will indi 
cate that disc angles both above and below this 
value may be employed and may be preferable 
under SOme conditions of operation. The discs 
90 are arranged in opposed relationship, that is 
that edge of one disc which extends closest to 
the center line of the boat is arranged in the same 
angular relationship with respect to the axis of 
the Shaft 36 as the corresponding edge of the 
other disc 90. It will be noted that the discs 90 
are of a diameter Such that they project below 
the plane of the bottom of the boat adjacent the 
transOim 22 an amount Somewhat less than half 
of the diameter Of the discs. This means that 
when the boat 20 is running at a normal speed 
the water leaving the stern of the boat will flow 
Substantially horizontally therefrom and, there 
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2,391,109 
fore, predetermine the depth of immersion of the 
discS 90 in Such water. - . 
The discs 90 in Figs. 1 to 6, inclusive, are illus 

trated as having those marginal edge portions 
thereof spaced from each other axially of the 
axis of rotation by the greatest amount as being 
bent or curved out of the general-plane of the 
discs toward a position more nearly perpendicular 
to the axis of rotation, this being a preferred 
arrangement as will hereinafter be more specifi 
cally described. However, for the purpose of 
explaining the action of the discs 90 upon the 
Water and how a propulsive thrust is obtained 
thereby, it is believed that it will be preferable 
for the moment to assume that the discs 90 are 
flat as indicated in Fig. 7 and not curved or 
Warped as shown in the preceding views. From 
an inspection of Fig. 7 it will be noted that the 
disc 90a, there shown is identical to the disc 90 
previously described except that it is perfectly 
flat or coplanar, but is disposed with the plane 
of its thickness at the same angle with respect 
to the axis of rotation as the general plane of 
the disc 90 shown in the preceding views. 

In operation the discs 90, when the boat is trav 
eling in a forwardly direction, rotate in a direc 
tion to carry their upper edges forwardly and 
their lower edges rearwardly. The lower portions 
only of the discs being immersed in the water 
during normal operation and in moving relatively 
rearwardly with respect to the boat alternately 
presents one Surface and then the other surface 
thereof in an oblique position against the Water 
thus tending to press the water in contact there 
with both rearwardly and laterally with respect 
to the axis of rotation of the discs. The two 
discs being arranged in opposed relationship the 
lateral thrust components offset one another 
With the result that the resultant force of the 
discs acting upon the water is exerted in the di 
rection of the longitudinal centerline of the asso 
ciated boat hull. When a perfectly flat disc such 
as the disc 90a illustrated in Fig. 7 is empioyed, 
there is a definite maximum degree of immersion 
of the disc during normal running operation that 
should not be exceeded. This is because of the 
fact a negative thrust component is incurred 
where the relative depth of immersion and angle 
of the disc are such that the nominal or running 
load water lines of the disc intersect.at the fore 
and aft and perpendicular positions of the disc 
rotation since, in this situation, a portion of the 
immersed area of the disc moves relatively for 
Ward during the working part of the cycle. With 
a flat disc the maximum depth of immersion pOS 
sible before incurring this negative thrust com 
ponent is calculated according to the equation: 

M-K Vitan 6 
where 

M-Depth of immersion as a fraction of diameter. 
6- Angle of disc with plane of rotation. 
K=Coefficient experimentally determined as 2125. 

Besides producing a negative thrust where im 
nersed too deeply as above pointed out the flat 
disc, such as illustrated in Fig. 7, has a Source of 
loSS. Which is present regardless of the depth of 
immersion that is occasioned by the downward 
and upward travel of the disc at an acute angle 
to the Surface of the water at the beginning and 
end of the cycle and the lifting of a quantity of 
Water above the normal water line at the end of 
the Working portion of the cycle, which concom 
itants of the action accomplish no useful work. 
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This lifting of the water at the end of the working 
cycle is somewhat analogous to the lifting of the 
Water by a non-feathering paddle wheel. 

