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ABSTRACT: A steerable propeller for watercraft wherein the
propeller is driven through a planetary system, the same being
loosely mounted but self-centering in operation. A further fea-
ture limits the radial play of the planetary parts to minimize
tooth contact when same is not operating.
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DRIVE MECHAN]SM FOR A STEERABLE PROPELLER

This 1nventron relates toa dnve mechamsm for a steerable
propeller of a watercraft or the like; said steerable propeller
being vaotable about an approximately vettical axis, in which
‘the propeller is driven. by a drive motor through a gear train
leading underneath the waterlme, the underwater portion of
said gear train consrstmg at least partrally of a planetary gear-

ing.

Steerable propellers are;as’is’ commonly known, used to

drive and steer watercraft. Accordmg to orie proposal which is
hot as yet a’part of the known art, the torque driving the
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- vehicle (as when a ‘boat supplied with‘such gearing is being

driven by some other means and the steerable propeller is idle
and is raised out of the water) is much greater if the gear train
stands still during such moving. :

To overcome this disadvantage, the. invention further pro-
vides that the gearing member which isto be guided, for exam: -

- ple the planetary carrier supporting.the planet gears, is sup-

propelier is transmttted from'a gear trsin positioned above the _

water to 2 gear ‘train. posrtloned below the waterline through a
shaft which.is arranged substantially vertically and:operating
ata relatrvely high: rotational speed and a’small torque. Thus,

the moment of reactron ‘which must be resisted by the control -

unit and, if desired, by a stabilizing blade is: minimized. Ac-
cording to the same not yet published proposal; the rotational

* speed for the propeller in the underwater housing is reduced -

to. a value which is surtable'for the- propeller namely, by
- ‘means of a planetary -gearing. This’ construction 'has the ad-

vantage ‘that'a’ large’ reduction’ pearitig can be accommodated

in a small-area; thus, thé underwater. housing which mterferes :

with the propeller’s effectiveniess can be maintained small. -
Since 'the planetary ‘gearing must b ‘accommiodated in a

small zone for-the above-descnbed reasons, yet same can be
subjected:to a relativély high: load, for example by a sudden -

torque on the: propeller as when the propeller hits.an obstacle,
it is necessary both that the reactive effect on the gear train is
" maintained ‘as small as: posSrble and-that ‘caré is taken that all
possrble teeth of the gear train carry load.:

: To attain this’ purpose the present rnventron provrdes that in:

, 'a presently known mann

tleast oneof’ the elements of the
planetary gearing, ring. gear, ‘

£ planet gears, is radi-

ally. vesiliently supported (also referred 10 as. floatingly forapparatus of large output capacity. A further embodiment,

-in which the: propeller shaft is also rigidly supported, is that the

mounted).and is guided in the ‘teeth of at least one other ele-
‘ment which is radially rigidly. supported.

A planetary gearing. offers special advan n_ges in partncular
in drive mechanisms in which the torque is guided to the un-

derwater gear train through a vertical center shaft about the - . -
axis. of ‘which the steefing. movement. is ‘performed’ and in- .
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ported radially resiliently and that said member, for example
the propeller shaft, is surrounded-by. a sleeve or the like,

“whereby the play between the sleeve and the surrounded part,
.thus for example. the propeller shaft, is smaller than.the radial
component of the. tooth play between the teeth of the guiding

part'and the teeth of the ghided part so that the unloaded ad-
justable gearing member is supported on’ the sleeve but noton

the teeth.

A particularly. advantageous constructton -of the invention is

‘that the adjustable and supportable member, for example the

planet carrier, is supported at least at one point with a radially

“adjustable bearing which centers under an axial pressure, for

example a conical roller bearing. This advantageous construc-

: tron is described in detail in connection with one embodiment.

“tis advantageous for the above-described embodiment to
minimize the normal: noise of runmng if the radially resilient
bearing ‘of: the propeller shaft is connected with a friction-

‘'vibration damper.

