PCT/ AU95/ 00624 CONTRA- ROTATI NG ROTOR UNI'T
Field of the Invention TH S | NMVENEL-ON—telat- marily to a tzye of unit
havi ng an ¥Q86M19%4 pr ovi di ng cq tTHaBSHEBT HA@ BEEd>b=X| al r ot RGI/AU9S(00624
nore specifically concerned wtH|the RHHUMMEktlon of a contra-rotating
propel l er assenbly for a mari ne ‘pFof mrt. _Tthe term"propeller", as
used in this specification is to be understood as covering a propeller.
havi ng bl ades, such as a marine propeller, and also an inpeller having

radi al'l y-projecting vanes rather than bl ades, which is also encountered in
different types of marine propuIS|on_systenE for exanple jet boat
propul si on systens. State of the Art

Field of the Invention

THIS INVENTION relates primarily to a type of unit having an. assembly providing
contra-rotating, coaxial rotors. It is especially suited, élthough not exclusively so, to
5 facilitating the construction of a 'cont'ra-rotating propeller assembly for a marine
propulsion unit. ~ Non-marine uses' for the assembly are also possible, such as in the
fields of commercial or p.arivate aviation and in the construction of liquid-pump;inb
units. The term "propeﬂer", as used in this specification is to be u'nde'rstood. as
covering a propeller having blades, such as a mariﬁe_ propeller, and also an impellsr
10 havling radially-projecting vanes father than blades, which is also encountered in
~ different types of'inarine propulsi_on systems, for example jet boat propulsion

systems.
State of the Art

15 Proposals have been made for driving two contra-rotating propellers- of a marine
installation from a éingle_ drive s_haft. For example, United States Patent Specification
No. 4,540,369 (Caires) describes one such 'proposal for use witlh an outboard motor,
and Canadian Patent No. 2,001,357 (Couture) describes 'another proposal. Although
both proposals enable- two propellers to be driven respectively in opposite directions

20 froh a single shatt, they have draw-backs which militate against their use

commercially.
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Proposal s have been nade for driving two contra-rotating propellers of a

marine installation froma-single drive shaft. For exanple

Uni ted States

Patent SpeWPPPRMSAon No. 4,540, 396 (Caires) describes one RGHAUBYOIEI o
~ for use with an outboard notor, ..and: Capadi an, Pat ent No. 2, 001, 357
(Couture) describes anot her 'proposal" Al-t hough both proposal S enable two

propellers to be driven respectlvely |a opp05|te directions

froma single
comercially.

shaft, they avsadraw-backs i ch qaln st their use
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static planetary gears between iwo

ires RSPSER 0@9 ves Iocatmg a set

PCT/ A5/ 0060%%osed annular gears one of which is driven directly by a drive shaft in one direction,

and the other of which is driven in the opposite direction indire~ - from the drive
shaft by way of the planetary gears. Exhaust gasses produced by outboard motor
are fed through an annular tunnel which contains the static planetary g2ars and extends

through the hubs of the propeller_s. The gases then discharge into the wake of the vessel

~ astern of the propellers.

10

Caires partially overcomes the loss of efficiency of the assembly caused by discharging
exhaust gases into the path of the propelier blades. However this is achieved at the
price of alloWing -water and gas to flow thr'o_ugh the meshing teeth of the planetary

gears. The risk of water-borne, solid particles washing into the meshing zones of the

planetary gears is considerable, as is the likelihood of heavy wear of the gears as there

is no way of lubricating them. - Thus Caires does not provide a commercially viable

_arrangement for driving two propellers from a common shaft in an efficient manner.

Couture seeks to overcome the'lubricati_on problem by creating an annular closed |
chamber between contra-rotating hub-portions of two sets of probeller blades and
stuffing the chamber with grease to keep the water out. Opposed, spaced bevel gears
are formed respectively on the two propeller h_ubs and rhe_sh with a ring of crown gears
in the chamber.  The crown gears fotate about axes Wh_ich are radial with respect 1o
thg drive shaft, so that the rotation of oﬁe propeller is transmitted through the crown

gears to rotate the other propeller in the opposite direction at the same speed.

The Couture _proposél has a number of disadvantages which adversely affect the
efficiency of the assembly. For example, the spacing between two contra-rotating

propellers is critical and Couture does not allow any arrangement for changing this



2 The Caires proposal involves locating a set of static planetary gears

bet ween t WGy posed annul ar gears one of which is driven directly by a

drive shaf (" PRSWREYdi rect { on, - CIRAQHREN Pf which i SSOUAYEPOH he
LACEDS.

a
opposite direction indire[err] fFHlﬁg' shaft by way of the
pl anetary gears. Exhaust gasseg| produ y et'board notor 5 are fed
t hrough an annul ar tunnel which cont ai ng the static planetary gears and
ext ends t hrough the hubs of the propellers."” The gases then discharge
i nto the wakespating fire avghameihstallation as emiaveobptiniuen pffidieRty. €rEhis can only Heafoluss
partially overconmes the |loss of efficiency of the assenbly caused by
di schargi ng empirieailjausindgadcit seams immdician nthef Coutarepaupegdmentplicrdtre. two
However this is a}chi eved at the 10 price of allowi ng water and gas to flow
t hrough the rRSSREISES t1RePfh $ited: NerypIcioset i ypne a"OtQ@far“g'!'ChTH% g j vsiey ohefficient

ter-b , | i t Lel ' I nto. the hi r f the .
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t ' ' ' | g hus, ' d t
rovi do a coresss; ppsird Auifelual of Ha'ouidhe Wk B Ther iFeksTin e s PR KR <
froma comoryrelgivith tife 6¥ s3hwatdrdterfiG Mihamber and damaging the gears.