he above described disadvantages of the com 
pletely flat disc, both from excessive depth of 
immersion during normal running conditions and 
the tendeney to lift water above the normal sur 
face of the water at the end of each working 
cycle of the disc may be substantially avoided by 
properly warping or bending the dises in therman 
ner illustrated in Figs. 1 to 6, inclusive. This 
formation of the disc is obtained by warping or 
bending the outer tips of the disc towards the 
plane of rotation thus maintaining the Surface of 
the discs more nearly constantly vertical, Pref 
erably the axially Outer tips of the disc are warped 
axially inwardly until the plane of the extreme 
margins of the bent portion approaches parallel 
ism with the plane of rotation. The warping of 
the disc serves a function somewhat analogous to 
the feathering of the blades of a paddle wheel 
but without the necessity for oscillation of the 
blades and its attendant problems and power ab 
sorption. The most important function of the 
warped conformation is, of course, the elimina 
tion of the Opposing or negative thrust compo 
rents or retarding action inherent in a flat disc 
having a diameter-draft-angle function outside 
of the critical limits previously mentioned. 

Et is, of course, true that the warped disc has 
the effect of accelerating the pressure upon the 
water more suddenly than does the flat disc but, 
at the optimum angles and degree and nature of 
warpage of disc curvature, the acceleration of 
pressure does not approach the proportions of 
impact. 
With a warped disc neither the maximum nor 

the optinum depth of immersion appears to be 
mathematically calculable since the degree and 
nature of warping can be so accomplished as to 
eliminate this negative thrust component at any 
practical disc tangent angle and at any depth of 
immersion up to 50% of the diameter. Rather, 
the maximum depth of immersion appears to be 
dependent on the size and design of the gear 
housing which must obviously be above the bot 
tom of the transom 22 of the boat 20 and which 
size and design are in turn determined upon the 
gear size and design. At the present time it ap 
pears, both from the standpoint of logic and from 
experimentations, that the optimum nature of 
warping consists of a simple bend in a sine curve 
of the outer portions of the tip of the disc toward 
the plane of rotation, which curve extends from 
and is tangent to a central flat portion adjacent 
to the hub of the disc and is also tangent to the 
plane of rotation at the tips. 
At the lowest boat speeds where the transom is 

not clear of the stern eddies and the disc is almost 
or totally submerged, the efficiency of the propul 
sion device of the present invention undoubtedly 
falls considerably but an entirely adequate thrust 
component is still produced due, it would appear, 
to the greater head of water which naturally 
exists at the bottom of the disc than at the top. 
At these lowest speeds, perhaps four miles per 
hour, the eomparatively low propulsive coefficient 
does not appear to affect the operating economy 
perceivably. It is pessible that the economy would 
be effected more noticeably as thesize of the vessel 
increases but it is assuredly practical to operate 
the vessel slightly faster than this eddy or “bur 
ble" range, say seven miles per hour, the greater 
share of the time. - - - 
The question also arises regarding constancy 
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of immersion in a seaway. In this respect it may 
be said that it has been entirely possible with 
only a slight alteration from normal hull form 
to maintain constancy of immersion at least equal 
and comparable to a conventional screw propelled 
vessel. In the case of lifting the disc element of 
the present invention clear of the Water and the 
resultant racing of the engine, the effects are far 
less serious and annoying than with a screw due 
to the lower rate of rotation and the absence of 
individual and separate blades. Further, cavita 
tion and racing will continue intermittently for 
an appreciable time after re-immersion of a screw 
propeller while the disc of the present invention 
bites immediately upon reaching the water. 
Comparisons in the performance of a boat 

equipped with a conventional type of screw pro 
peller and With a propulsion device constructed 
in accordance with the present invention indicate 
increases in speed of the boat with the same en 
gine of as much as 20% by the use of the pres 
ent invention. A consideration of the inherent 
sources of loSS in a Screw propelled boat as com 
pared to a boat propelled by mechanism con 
structed in accordance with the present invention 
is explanatory of the reasons why such increased 
performance is possible, 