‘A further advantageous constructron of the invention is that

""the propeller shaft is supported radially and axially rigidly,

that the. element driving the propeller shaft, for example the
planet gears or the planet carrier, is gulded substantially by the

“teeth.of at least one of the.ather elements for example the sun

gear, and that the element driving the propeller shaft is con-
nected to the propeller shaft throngh an at least radially flexi-

" “ble coupling element, for example a toothed coupling having
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which no.special steps are taken for recelvlng the:-moment of

reaction. On the other hand, however, it is important’ that the:
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transfer of torque from the Teversing gearmg to the planetary‘ ,

gearmg is -done. without. deflections in..order to. prevent -

jamming or. the like from occumng due o the steering move-

.ment in the planetary gearing. “The invention, therefore, pro- .

vides. that:the planetary geating ‘is: posmoned behind ' the’

reversing gearing and-that the reversing gearing is connected
to the planetary gearing through a ﬂexrble couplmg, for exam-
ple a splined; or toothed, couphng

50

‘radial play, The propeller in'this embodiment is uneffected by

the flexibility of the invention and this can be of importance

propeller shaft is supported radially and axially rigidly and is
'essentlally rigidly connected to the' element of the. planetary
gearing, for example the planet carrier, said element driving

. “the propeller shaft; and. that at least one of the other elements,

for ‘example either the nng gear or the sun gear is radially
resiliently supported-and is guided in the teeth of the planet
gears. For all described structures; in particular for the last-
described structure, the- coupling- of the resiliently supported

' elements: with ' the "connecting ‘parts "is obtained" through
resilient ‘members,  for exaniple: rubber :linings or rubber

sleeves. Thus the resiliency is combined with a restoring force.

. "Furthermore most elastic materials, for example rubber, have
‘a dampmg capacity whereby the rubber ¢lements further quiet -

A further: embodlment of the invention is that two ¢lements, :

for example the-ring gear and the’ planet gears are resiliently
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" supported and are guided directly or ‘indirectly in:the teeth of -

the third element, for example the sun gear. -

the running.

*"Further characteristics and advantages of the invention will
‘be understood by readmg the following description.

- The .invention is illustrated by one embodlment in the

' drawmgs, in' which:

- According to the inventionan advantageous constructron is "

" chosen so that the propeller shaft: supporting the propeller is
: ngldly connected to one of the elemments of the planetary gear-

"FIG. 1 is a side elevational vrew of a so-called steerable

" propeller for a watercraft, the embodlment referring to the
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-ing and that the propeller shaftis radlally resiliently supported -

on the side facing the planetary gearing through which the
- propeller shaft supports itself, for example through the plane-

tary set on the central internally toothed ring. The internally .-
. toothed ring can thereby be ‘rigidly supported which:can be

advantageous to the sturdiness of the planetary gearmg

65

If a planetary gearing is not in’ operatron, the gearmg ele-" -

ments, if they are supported radially resiliently as in the inven-

tion, move downwardly duie to the gravity so far that the teeth - v

of the planetary gears (at least.one of the planetary gears) lies

without play in the tooth space or the tooth spaces. This type -

 of festing load is undesirable bécause in having no movement

one surface hammers into the opposite surface. This hammer- - e
ing can take place during a condition of rest in the- housmg by* '

‘means of vrbratlons applred thereto The danger in a moving

steerable propeller

FIG. 2 is a longitudinal view of a gear train of the invention. -
. FIG. 3 is a cross-sectional view of a planetary gearing of the
invention in an enlarged scale. ,

FIG. 4 is a' schematical cross-sectional view along the line -
4-4 of FIG: 2 whereby the body'of the planet carrier is not il-
lustrated and only the planet gears and the corresponding
shaft of the gear member are illustrated.

FIG. § is a‘detailed illustration of a tooth and a tooth space
to further explain theinvention. :

FIG: 6 illustrates a modified embodiment for the connection

-of the propeller shaft to the planetary gearing.