For a contra-rotating propeller assembly to be commercially accepiable. due regard
must be paid to a number of different features which affect its efficiency. Firstly, the
axial spacing of the two sets of propeller blades can be a critical feature which can only
10 be determined by mode! testing. - ,Seconaly. the thr‘us_t qf the two propellers,
particularly when the_ vessel is going astern, must be acceptable and this can be varied
by designing the propelle_rs_' to operate at different re_lative rotational speeds. Thirdly,
the gearing is preferably so arrénged that there is no risk of sea water contaminating
the gears. Fourthly, the bending mbmem produced on a drive shaft by the weight of the

15 p‘ropelle'rs is preferably kept as low as possible.
Object of the invention
An object of this invention is to provide an improved cpntra-rotating rotor assembly.
The Invention
In accordance with the present invention_, a unit comprises two, axially-aligned and
20 co'-ntra-rot_ating. rotors ong of which is attached to a drive shaft and drives the other

rotor through a positionally-held pianetary gear mounted on a static support sleeve

through which the drive shaft passes and which extends axially through one of
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seeks to overcone the lubrication problemby creating an
ed chanber betvveen contra rotating hub-portions of two

f crown gears in the
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el l er hubs and

e chanber wi t hpgrapsooesy keep
‘are formed respectively on

e crown gears rotate about axes which are radial with respect

drive shaft so that the r0¢at|on of one propeller is
to ro}ate the ot her Eropeller

h
i RUTe: R PR cea B b rotatanal 2 eionginp e
AR #%‘%ge§?%5§'%§3fv§gﬁf§k o35 Bk Breversing; rierbeiwsen Hert,
8n§ "delrlgC %ka@ﬂqn@é’t A &1-fRQScyRRlrical | QXYbQQ%r%%@& QFITRAL thE Cdrive
gﬂaft and ex¥dHdigNBakiBllyoeBheedtné et Ahdrasd 881d §ba§§ fHemy gpdtpdt | mum

This can only be found enplrlcally ‘tnd eed it seens inplicit

re arrangenent, for the two-

Preferred features of the Invention

Preferably the gear box has three, coaxial cylindrical sections of which the outer two

sections are respeciively formed by annular hubs of two contra-rotating rotors, and

in

the-thaflas a

he

the intermediate cylindrical section supports a set bf 'axially-p'arallel planetary gears -

“which ate ciréumfer'e‘hiially" edui¥spaceq around the axis of the shaft. - Each planetary

10

gear is provided at its opposite ends with respective pinions which mesh with geared
surfaces of the two hubs. The three cylindrical sections are preferably spaced by
seals which allow the outer ‘two sections to rotate in opposite directions with respect o

one another while preventing water from entering the gear box.

The design of the assembly of the invention is particularly well-suited to a marine
propulsion unit as it is of robust construction and enables the intermediate cylindrical

section of the gearbox to serve one or more of the following four functions: It enables a

"bearing for supporting one of the outer cylindrical sections to be mounted on an

axially-extending portion of the intermediate section which can aiso carry the weight
of one of the propellers. Secondly, it enables radial, fluid-straightening blades to be

mounted between contra-rotating marine propeliers and this can be useful to enhance

“the efficiency of operation of the assembly. Thirdly, if used in an outboard motor, it

" enables a gas exhaust passage to be formed through the intermediate section and the

straightening blades, to convey exhaust gases from the outboard motor radially
outwards to a positi'on beyond the swept cylin'drical volume of the'propellers. This
/.
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propellers to be sited very close to one another which is a very
inefficient_ arrangenent. Secondly, Couture does not provide_an

ar r angenent “f(b?"or?ﬁg‘nt ai ni ig* the grease pressure:above that Mﬁ%’sﬂﬂﬂzéi de
water so that there is always a risk, which grows with tinme, of sea water
entering the chanber and damagi ng the gears.. For a contra-rotating
propeller assenbly to be comercially aciept abl e, due regard nust be paid
to a nunmber of different featiures which affect its efficiency. Firstly, the

axi al spaci ng apdidé e YD of HeSexpausir sHchUbBles WpaRiAg R BIfBRNSy 6f bpérafidn bEeUr €
which can only be determ ned by nodel testing. Secondly, the thrust of the