fhe raajor sources of loss in the propulsion 
device of the present invention can be resolved 
into a practical particular or quantity which 
might be termed orbicular loss and which is the 
sum of the losses due to the downward, upward 
and sideward movement and acceleration of water 
resulting from the obliquity of pressure applica 
tion of the disc. This souree of loss possesses, 
in certain ways, an analogy in the loss which is 
the torsional component of the pressure on the 
aft faces of the blades of the screw propeller, the 
corollary of which is the rotation of the thirtist 
column. 
Surface or skin friction obviously exists in the 

operation of both the serew propeller and the disc 
of the present invention but is a complete loss 
only in the case of the screw. A minor part of 
the skin friction in the disc of the present inven 
tion results in loss due to adhesion and consequent 
lifting of water at the end of the working portion 
of the cycle, while the greater part of this friction 
provides a positive thrust component. - 
A head resistanee without skin friction and 

rather comparable to the reling resistance of a 
wheel results momentarily each time the disc of 
the present invention becomes parallel to the 
center line of the boat but, unless the section of 
the disc is tremendously thick, this resistance is 
negligible. 
. In addition, the serew propeller is subject to a 
source-ef less notineurred by the disc of the pres 
ent invention. This source of loss is occasionally 
termed "profile' or edge loss and is the loss due 
to that portion of the torsional resistance not 
resultant from the pressure on the aft faces of 
the blades nor from skin frietion. It is the loss 
due to the plain edgewise resistance of the blades 
to rotation in the water where no thrust load or 
skin friction are considered, the factors in which 
are the thickness and sectional shape of the 
blades, the diameter of the propeller and the 
peripheral speed. - - 

The rates at which these foregoing items of 
loss vary in the two types of propelling means, 
relative to the Several dimensions, proportions, 
ratios, speeds and loadings, are the key to aceu 
rate comparison and judgment between the screw 
propeller and the disc of the present invention. 
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For practical purposes of consideration the 

item which is termed orbicular loss in the case 
of the disc of the present invention probably 
varies virtually in direct proportion to the re 
quired specific power absorption. The counter 
part of this loss in the case of the screw propeller 
increases at a much more rapid rate with increase 
in the required specific power absorption since 
increases in power in relation to displacement 
and resistance necessitates increases of pitch, 
diameter and/or peripheral speed, and as has been 
previously remarked, losses tend to go up at an 
even more accelerated rate with increases in these 
dimensions beyond certain Well established prac 
tical proportions and limits. 

Skin friction undoubtedly varies at the same 
rate in both the screw and disc of the present in 
vention in relation to peripheral speed, but since 
the attendant loss in the case of the disc of the 
present invention is a considerably Smaller pro 
portion, it is obvious that the disc of the present 
invention possesses an advantage here especially 
in the higher speed ranges. 
Inasmuch as the screw only is subject to blade 

edge, resistance or “profile loss' and since this 
item is very considerable and increases at an ac 
celerated rate with increases in peripheral speed, 
sectional thickness and shape, and diameter, it is 
evident that here another point of advantage falls 
to the disc of the present invention. - 

Additional advantages of the present invention 
due to the elimination of all water immersed ap 
pendages, as for instance propeller shafts and 
struts, excepting only the steering appendages, 
and the elimination of the resultant reduction 
of the resistance of these appendages in passing 
through the water, are self-evident and need little 
comment. With improvements in the displace 
ment: power ratio, the proportion of appendages 
in Screw propeller driven craft has increased con 
siderably in most cases. Appendage resistance in 
the faster classes of Screw driven vessels accounts 
for upward of 20% of the total resistance, and in 
Some Cases much more, SO that a most Worth While 
net gain in vessel performance is had on this score 
alone by the use of the present invention. 
Also self-evident is the advantage of the present 