. FIG. 7 illustrates a further embodiment of the invention.
" The'steerable propellet. is, for. the purpose of driving and

' steermg a watercraft 10 or the like, mounted to a suitable

75"

place on the outside of the watercraft for example to the
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stern. The fastening means are known and are therefore not il-
lustrated. The drive is provided by a drive motor (which is
provided in the watercraft but which is not illustrated)
through conventional drive transfer mechanisms, for example
through a transfer shaft 11, onto the coupling flange 12 of a
drive shaft 13, said drive shaft being supported in an above-
water housing 14 of the steerable propeller. A bevel gear 15 is
fixedly connected to the free end of the drive shaft 13. The
bevel gear is in a meshing engagement with a bevel gear 16
which is secured rotationally fixed on a center shaft 17. The
center shaft 17 is arranged vertically and extends through the
above-water housing 14, a control housing 18, a shaft housing
19 and terminates in an underwater housing 20. The center
shaft 17 can be made of several pieces 17a, 17b for reasons of
a favorable installation. The single parts are connected by one
or, if desired, several couplings 21. The propeller is pivoted
about the axis of the center shaft 17 for the purpose of steer-
ing. The center shaft 17 drives a direction changing gearing,
here a gear train comprising a planetary gearing, which is sup-
ported in a gear housing 22. The propeller shaft 23 which car-
ries the propeller P is also supported in the gear housing 22.

The underwater housing 20 is fastened, here screwed,
together with a control sleeve 24. A platelike bevel gear 25 is
secure to the upper end of the control sleeve 24, said end ex-
tending into the control housing 18. The control sleeve 24 and
the platelike bevel gear 25 are concentrically arranged to the
center shaft 17 at the bottom end of which is fixed a bevel gear
31. The shaft housing 19 and the control sleeve 24 are sealed
by a suitable sealing. A bevel gear 27 is in meshing engage-
ment with a platelike bevel gear 25. The bevel gear 27 is fixed
to one end of a control shaft 28 which is supported in the con-
trol housing 18. A worm gear 29 is secured to the other end of
the control shaft 28, a worm 30 engaging said worm gear. The
worm 30 has a stub shaft 30a projecting out of the control
housing. A connecting shaft 30 being securable to said stub
shaft in order to rotate the underwater housing from a steering
wheel (not illustrated) through the mentioned elements and to
thus pivot the propeller P about the axis of the center shaft 17
and to control the watercraft.

FIG! 3 illiistrates in detail the gear train positioned under
the water level. The above-mentioned gear 31 is in a meshing
engagement with a bevel gear 32 which is secured to a hollow
shaft 33. The hollow shaft 33 or the bevel gear 32 is supported
by two bearings 34, 34a. The propeller shaft 23 penetrates
through the hollow shaft 33. The ‘propeller shaft 23 is sup-
ported at its right end in the gear housing by means of a double
conical roller bearing 35. The double conical roller bearing 35
comprises two conical roller bearings 36, 37, the inner races
38, 39 of which are positioned on a_stub shaft 40 of the
propeller shaft 23. They are spaced-apart by a sleeve 41. The
two inner races are secured to the stub shaft 40 by means of a
washer 53 and screws 54. The outer races 42, 43 axially abut a
ﬂange 44 arranged between sald otter rings, said flange form-
mg a unit with the housing 22 or being connected to said hous-
ing. Shrunk rings 45, 46 are shrink onto the outer rings 42,
43, which shrunk rings are slotted. Said slots are engaged by
one or several pins 47 which thus prevent the outer rings 42,

43 from rotating. Clearance 48, 49 is provided between the’

neck 22a of the gear housing receiving the bearings and the
outer shrunk rings 45 and 46. The outer rings or the shrunk
rings are axially secured with snap rings 50, 51. Strong springs
52 which axially press onto the outer rings 42, 43 are provided
in the flange 44, said springs urging the lifting of the conical
roller bearing off the flange which, however, is prevented by
the washer 53 and the screw 54. However, the axial springs
cause a reduction of the abutment pressure between the outer
rmgs and the flange when the double conical roller bearing 35
is not under stress so that the conical roller bearings, when
there is no axial stress, using the clearance 48, 49 radially, can
move radially. Washers 55, 56 can be inserted between bear-
ing and flange.