two propel | er assenly.t i Eodréty, yoywhreangingethe exes lof e pdiviigabpiasstary geats pamliel
acceptable and this can be varied by designing the propellers to operate
at different nelhatiolthe dithshainahe sgaicldsgth Dhithedplppetatyhgeageaan bg chesen to suit
preferably so arranged that there is no risk of sea‘water contaninating

t he gears. Fodfa BRaging: briwermitierropglietsnt afst bepueathen be wade et stepped pianetay
wei ght of _the propellers is preferably kept as | ow as possi bl e. bj, ect
of the Invént iQSE'S '%H'"@tﬂ'féf‘é?""éjfs"@ﬁi%"'?'Pﬁ/%’rﬂﬂpeﬂtei aNds;sg mferomonﬂﬁpse%dof
contra-rotati na fof Q" o85SI ah ndvd'a ML dior IRsH 1:1. .

The intermediate cylindrical section of the gearbox may also be used to support a
cylindrical coaxially-arranged shroud around the outside of the volume swept by the
rotating propellers. . This shroud may be attached to the ends of the straightening

10 vanes.
Introduction to the Drawings

The invention will now be described in more detail, by way of example, with reference

to accompanying partly diagrammatic drawings, in which:
In the Drawings

15 FIGURE 1 is an artistic representation of the under-water stern portion end of a

hull of a vessel to which a contra-rotating propeller assembly is fitted;

FIGURE 2 is an exploded and partly-diagrammatic perspective view, partially cut
“away, of an assembly similar to that shown in figure 1 but modified for use as
part of an outboard motor and, for convenience the same reference numerals as

20 - used in figure 1 have been used in figures 2 and 3 to denote like parts; and

<



The Invention |In accordance with the present invention, a marine

propul sion unit conprises two, axially-aligned and contra-rotating rotors
one of whwo6r99s4i gi dly attached to a drive shaft and dri PET/AURE0GS2her
rotor though a positionally-held planetary gear which is nounted on a
static support sleeve through which the drive shaft passes and which is
posi tioned between the two rotors while extending axially through one of

them the planetary gear being formeddwith a shaft extending parallel to
the drive shaft

PCT/ AU95/ 00624 80K B4 Asfetigralside elqyalidn oidhe ATRepbM AT YR ¢ h respecti ve
gear pinions one of which meshes wth internal gearing on one of the
rotors, and the other of which neshes with external gearing on the other

rotor to trpasgd "§ rgyeﬁ@,me@rgmog%gﬁpn them . Preferred features of
the Invention erably the gear box has three :coaxi al cylindrical

sections of which the outer two

Figure 1 shows the stern portion 1 of a ship having a hull 2 through the after-end of
which extends a propeller shaft 3. A contra-rotating propeller assembly 4 is rigidly
5 attached to the after end of the hull 2 by a ring of bolts, such as that referenced 22 in

the modification of the assembly illustrated in figure2 and 3.

Figure 2 shows the 'parts-fr_om which the propeller assembly 4 is constructed. They
comprise a. gearbox 10 forrhed with fhree coaxial cylindrical séctions 12, 13, and 14.
The outer two sections 12 and 14 comprisé annular rotatable propeller hubs from
10 which respective sets of propeller blades 15 and 16 extend. The intermediate
cylindrical section 13 is stationary and is formed with a central sleeve pbrtion 19
which projects axially through- the hub 14 and is held against rotation by the ring of
bolts 22' connecting the section 13 either to the hull 2 in the arrangement shown in
figure 1, or to fhe su_:bmerged tail-portion of an outboard motor in the afrangement

15 shown in figurés 2 and 3.

A set of flow straightening vanes 18 project radially outwards from the section 13
between ‘the blades 15, 16 of ‘the propellers, and sqpports- a cylindrical shroud 17
which is coaxial with thé gearbox, and is arranged radially outwards of the propeller
blades 15 and 16. A gas exhaﬁst passage 28 extends internally Iéngthwise of each
20 blade and opens through the outside of the shroud 17, as is shown in figure 3, by way of
a' tear-drop shaped =depressi'o'n 29 which is shaped- so that water ﬂowirig past i,
generates a suction_'effect'to facilitate the discharge of gas from th.e'passage 28 when

the shroud is travelling through the water . The passage 28 extends radially inwards



sections are respectively forned 'by,anhul ar hubs of two contra-rotating

rotors, an _internedi ate cylindrical section supports
axially- pa(rkolPltgglﬁ’%f anetary gears which are circunferential ?@é@éﬂgf@ﬁ%{‘ced

around the axis of the shaft. The three <cylindrical sections are
preferably spaced by seals which allow the outer two sections to rotate in
opposite directions with respect to one_another while preventing water
fromentering a gear box fornmed within fhe centre’section and which may

contain a | Ykougnie inféHdr Bxtiey Maérmaamkd S6btioh S1305R meabMauprfeH&ail@ﬂ:mau%me
rotor which is rigidly attached to the drive shaft. The desi gn of the