invention in permissible structural Sections and 
resultant durability of the working elements since 
blade edge or profile loss does not exist in the 
operation of the disc of the present invention. 
Furthermore on this score is the fact that since 
Shafts, hubs, etc., are nominally out of the water 
in the use of the present invention their size and 
design are not limited by consideration to resist 
ance to passage through water. 
From the foregoing consideration of the relative 

losses in screw propeller propulsion devices as 
compared to the present invention, those skilled 
in the art will readily appreciate the advantages 
of the present. invention as compared to screw 
propellers and the possibility of obtaining in 
creased performance in vessels equipped with the 
present invention over those equipped with con 
ventional screw propelling means. 

It might be noted at this point that during op 
eration of a boat provided with a propelling means 
constructed in accordance with the present in 
vention, a small amount of water will adhere to 
the discs on emerging from the Water and will be 
thrown off of the periphery thereof in the form 
of fine spray. To obviate the possibility of any 
of such spray being carried inboard to the dis 
comforture of the passengers it will usually be 
preferable to provide a hood or shield, such for 
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2,391,109. 
instance as is indicated in Fig. 1 by dotted lines 
at 100, secured to the hull of the boat in overlying 
relationship with respect to the discs 90. 
Steering of a boat propelled in accordance with 

the present invention creates no problem where 
twin opposed discs are employed as shown. A 
single rudder-mounted centrally between the two 
discs as shown and explained in connection with 
Figs. 1, 2, and 3 has been found to give adequate 
steering in the medium and higher speed ranges. 
A preferred form of rudder arrangement which 
gives entirely satisfactory control at all speeds 
and asternisillustrated in Fig. 4. 

Referring to Fig. 4 it will be noted that the 
construction there shown is identical to that pre 
viously shown excepting only the steering appara 
tus. Consequently, a description of the steering 
apparatus only will be sufficient to completely dis 
close the structure there shown. In this con 
struction it will be noted that the cover plate 66 
is replaced by a similar cover plate 66' except 
that in this case the plate 66" is provided at each 
side thereof with a pair of vertically spaced rear 
wardly and outwardly projecting arms O2 the 
outer ends of which extend into substantial align 
ment, longitudinally of the boat, with the centers 
of the corresponding discs 90. Between the arms 
f02 on each side of the cover plate 66 a rudder 
element 104 is pivotally mounted upon a vertical 
axis 06. The two rudders 04 at a point rear 
wardly of their corresponding pivot O6 are each 
pivotally connected as at 08 to the outer end of 
a corresponding cross-link? to the inner ends of 
which are pivotally connected together as at 12 
which thus constrains them to approximately 
equal pivotal movement. Pivotally mounted at 
f 4 about a vertical axis and on a cross-arm 6 
connecting the Outer ends of the upper arms O2 
is a bellcrank if 8 one arm of which is pivotally 
connected to the inner ends of the links 0 by the 
same pivot pin f2 which interconnects such 
links. The other arm of the bellcrank f8 is 
connected to a ball joint 78, corresponding to 
the ball joint 78 previously described and which 
is connected to a suitable steering wheel or the 
like within the hull of the boat. - - - 

Because of the obliquity of the discs 90 it will 
be appreciated by those skilled in the art that a 
condition of dynamic unbalance theoretically re 
sults due to the center of mass of the two opposite 
halves of each disc being spaced from each other 
axially of the axis of rotation. As a matter of 
fact this apparent unbalance has proven to be of 
little practical importance primarily due to the 
fact that the thrust of the disc in the water offsets 
the forces arising from this unbalanced condition 
to a greater or lesser extent. However, where it 
is desired to eliminate this condition of unbalance 
resort may be had to a construction such as illus 
trated in Fig. 5. The disc 90b in Fig. 5 may be 
considered identical to the disc 90 previously de 
Scribed and as being provided with a hub 92b 
identical with the hub 92 of the disc 90. Pro 
jecting outwardly from the hub 92b on diametri 
cally opposite sides thereof are a pair of arms 24 
each terminating in a weight 26. The arms 24 
preferably lie approximately in a plane disposed 
at the same angle to the plane of rotation as the 
central portion of the disc 90b but on the oppo 
site side thereof the plane of rotation passing 
centrally, through the disc. 90b. The arms 24 
and weights 26 are of a sufficient mass to dy 
namically balance the corresponding half of the 
disc. 90b with respect to the central plane of ro 
tation between them under rotating conditions, 
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Ehe construction, therefore, effects the dynamic 
balance of the assembly. The arms 24 are, of 
course, preferably of such length that the weights. 
26, will not become immersed in the Water dur 