An internally toothed, annularly shaped ring gear 60 is cen-
tered and screwed (or bolted) in the gear housing 22. A
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number of planet gears 61, 62, 63 are in meshing engagement
with the internal teeth, said planet gears being rotatably but
not longitudinally supported.in a planet carrier 66 by means of
stub shafts 64 and, if desired, bearings 65.. The planet carrier
66 is secured on the propeller shaft.23 with a toothed coupling
67 against rotation and with suitable means against axial

movement. The third member of _the_pl"anetary gearing is an
externally toothed sun gear 68 which.is:in meshing engage-
ment with the planetary gears. The sun gear 68 has aneck por-
coupling 70. Said coupling engages the_mternal teeth with
which the above-described bevel gear 32 is.provided. The sun
gear 68 is suspended without other support within such last-
named teeth and is guided radially only through same. The sun
gear 68 is axially maintained by suitable means for example by
asnapring 71.

Since the double conical roller bearing 35 is of a rudmlly
resilient construction, the planet gears or their planet carrier
and indirectly also the sun gear 68 are guided by the meshing
teeth on the ring gear 60. )

If a peripheral force acts on the teeth, the teeth are inclined
to adjust to the operating pitch circles. However, if a centering
peripheral force is not provided, the toothed parts will fall
downwardly through gravity inasmuch as the tooth clearance
permits such fall. This is.schematically illustrated in FIG. 5.
Only a space 72 of the annularly shaped ring gear 60 is illus-
trated. If the invention is not applied, the planet carrier with
the planet gears will slide downwardly until, for example, one
tooth 73 lies without play in the respective space 72 (dash-
dotted line 74). During operation the planet carrier would rise
again due to the peripheral forces acting on the teeth and the
teeth of the planet gears would adjust to the operating pitch
circles so that, aside from radially deflecting larger forces, the
gearing would run smoothly. However; if the gearing remains
in the described rest condition for a long period of time, the
tooth flank will hammer itself into the space flank, particu-
larly, if the gearing is in a moving vehicle but itself out of
operation as is frequently the case with steerable propellers.

To overcome the above deticiency, the hollow shaft 33 is
provided with a sleeve 75 which surrounds the planetary carri-
er shaft with little play, indicated by the space 76. Thus, the
tooth no longer rests on the space but the propeller shaft rests
on the sleeve 75 so that the tooth 73 takes approximately the
position as illustrated in full lines in FIG. 5, so that a space 77,
78 is provided between the tooth flanks. The planet carrier
with the planet gears, and thus also the propeller shaft with the
double bearing 35, are thereby positioned slightly underneath
the axis of the'ring gear.

When the propeller starts to operate at first it does not have
its full torque and more important yet it does not have the full
pushing force which is to be received by the conical roller
bearing 36. Thus, the teeth of the planet gears can adjust cen-
trally due to the peripheral forces to the operating pitch cir-
cles and also to the planet carrier shaft (propeller shaft 23),
the teeth 73 being slightly above the illustrated place and
abutting a space flank. The bearing 35 follows said central
movement because a relatively small axial force is at first still
present. In the meantime the full pushing force of the
propeller has built up. The pushing force maintains the bear-
ing 35 in the central position.

The relatively small sun gear 68 is of a light weight and, in
the example, does not require any special measures. If desired,
it is of course also possible to apply the mventmn to the sun
gear or to the ring gear.

If the propeller is stopped, the planetary carrier shaft
(propeller shaft 23) returns to lie on the sleeve 75 so that the
planetary gears are supported free from the rmg gear teeth.