assenbly of tihe sicevepbiion tigstopconhe&Uifly b \gaseduet &gt sRvi)OthfougRIwhich exhaust

propul sion unit as it is of robust construction and enabl es the

i nt er medi at e gages fromiandhternab combustion engive (pisor had shown)sare dischargedr Antaperast

the followng four functions: It enables a bearing:for supporting one of
the outer cyl"PHRirbeasing K3cisi earded obpdhenparicad! HWithin thaxgearpax Q. tonedrry, the

portion of the .internedi ate ction which can also carry the weight of one
of the pr%pelweé?’g.°?§@c%'ﬂa?'k‘7,' hyiy 14 a5g s Slades; al, fluid-straightening bl ades

to be nounted between contra-rotating marine propellers and this can be
useful ‘to enhance the efficiency of operation of the assenbly. Thirdly, if

used in an outaogrddelidtt Ure tuined in opposite directions by drive provided by a shaft 25
driven by the engine and extending axially through the 'cen_tre of the intermediate
section 13 of the gearbox. The after-end of the shaft 25 projects beyond the
intermediate section 13, and is splined at 26 to the interior of an annular drive gear

10 30. The hub 12, which surrounds the gear 30, is provided with a conical shell 37 for
the assembly, and is attached rigidly by bolts 31 to one end of the drive gear 30. A
rubber annular pressure seal 32 is located between the hub 12 and the intermediate
section 13 to prevent sea water entering the gearbox while allowing rotation of the hub
12. A second annular seal 34 is located between the intermediate section 13 and the

15 other propeller hub 14. A third annulér seal 35 is provided at the forward end of the

* = hub 14 to complete the sealing of the gearbox.

Drive from the shaft 25 is transmitted by thelgear 30 to a set of three, equi-angularly
spaced, static, stepped, planetary driving gears 40 of which only one is illustrated in
the drawings. Each gear 40 has a central shaft 41 passing through a lubricated, axial
2 bore 39 in the intermediate section 13 which thus serves as a static carrier for the
planetary gears. Two differently-sized pinions 42 and 43 are respectively provided
at opposite ends of the gear 40. The smaller pinion 42 meshes with the gear 30 andl
the larger pinion_ 43 meshes with an internal gear 44 provided in the hub 14. Such an
arrangement enables the two. propellers to rotate at different speeds, in opposite

25 directions._




enabl es a gas exhaust passage to be fornéd t hrough ‘the internedi ate section
and the straightening blades, to convey exhaust gases fromthe outboard '
not or r adWeI9699954ut war ds to a position beyond the swept cyPFHADP24,0| une , -

of the propellers. This WO 96/ 09954

PCT/ AU95/ 00624 5 avoi ds
the risk of the exhaust gas bubbles spoiling the efficiency of operation of
t he assenbly. Fourthly, by arranging the axes of the individual

pl anetary gears parall el to that of the drift shaft, the axial length
of the planetary gears can be chosen to8suit - the spacing between the

propel lers, and use can then be made of stepped pl anetary 5. gears having
differently sized pinions at opposite ends, so that the rotational speeds

of respef‘ht% pg%f%? W pﬁ%ﬂo\Pﬁﬁ’%@'tcE@é QIIQHEJ‘EF ptré"s%ﬂrelfr%m a duct (néhe

i nternmedi ate c rica sec 'on t he ear ox may .al so be used to support
a cyli nds’HoWﬂL opBANG AhtoYa dhARBEEY1 %Wtﬁ’él%rﬂém bheheOrtligi B8arity theas

vol une swept
shown in figure 3. The lJbrication oil fiows throug the bearing 23 and through.
channels 52 extending along the bores 39 to lubricate the shafts 41 of the planetary
5 gears 40. The oil then flows inwardly between the gear 30 and the section 13 to a
‘further lubrication channe! 53 which extends forwardly along the drive shaft 25 to

lubricate it also.
Operation of Pi'e_terred Embodiment
The above-described assembly operates as follows:

10 Drive to the propellers is provided by the shaft 25 which: rotates the gear 30. This
turns the planetary gears 41 by way of the pinions 42 which meéh with the gear 30,
and also the propelier 15 by way of the hub 12 which is bolted to the end of the gear
30.

The planetary gears 40 are individually rotated in'the opposite direction of rotation to
15 the shaft 25, and cause rotation of the propelier 16 in-the same direction as the gears
40 by the meshing: if the pinion 43 with the internal gear 44 of the hub 14. However,
the hub 14 rotates more slowly than the hub 12 as a result of the difference in the

diameters of the pinions 42 and 43.