ing rotation of the disc under normal running 
conditions, r. 

7. 
in the direction of obliquity of the disc 90e and 
preferably with a plurality of smaller openings 

5 

It will, of course, be appreciated that because 
of the circular continuity of the discS 90 a boat 
propelled by a propulsion device constructed in 
accordance with the present invention will be 
capable of operating in Weedy waters Without 
danger of the propelling mechanism becoming 
fouled in the Weeds, and this feature is of major 
importance in Some localities. It is also of in 
portance. When employed for propelling motor 
torpedo boats or similar shallow draft vessels in 
warfare. In this connection it is common prac 
tice to protect harbors or other waters from at 
tack by... such vessels by laying metallic cables 
or nets. Over or close to the:Surface of the Water 
to be protected. Under such circumstances if a. 
conventional screw propeller propelled type of 
boat, attempts to enter such Water the cables or 
nets, become fouled in the propeller and thus ten 
der the boat useless and vulnerable to attack. By 
the use of the disc propelling means of the pres 
ent invention. Such boats are enabled to pass over 
Such cables or nets with no difficulty at all and 
may even be aided in such case, particularly if 
Such cables or lets are sufficiently anchored to 
provide a substantial surface against which the 
thrust of the dises...may be exerted. 
In fact the present invention particularly lends, 

itself to modification to facilitate the destruc 
tion of the cables or nets above referred to and 
the manner of accomplishing this is illustrated 
in Figs, 8 and 9. Although in this connection 
either the straight or the warped discs may be 
employed the disc 90c illustrated in Figs. 8 and 
9 is shown as a perfectly flat disc for the pur 
pose. of illustration. Its peripheral surface is 
formed to provide a plurality of relatively small 
cutting teeth f30. In this case the disc 90c, or 
at least the peripheral portion thereof, is prefer 
ably formed from a material equivalent to that 
found in certain types of cutting tools. Obvi 
ously should a boat equipped with driving discs 
such as the disc 9.0c shown in Figs. 8. and 9 come 
in contact wtih a metal cable or net and could 
be maneuvered to bring the disc. 90c into any 
degree of sustained contact with such cables or 
nets the strands thereof will be quickly severed 
by the cutting action of the teeth f3Othereon 
when the disc is rotating. 

In the constructions thus far described the 
discs 90 in each case have been illustrated as 
being provided with an integral hub structure 
or at least one that is permanently fixed with re 
spect thereto. Under such conditions if it is de 
sired to replace a disc such as 90 with onehaving. 
a greater or lesser angularity with respect to the 
plane of rotation, as may become desirable from 
observing certain operating characteristics of the 
associated boat, it will, of course, be necessary to 
replace the entire disc, and hub structure by 
one of the desired angularity. The necessity of 
making. Such complete replacement may be over 
come to a great extent by the construction illus 
trated in Fig. 10. 