A further embodiment of the planetary gearing for a steera-
ble propeller according to the invention is illustrated in FIG. 6.
The parts illustrated in FIG. 6 are substann;xlly the same as
those illustrated in FIG. 3. The difference is that the propeller
shaft itself is supported substantlally radially and also axially
and also that the internal tooth ring 66’ and the resiliency of
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" .the planet gears 61 62 63 is provrded in the connection
between the propeller shaft 23’ and the planet carrier 66'. A
toathed couplmg 79 is provxded for “this_purpose on ‘the
"..propeller shaft andin the, planetary carrier, which _coupling
transmits.a torque, however, permits the planetary gears to ad-
just themselves to the teeth gurdmg said planet gears, thus for
example the teeth of the internal ring gear 60' The sun gear
68’ is alsoresiliently supported.. . " .

A still further advantageous embodrment of the invention is
illustrated in FIG. 7. The propeller shaft 23'" is here too like in
the embodiment of FIG. 6 posmoned rigidly both radially and
axially. The planet carrier 66'" is: tightly fixed onto ‘the
propeller shaft. Suitable teeth or splmes 80 are provided for
coupling or the securing .can be done. in_any other known

manner. Thus, the propeller. shaft 23" with the planet carrier

66"’ and the planet gears 61*',:62", 63" form'a guide for at

least one of the sun gears. It is advantageous 10 support both-

sun gears. 60'' and 68’ resiliently. The sun gear 68’" and the
bevel gear 32 are, as above-described or in any other suitable
manner, res1hently coupled for this purpose. The . internal

tooth ring 60" is freely movably received ‘by screws 82

through rubber sleeves 81 or through equivalent elements.

The screws 82 are posrtloned in the housmg Resilient mem-
bers which have a damping capacity arevery advantageous in
a propeller drive. Therefore all other resilient coupling of the

10
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said dnven shaft said planetary gear means compnsrng a
pair of concentric, radially spaced gear members and a
planetary carrier member carrying planetary gears, said
.- planetary gears being mounted for simultaneous meshing
" -engagement with said palr of radlally spaced, concentnc '
gear members; and | A
means floatingly mounting any two of the aforemennoned
members for a larger radial displacement than woul
- result from normal .manufacturing tolerances in sai
planetary gear means so that said two members are capa-
ble of a radial displacement relative to the remaining radi-
ally fixed member, the teeth of the radially fixed member
guiding the radial dlsplacement of the two ﬂoatmgly
mounted members.
2. Thé drive mecHanism defined m claim 1, wherein said

» drive mechanism for said propeller includes means for con-

20

" trolling said propeller about a generally vertical axis of a steer-

ing shaft, said steenng shaft being substannally parallel to said
drive shaft.
3. The drive mechamsm deﬁhed in clalm 1, wherein said

" planetary carrier member is ﬁxedly secured to said driven

25

planetary gearing can also be provrded with rubber ‘inter-

mediate layers or the like. Tt -is also possrb]e to provnde
between gear hub and tooth ring of the adjustable gears in a
known -manner a rubber packing by means of vulcanizing or
any equivalent means. .

The bearings in the gear train of FIG. 2 are illustrated as ball

30

" bearings and in the other FIGS. are 1llustrated as rollers or .

conical roller bearings. Inasmuch as the bearings are not a part
of the invention, nothing js prescribed in this respect (it would
also be possible to provide sliding bearings). Lubricating

35

maintenance and.: sealing elements are not illustrated and~

. described because they are nota. part of the invention."
A steerable propeller which, in the underwater pomon is
provrded with a reduction gearing in form of a planetary gear-
ing has considerable. advantages. The. torque- at the ‘vertical

center shaft can be'small and thus the reaction moment which -

acts on the control and/or blade is also correspondmgly small

which is advantageous ‘as to.the construction of the control -

(steering mechanism) and/or the degree of flow effectiveness.
By choosing a planetary gear a large reduction gearing can be
placed in a small underwater gearing which also lmproves the
degree of the propeller effectiveness. :