" The blades 16 drive water through the interior of the shroud 17 and impart to it a

2 twisting motion which is straightened by the vanes 18 before the water encounters the

SUBSTITUTE SHEET (RULE 26)



rotating propellers. This shroud may beuattached to the ends of the
strai ght eni anes. I ntroduction+to the Draw ngs e
iEnventi on v&g I%’ﬁ%ﬁxbe described in nore detail, by way of exgﬁ{ffﬁg,w#?%

reference to acconpanying partly diagrammatic drawi ngs, in which:

In the Draw ngs 15 FIGURE 1 is an artistic representation of the
under-water stern portion end of a hul | of a vessel to which a
contra-rotating propeller assenbly is fi%ted; FIGURE 2 is an

expl oded and gardsl yosHIBODRERYEC MRAESPRALE SR ahigHér SRkl itRdd WheCblhides 16 and
away, of an assenbly simlar to that shown in figure 1 but nodified for use
as prapél thé water @ut biothe dearodfahe srdud fisr conveni ence the sane
ref erence nuneral s as 20 used in figure 1 have been used in figures
2 and 3 to denote |'ike parts; and o

Exhaust gas from the outboard motor engine pass through the axial portion of the duct

28 located in the projecting portion 19, and then through the radial portions of the

5 duct 28 to the outside of the shroud 17. The gas then dissipates in the stern wash of

the vessel without encountering the propellers.

Lubrication oil is circulated through the gearbox from the champer 51 and flows, as
already described, through the tapered roller bearing 23 which supports the weight of
the hub 14, through the bores 39 containing the shafts of the 'planetary gears 40, and
10 then back along the chénnél 53 extending aléng the drive shaft 25. The lubrication oil
is supplied at a pressure above that of the surrounding sea water, and is retained in the

gearbox by the seals 32,34 and 35.

It will be observed from figure 3 that the propeller shaft 25 is freed of the weight of.
the hl.'lb. 14, and the'length of the shaft 25 supported in the intermediate cylindrical
’ | 15 section 13, together with close proximity of the gear 30 and hub 12 to the section 13.
ensure that only a very small portion of a the drive shaft 25 is subjected to bending

movement when the propeller is in use.
Modification of the Invention
It is preferred to usé a symmetrically arranged set of planetary gears to transmit

20 drive between the two propeller blade hubs. However, there are circumstances when

- a single planetary gear will suffice.
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FI GURE 3 WO %/09984t i onal side el evation of the assenbly of PCEHAUISN0624 f
Description of Preferred Enbodi iEnt ' Figure 1 shows the stern portion
1 of a ship having a hull 2 through the after-end of whi ch extends a

propel l er shaft 3. A contra-rotating propeller assembly 4 is rigidly 5
attached to the after end of the hull1® by a ring of bolts, such as that

{gur o andABo. 1 is not gl s’ tnf b WaBthts" . B SAUCH K1 Wttt 'pleds, e,
assenbly 4 gfe éégfhsh Icgﬁ%esT B€Which mlezewl(@rrb@ﬁg@Eaﬁ@rm&%nagrmﬁe\@a;ne

thre_e coaxi secti ons e outer two
sections 12sg5uh Wil KO PaYuIre® B BXEMple WhentifR! RqiifePhlt Bie Brues foreduced by

~ the propellers shall be self-cancelling as is desired in some' torpedo drive units.



10 whi ch respective sets of propeller blades 15 and 16 extend. The

I nt ermedi at e cylindrical section BN s formed with a
tentral slgg\?é’"??@f‘tlon r o] %;EE&% ?é out;ﬁ”t‘ﬁ%s’?%ﬁ 14
and is held against rotation b ilng _of ,2 connecting the
section 13 either tc“m“umm“‘ l‘i e ‘arrangenent shown in figure 1,
or to the subnerged It out board notor in the arrangenent
15 shown in figures 2" and set of flow strai ghtening vanes 18
proj ect radi @ Am®ut wards fromthe section 13 bet ween the bl ades 15,
16 of the propellers, and supports a cylindrical shroud 17 which is
coaxi al withtthe geak humit, comptising twor, caxialig-alignidhahg contraveotdtingototbiseone of
propel | er bl ades 15 and 16. A gas exhaust passage 28 extends

i nternal |y |'whigh isvattached toaz idrive 3pafh|and cirivpsl ﬂ’@ﬁoeﬂ‘@r mtaoﬂgwgfhe pnsttnghalty of

the shroud 17, f Is shown in figure 3, by a tear-drop shaped
depr essi on 2BFIRIaoRtENS ggﬁa’ﬁ@ﬂ“%W Wa%’a\lﬁ'aﬁ'équlmvﬁdh@a%‘! which the d”"aéﬁé at es

202058 o5k B s by e 68 ARG S5

extends radi @ ktalidhd?alf extending paralis! to the shaft and meshing with gearing of the

rotors to transmit a reversing drive between them, and being located inside an oil-
filled cylindrical gearbox arranged around the drive shaft and extending coaxially
between the two rotors.

10 2. - A unit as claimed in claim 1, in which the gearbox has “three, coaxi.al.
cylindrical sections of which the outer two sections are respectively formed by
annular hubs of two contra-rotating rotors, and the intermediate cylindrical section
supports a set of planetary gears which are circumierentially equi-spaced around the
axis of the shaft and are axially parallel thereto, each planetary gear being provfded at

15 its opposite ends with respective pinions which mesh with geared surfaces of the two
hubs, th'e three cylindrical sections. being provided with seals which- allow the outer
two sections to rotate in opposite directions with respect to the intermediate section

while preventing water from entering the gearbox.