Referring now to Fig. 10 it will be noted that 
the outer end of the shaft 36 where it is adapted 
to receive a driving disc is slightly reduced in di 
ameter and splined as indicated at 40. The disc 
90e in this case is made up without a hub but 
with a central opening f42 preferably elongated 

10 

15 

44 arranged in a circle concentric with the cen 
ter of the disc 99e and angularly spaced from 
One another about. Such circle. The hub in this 
case is made up of a pair of parts f46 each hav 
ing a central splined bore for reception on the 
portion 40 of the shaft. 36 and opposed axially 
directed faces 48 arranged at an obliquity with 
respect to the plane of rotation corresponding 
with that desired for the disc 90e. One of the 
hub members f46 may be provided with a plu 
rality of pins 50 secured therein and arranged 
in a circle and angularly spaced from one ari 
other corresponding to the openings 44 so as to 
be receivable in the openings 44 and thereby 
positively lock the disc 90e against relative rota 
tion. With respect thereto. The disc 90e is inter 
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posed between the faces 48 of the hub mem. 
bers f46 with the pins 50 received in the open 
ings f44 and the nut. 94eia being drawn up firmly 
clamps the disc 90e between the hub members 
46 and fixes it at the desired angle with re 

Spect to the plane of rotation. With this con 
struction various sets of hub members. 46 may 
be provided with varying angularities of the faces: 
f48 thereof. So that in event it is desired to change: 
the angle of a disc 90e all that is required is a 
pair of hub members 46 having cooperating 
faces 48 of the required angularity. Under such 
circumstances the disc member 99e and hub 
members 46 are removed from the shaft 36, upon 
removal of the nut. 94e, upon which the new set. 
of hub members with the disc 90e. between them. 
may be replaced on the shaft, 3-6, the nut 94e re 
placed, and the structure is then ready for op 
eration. The hub members f46 being relatively 
economical to manufacture permits the angu 
larity of a disc. such as 90e to be changed at a 
minimum of cost. . 

It may be found desirable under some circum 
stances to be able to. vary the angularity of the 
driving discs during operation and under such 
circumstances a construction such as disclosed. 
in Fig. 11, or it equivalent, may be resorted to. 
Referring to Fig.11 which illustrates one end only 
of the drive shaft and a single disc associated 
therewith, it will be understood that the shaft 
36 corresponds with the shaft. 36 previously de 
Scribed and may be supported and carried in the 
Same or a similar manner. On the outer end of 
the shaft 36' a disc 90f is mounted. The disc 
90f is provided with a fixed hub.92f through which 
the shaft 36 projects. A pin 60 projects through 
the hub 92f and diametrically through the shaft 
36 and the bore of the hub 92f is elongated in a 
direction transverse to its axis and in a direction. 
perpendicular to the axis of the pin 60 so that 
the disc 90f may swing about the axis of the pin 
f60 which, of course, restrains the disc 96f to 
equal rotation with the shaft 36. Axially in 
Wardly of the disc 90f a ring-like member 62 is 
mounted on the shaft 36 for movement axially 
thereof but is maintained against relative rota 
tion thereon by means of one or more keys. f64. 
The member 62 is provided with an outwardly 
projecting ear 66 thereon to which one end of 
a link f68 is pivotally connected as at 70. The 
Opposite end of the link 68 is pivotally connected 
to an ear 72 formed on the disc 90f as at 74. 
Thus the position of the member 62 axially of 
the shaft 36' determines the angularity of the 
plane of thickness of the disc 90f with respect to. 
the plane of rotation of the disc. In order to: 
control the position of the member 62 on the 
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ripheral groove 76. Pivotally supported as at 
f78, on the housing H or otherwise, is a lever 80 
having a yoke end f 82 slidably engaged in the 
groove 76 at diametrically opposite points there 
of. The upper end of the lever 80 may be piv 
otally connected by any suitable means such as 
a link 84 with any suitable type or form of con 
trol member operation of which causes pivotal 
movement of the lever 80 about its pivot point 
78. As will be readily appreciated by the con 

struction described the angularity of the disc 90f 
may be adjusted during its rotation. So that any 
desired augularity thereof, within reasonable 
limits, may be obtained during operation of the 
propulsion device. 
Formal changes may be made in the specifi 

embodiments of the invention described without 
departing from the spirit or Substance of the 
broad invention, the scope of which is commen 
surate with the appended claims. 
What is claimed is: - 
1. In a boat of the class wherein the hull ter 