This, with respect to:the loading capacrty, the structure of
the planetary: gearing is particularly advantageous ‘because

jammings or cants due to the control movement cannot occur:

in the planetary gearing and because the load is distributed to

a large number of teeth. Thus, the relationship of the propeller’

diameter and to the diameter of the underwater gear housing
_is made more favorable yet. The invention also increases the
sturdiness and the operatmg safety of the steerable propeller.
© Tclaim: ¢
1.A drive mechamsm fora propeller posrtroned below the
water line on- watercraft and the. like, said - propeller being
driven by an engine mboard ofthe watercraft comprising; -
. frame means; .
‘a drive shaft supported by said frame means for rotation
- about a generally vertical axis and having a first gear
. -secured to the lower end thereof and rotatable therewith;
enclosure means below said water line of said watercraft
secured to said frame means, said lower end of said drive
shaft extending into said enclosure means; -
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shaft; and wherein said driven shaft is supported for rotation
by bearings located adjacent opposnte ends thereof, the
bearings adjacent one end permitting a radial displacement of
both said one end of said driven shaft and said planet carrier

"member fixed thereto for providing said floating mounting.

4. The drive mechanism defined in claim 3, including sleeve
means surrounding said driven shaft, the spacmg between said
driven shaft and said sleeve means béing less than the radial
displacement of said driven shaft whereby said. driven shaft
will be supported by.said sleeve means when said drive
mechanism is at rest.

5. The drive mechanism defined in clalm 3, including means
for supporting said bearings located adjacent said one end of
said driven shaft for movement -radially of said enclosure
means, said bearing supporting means further being respon-
sive to the axial thrust of said propeller to reduce the radial

ydrsplacement of said one end of said driven shaft to zero.

6. The drive mechanism defined in claim ‘1, wherein said
planetary carrier member is fixedly secured to said driven

-shaft; said driven shaft being mounted solely for rotation; and

wherein said pair of concentric gear members are mounted for

* radial displacement relative to said driven shaft.

45
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. a generally horizontal drive shaft rotatably supported insaid =
enclosure means and having said propeller secured to one -

~end thereof -externally. of said enclosure means and'

- rotatable therewith;
planetary gear means in said enclosure means couphng said

first gedr o said drive shaft to said driven shaft for effect- .

: mg a hlgh-rauo reductron of speed from said drive shaft to

70

7. The drive mechanism defined in claim 1, wherein said
driven shaft is mounted solely for rotation; wherein said plane-
tary carrier member and said driven shaft include means for
floatingly mounting said planetary carrier to said driven shaft
for radial- displacement relative to said driven shaft; and
wherein one of said concentric gear members includes means
for floatingly mounting same for radial displacement relative

‘to said driven shaft.-

8. The drive mechamsm defined in claim 1, wherein said
planetary gear means includes a second gear in meshing en-
gagement with said first gear, said second gear having first
coupling means thereon; one of said concentric gear members
having an elongated neck extending axially therefrom, the free
end of said neck having second’ coupling means thereon
dnvmgly engageable with said first coupling means, said driv-
ing engagement providing a pivotal mountmg for said one of
said concentric gear members to.permit a radial displacement
thereof relative to said driven shaft:

9. The drive mechanism defined in claim 1, including .
resilient mounting means for ﬂoatmgly mounting said one of
said concentric gear members to said enclosure means to per- -
mit a radial displacement-of said one of said concentric gear
members relative to said driven shaft. *

10. The drive mechamsm defined in claim 5, wherein said

: bearmg support means includes means capable of frictionally

resisting radial movement of said beanngs and wherein the
magnitude of said frictional resistance is a function of said
axial thrust of said propeller to control said radial displace-

~ ment of said driven shaft.
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