3. A unit as claimed in claim 2, in which the intermediate section has the
20 sleeve extending axially from one side and providing a support for a bearing which

supports the weight of one of the rotors.

4, A unit as claimed in claim 2 or claim 3, in which the intermediate sect‘gon

is provided with radially projection, flow-straightening vanes.
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the interi 3YO860%%e inter rredl ate section 13 and then axiall quéﬁ‘%@%“

t hr ough t he sl eeve portlon 19 to connect with a gas duct (not shown)
t hrough whi ch exhaust gases from an internal combustion engine (al so
not shown) are discharged. A tapered roller bearing 23 is carried by
the portion 19 within the gearbox 10, f!& carry the 5 weight of the
propel | er hubg 14 and A i bis2ggned in claim 4] m.ﬁdnp@.lel @&&s%?écwa?céomnse
opposite directions by drive provided by a shaft riven by t

engi ne. and . exhgind pepalidréldnd & ymdgibatt é}ﬁowabaﬂawfsmhmwtbemmmm and is
section 13 of the gearbox. The after-end of the shaft 25 projects beyond
t he i ntfeedea thet aiterends ohthé3anesid is splined at 26 to the interior of
an annul ar drive gear 10 30. The hub 12, which surrounds the gear 30, is
provided with a conical shell 37 for '° the assenbly, and is attached
rigidly by bolts 31 to one end of the drive gear 30. A rubber annul ar
pressure seal632 is IAOE%.'E a8 claimeg inclaifie4 i 1siaim 5a formingopark ok A faffing; qutboard

"ot at on ot CBOREn RS al Bxhud i vorinb fcf SBadiie oush She BBt b
the inter ”Ed' |ﬁ!teﬁn§oef§tg'sggno413anadnﬂrotugﬁ at least one of the vanes, the duct being arranged to

dischafge gas outside of the swept:volurrie of the propeller blades.

7. A unit as claimed in claim 6, in which the outer-end of the duct opens into a
tear-drop sh.aped depression which induces suction in the outer-end of the duct when

10 water is travelling past it.
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15 other propeller hub 14. A third annular seal 35 is provided at the
forward end oiyg §oos4 hub 14 to conplete the sealing of the gearbox.
Dri.ve fromthe sha?t 25 is transmtted by the gear 30 to a set PEW/AURS/O0524
equi -angul arly spaced, static, stepped, planetary driving gears 40 of
which only one is illustrated in the draw ngs. Each gear 40 has a
central shaft 41 passing through a Iubricagég, axial 20 bore 39 in the

i ntermedi ate section 13 which thus serves a static carrier for the

pl anetary gears. Two differently-sized pinions 42 and 43 are respectively

provi ded at opposite ends of the gear 40. The smaller pinion 42
nmeshes with-the gear 30 and the larger pinion 43 neshes with an
internal gear 44 provided in the hub 14. Such an arrangenent enabl es

the two propellers to rotate at different speeds. in opposite 25
directions. WD 96/ 09954 :
PCT/ AU95/ 00624
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8 The 'longfsuppIied with lubrication oi “ﬁ&mhmMpressure

f uct (not shown) opening into a chanber at the forward-erd
of the roller bearing 23, as shown in figure 3. The lubrication oi
fl ows through the bearing 23 and through channel s 52 extendi ng al ong

t he Q9§G§m394t0 | ubricate the shafts 41 of the planetary 5 gears 40.
The o1 hen flows inwardly between the gear 30 and the section 13 to a
further lubrication channel 53 whixg® extends forwardly along the drive
shaft 25 to | ubricate i{ also. Qperation of Preferred

Enbodi ment The above-descri bed assenbly operates as foll ows: 10

Drive to the propel |l ers—s ey ded by the shaft 25 which rotates the gear
30. This t ur ge~T arcy\ ears 41 by way of the pinions 42 which

mesh with the il aNs @2t he propel ler 15 by way of the hub 12



30. The planetary gears 40 are individually rotated in the opposite
direction of rotation to 15 the shaft 25, and cause rotation of the

propel | er 1WQ96/099fd same direction as the gears 40 by PFRAUSRWRGg | f
the pinion 43 with the internal gear 44 of the hub 14. However, t he
hub 14 rotates nore slowy than the hub 12 as a result of the difference in
t he di aneters of the pinions 42 and 43. The bl ades 16 drive

wat er through the interior of the shroud3¥P and inmpart to it a 20
tw sting notion which is straightened by the vanes 18 before the water
encounters the ' SUBSTI TUTE SHEET (RULE 26)
WD 96/ 09954 :

PCT/ AU95/ 00624
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set of propeller blades 15. These rotatle at a hi gher speggﬂlvegnt Ueﬂlmﬁ‘iqugﬁ