minates at its rear end in a transom, the combi 
nation with said transom of a propulsion unit 
mounted thereon and comprising a housing fixed 
to said transom, shaft means rotatably Supported 
in said housing with the axis of rotation thereof 
disposed generally horizontally and transversely 
to the longitudinal center line of the boat, a drive 
shaft rotatably mounted within Said housing, 
gearing connecting said drive shaft and said shaft 
means for simultaneous rotation, Said shaft 
means projecting outwardly beyond said housing 
at opposite sides thereof, and a water displace 
ment element comprising a disc-like member 
fixed to each outwardly projecting end of said 
shaft means with the plane of its thickness dis 
posed at an angle to the axis of rotation of Said 
shaft means and to a plane perpendicular thereto, 
said disc-like members being of Such a size as to 
project below the lower edge of said transom. 

2. In a boat of the class wherein the bottom is 
provided with a sharp rear edge from which the 
water flows substantially horizontally rearwardly 
during normal operation, the combination with 
said stern of a propulsion unit mounted thereon 
comprising a housing, a shaft rotatably mounted 
in said housing about a substantially horizontal 
axis extending perpendicular to the longitudinal 
center line of said boat and projecting beyond 
both sides of said housing, a drive shaft rotatably 
mounted in said housing in transverse relation 
ship with respect to the first mentioned shaft, 
gearing connecting said drive shaft and the first 
mentioned shaft, said housing terminating at its 
bottom above the general plane of the lower edge 
of the stern of said boat, and a propulsion ele 
ment fixed to each projecting end of said first 
mentioned shaft, said propulsion elements each 
comprising a disc-like member fixed for equal ro 
tation with said first mentioned shaft and ar 
ranged with the general plane of thickness, there 
of at an angle to the axis of rotation of Said first 
mentioned shaft and to a plane perpendicular 
thereto, said disc-like members projecting below 
said lower edge of said stern. 

3. In combination with a boat having a tran 
som, propulsion mechanism comprising, a rigid 
housing having a longitudinal centerline in sub 
stantial parallelism with the longitudinal center 
line of said boat, a horizontally disposed shaft 
rotatably mounted in said housing disposed 
transversely to the longitudinal centerline thereof 
and projecting beyond opposite sides thereof, a 
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shaft 36, the member 62 is provided with ape disc-like water engaging element secured to said 
shaft on each side of said housing each with the 
plane of its thickness disposed at an acute angle 
to a plane perpendicular to the axis of Said shaft, 
a second generally horizontally extending shaft 
rotatably mounted in said housing in perpendicu 
lar relationship with respect to the first-men 
tioned shaft, gearing within Said housing Opera 
tively interconnecting said shafts, and said hous 
ing being provided with a vertically directed Sur 
face arranged for securement to a complemen 
tarily disposed surface on said transom of Said 
boat, said surface forming the sole area of con 
tact between said mechanism and Said hull. 

4. In combination with a boat having a tran 
som, propulsion mechanism comprising, a hous 
ing having a central portion, a horizontally and 
laterally directed tubular extension projecting 
from each of its laterally opposite sides, and an 
additional tubular extension projecting forward 
ly therefrom in approximately the Same plane as 
the first-mentioned extensions, the last-men 
tioned extension terminating in a vertically di 
rected attaching and supporting surface adapted 
for rigid securement to the transom of said boat, 
a horizontally directed transverse shaft in said 
housing rotatably supported in the first-men 
tioned extensions and projecting outwardly there 
beyond, a second shaft rotatably supported in the 
last-mentioned extension, gearing within said 
housing operatively connecting said shafts for 
inter-related movements, and a pair of disc-like 
propulsion elements of Substantially unbroken 
circular conformation, each secured to a corre 
Sponding end of the first-mentioned shaft ex 
teriorly of said housing, and each arranged with 
its axis at an acute angle to the axis of said 
first-mentioned shaft. 