16 and propel the water out of the rear of the shroud

Exhaust gas fromthe outboard notor engi ne pass through the axial portion
of the duct 28 located in the projecting portion 19, and then through
the radial portions of the 5 duct 28 to the outside of the shroud 17. The
gas then dissipates in the stern wash of the vessel wthout
encountering the propellers. Lubrication oil is circulated through

t he gearbox fromthe chanber 51 and fl ows, as - already descri bed,
through the tapered roller bearing 23 which supports the wei ght of t he

hub 14, through the bores 39 containing the shafts of the planetary gears
40, and 10 then back al ong th%ﬁm%ﬂﬁm&ﬂg al ong the drive shaft
25. ‘The lubrication oil IS supplred at a pressure above that of the

surroundi ng sea water, and is retained in the gearbox by the seals
32,34 and 35: It will be observed fromfigure 3 that the propeller
shaft 25 is f it ofthd INGemBoroht of the hub 14, and the length of the

shaft 25 supported in the intermediate cylindrical

THIS INVENTION relates primarily to a type of unit having an assembly providing
contra-rotating , coa_xial rotors. It is more specifically concerned with the
construction of a contra-rotating propeller assembly for é marine propulsion unit.
The term "propeller”, as used in this specification is to be understood as covering a
propeller. having blades, such as a marine propeller, and also an impeller having
radially-projecting vanes rather than blades, which is also encountered in different

types of marine propu]sion systems, for example jet boat propulsion systems.
State of the Art

Proposals have been made for dris)ing two coritra-rotating propellers of a marine
installatiori from a singlé drive shaft. For example, United States Patent Specification
No. 4,540,396 (Caires) describes one such pfbposal for use with an outboard motor,
and Canadian Patent No. 2,001,357 (Couture) describes another proposal. Although
both proposals enable two propellers to be driven respectively in opposite directions
from a single shaft, they have draw-backs which militate against their use

commercially.
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i5 section 13, togeth i th cl I3m
, gether w cl ose proxigmty of the gear 8 ?]dl ﬁe $| lZG 1995,

t he section 13, ~ensure that only a very small portlon 0
shaft 25 is subjected to bending novenent when the propeller is in

se: _ Modi fication of the Invention It is preferred to use a .
symmetrically arranged set of planetary gears to transmt 20 drive

between the two propeller bl ade hubs. However, t
a single pl ané?aé’ﬁ}g ig@:9iven !‘Ftaﬂ‘l‘}f% tocachieve °pt"W5“ ‘%%!?gfrﬂfeﬂ(‘:'js %:Hrgﬁl'g’%ncf%ﬁngmen
PCT/ AU95/ 00624

i s not essent FEWPIrcgly.; hé"‘hﬁg 'ﬁrﬁf’ﬁg\sl implicip jn she fquburs AT ar}ﬂe]u}egtit, en(frALsh;eg'éw ;st
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: Spee e required, for
required that aFrQﬁgetrﬁEng.ue%éHnggyéﬁﬁum’ does not provide any arrangement for maintaining

the grease pressure above that of the outside water so that there is always a risk,

which grows with time, of sea water entering the charhber and damaging the gears.

For a contra-rotating propeller assembly to b_e commercially acceptable, due regard
must be paid to a number of different features which affect its efficiency. Firstly, the
axial spacing of the two sets of propeller blades can be a critical feature which can
o_nly be determined by model testing. Secondly, the thrust pf the two propellers,
particularly when the vessel is going a'stern, must be acceptable and thié can be varied
by designing the propellers to operate at different relative rotational speeds. Thirdly,
the gearing is preferably so arranged that there is no risk of sea water contaminating
the Qears. Fourthly, the bending moment produced on a drive shaft by the weight of

the propellers is breferably kept as low as possible.

Object of the Invention
An object of this invention is to provide an improved contra-rotating rotor assembly

for marine use.

The Invention

In accordance with the present invention, a marine propulsion unit comprises two,
axially-aligned and contra-rotating rotors one of which is rigidly attached to a drive
shaft and drives the othér rotor though a positidnally-held planetary gear which is
mounted on a static support sleeve through which the drive shaft passes and which is
positioned between the two rotors while extending axially through one of them; the

planetary gear being formed with a shaft extehding parallel to the drive shaft and

 REPLAGEMF™T SHFFT
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Lmat g.ropel | ers shall be self-cancelling4as.is desired in mEtW’EDBdﬂ girAm;l 1396

FgCT/ AU95/.00624 CLAIMS 1. A marine propul sion unit conprising
t'wo, - axi al ly-al i gned and contra- rotating rotors one of which is rigidly
attached to a drive shaft and drives the other rotor t hrough a

It I'ly-hel . i
e T B i A B A B M
e tTwo .
(e 110, 1% ey PR B115 kol O o kA i

formed at its Qtﬁ)r%séﬁ ﬁ\ee&ﬁer roffeh 't%&niﬁ‘atrgvérﬁﬁ*’ﬁmé beétwe&the. Ni ONS one Of
whi ch neshes th Internal gearing on one of the rotors, and the other of

whi ch meshes with external gearing on the other rotor to transmt a
reversing drive between them 2. A unit as clained in claim1,
provi ded wi t h Préfesred featuresibf the invehtional '