5. A marine propeller comprising a generally 
circular disc-like element adapted to be mounted 
for rotation about a horizontal axis disposed 
transversely to the direction of movement, said 
element having its general plane of thickness ar 
ranged in non-perpendicular relationship with 
Said axis, radially oppositely-disposed, axially 
Spaced segments thereof being warped toward 
tangency with a plane perpendicular to said axis. 

6. A marine propulsion device comprising a 
plurality of disc-like elements of generally circu 
lar form mounted for rotation about a horizontal 
axis, Said axis being disposed transversely to the 
normal direction of movement, the general planes 
of thickness of Said respective elements being dis 
posed non-perpendicular with respect to said axis, 
and Said elements having axially-spaced, oppo 
sitely-disposed segments thereof warped toward 
tangency with planes perpendicular to said axis. 

7. A marine propulsion device comprising a 
pair of generally circular disc-like elements 
mounted for rotation about a horizontal axis 
Which axis is disposed tranSVersely to the normal 
direction of travel, the respective planes of thick 
ness of said elements being disposed in equal and 
opposite non-perpendicular relationship with said. 
axis, Said elements each having radially opposite, 
axially-spaced segments thereof warped toward 
tangency. With planes perpendicular to said axis. 

8. In combination. With a water-borne. Craft 
having a transom, a propeller mounted abaft of 
Said transom comprising a generally circular disc 
like element; means mounting said element for 
rotation about a horizontal axis disposed trans 
versely to the direction of travel, said element 
being constructed and arranged with its general 
plane of thickness in non-perpendicular rela 
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tionship with said axis and having radially-oppo 
sitely disposed, axially-spaced segments thereof 
warped toward tangency with planes perpendicu 
lar to said axis. 

9. In combination with a boat having a tran 
som, a propeller mounted abaft of Said transom. 
comprising a generally circular disc-like element; 
means mounting said element for rotation about 
a horizontal axis disposed transversely to the nor 
mal direction of boat movement and for partial 
immersion only in the Water supporting said boat 
during normal operation, said element having its 
general plane of thickness disposed in non-per 
pendicular relationship with said axis and being 
constructed and arranged Such that the immersed 
fraction of the diameter thereof measured in a 
direction perpendicular to the Surface of said 
water is equal to 

K Vitan 6 
where 6 is the angle of said disc with the plane 
of rotation and K is equal to .2125. 

10. The combination according to claim 8 
Wherein a pair of complementary arranged ele 
inents are used. 

11. The combination according to claim 9 
wherein a pair of elements in complementarily 
opposed relation are mounted on a common axis 
of rotation and in spaced relation to each other 
longitudinally of said axis, 

12. A marine propeller comprising a generally 
circular disc-like element adapted to be mounted 
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for rotation about a horizontal axis disposed 
transversely to the direction of movement, said 
element having its general plane of thickness ar 
ranged in non-perpendicular relationship with 
said axis, radially oppositely-disposed axially 
spaced segments thereof being displaced from 
said plane of thickness such that at normal run 
ning immersion positive thrust is exerted 
throughout the entire immersed area of Said ele 
ment. 

13. A marine propeller comprising a generally 
circular disc-like element adapted to be mounted 
for rotation about a horizontal axis disposed 
transversely to the direction of movement, said 
element having its general plane of thickness 
arranged in non-perpendicular relationship with 
said axis, radially oppositely-disposed, axially 
Spaced segments thereof being curved sinusoidally 
into tangency With planes perpendicular to said 
axS. 

14. A marine propeller comprising a generally 
circular disc-like element adapted to be mounted 
for rotation about a horizontal axis disposed 
transversely to the direction of movement, said 
element having its general plane of thickness ar 
ranged in non-perpendicular relationship with 
said axis radially oppositely-disposed, axially 
Spaced Segments thereof being curved into 
tangency with planes parallel to the plane of 
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