Preferably the gear box has three, coaxial cylindrical sections of which the outer two
sections are respectively formed by annular hubs of two contra-rotating rotors, and
the intermediate cylindrical section supports a set of axially-parallel planetary gears
which are circumferentially equi-spaced around the axis of the shaft. The three
cylindrical sections are preferably spaced by seals which allow the outer two sections
. to rotate in opposnte directions with respect to one another while preventing water
from entering a gear box formed within the centre section and which may contain a
lubricant. The external gearing, is preferably provided on the rotor which is rigidly

attached to the drive shaft. -

“The design of the assembly of the invention is particularly well-suited to a marine
propulsion unit as it is of robust construction and enables the intermediate cylindrical
section of the gearbox to serve one or more of the following four functions: It enables a
bearing for supporting one of the outer cylindrical sections to be mounted on an
axially-extending portion of_ tﬁe intermediate section which can also carry the weight
‘of one of the propellers. Secondly, it enables radial, fluid-straightening blades to be
mounted between contra-rotating marine propellers and this can be useful to enhance
the efficiency of operation of the assembly. Thirdly, if used in an outboard motor, it
enables a gas exhaust passage to.be- formed through the intermédiate section and the
straightening blades, to convey exhaust gases from the outboard motor radially

outwards to a position beyond the swept cylindrical volume of the propellers. This
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sections of which the outer two section$ are reépectivel 4 by SAuG 3396
hubs of two contra-rotating rotors, and the internedi af'BeE((tzgilivEdrical

section is constructed as a cylindrical gearbox arranged ce-axtattyaround

f‘he drive shaft; the gear conprising a set of planetar e ' re
circunferentially equi-spaced around the axis of the “ ﬂm mﬂl ally
paral lel thereto, ‘the three cylindrical sections beingt s seal s

which allow the outer two sections to rotate in opposite directions with
respect to theAMRernedi ate section while preventing water from entering

S0 bl e i
claim 2, . i ' i ! i o
In ;%légjhé Q)ﬁaknén%r %ﬁgﬁ@f %eﬁ&% 'a%clgéﬂﬂ Qﬁﬁvf‘mﬁ‘? 3RY QFiveLiHebthbN g

t he pl anet ar has xtendli ng axi a romone side and

provi di N9 2 SHRBPE o%a ﬁogﬁé’,faig?ﬁglgmlé?ﬁta?y RBAY Which [Rem¥&@ited on Gf stafie s@pporh e

rotors. . . .t as cl in cla!m2 or ctaim3, in which the
i ntermedi at e gegqld MoughSwitérPieitiVe\Whhft padstisaint WhithGis @esitiomed between the two

fl ow strai ghteni ng vanes. :
rotors while extending axially through one of them; the planetary gear being formed
with a shaft extending parallel to the drive shaft and formed at its opposite end-
portions with respective gear pinions one of which meshes with internal gearing on
one of the rotors, and thé othér of which meshes with external gearing on the other
rotor to transmit a reversing drive between them. |
2. . A unit as claimed in claim 1, provided with three, coaxi.a'l cylindrical
sections of which the outer two sections are respectively forrﬁed by annular hubs of
two contra-rotating rotors, and the intermediate cylindrical section is constructed as a
cylindrical gearbox arranged co-axially around the drive shaft; the gear comprising a
set of planetary gears which are circumferentially equi-spaced around the axis of the
shaft and are axially parallel thereto, the three cylindrical sections being provided
with seals which allow the outer two sections to rotate in opposite directions with
respect to the intermediate section while preventing water from entering the gearbox;
and the rotor, which is rigidly attached to the drive shaft, is provided with said
external gearing.
3. A unit as claimed in claim 2, in which the intermediate section provides a
chamber containing the planetary gear and has the sleeve extending axially from one
side and providing a support for a bearing which supports the weight of one of the
rotors.
4, A unit as claimed in clain_j{_;;_z or claim 3? in_whigh the i?;e(rpediate section

is provided with radially projection, fléw-g}aigﬁtehing v;nes

B
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(54) Titlee CONTRA-ROTATING ROTOR UNIT
(57) Abstract

A marine propulsion unit has two contra-rotating propellers
(15, 16) driven by a single shaft (25) through gearing which
includes a set of static planetary gears (40), an external gear (30),
and an internal gear (44). The gearing is mounted in an oil-filled
gear box having three, co-axial cylindrical sections (12, 13, 14).
The outer two sections (12, 14) rotate in opposite directions and
provide respective propeller hubs. The intermediate section (13) is
stationary and serves as a carrier for the planetary gears (40) and a
mount for flow-straightening vanes (18) which support a cylindrical
shroud (17). An angular passage (28) may be provided in the
intermediate section (13) to exhaust combustion gases through.
openings in the outside of the shroud (17) when the unit forms
part of an outboard motor.
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