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cated at a place where they are very vulnerable to damages and punctures. *
The present invention relates to an elastically       Norwegian patent No-
B-135,462 and BRD Of- supported propeller installation orthruster for pro-
fenlegungsschrift  DE-A-2,803,336  discloses pulsion and/or steering of
ships. More particularly   5    thrusters of the above type as described in
the pre- itrelatestoathrusterofthetypeinwhicha propel-
characterising part of claim 1, but in which the ler is operating in an
open tunnel through the hull  annulus between the tubular tunnels is filled
with of the ship. Thrusters can be the source of a con-   a sound-absorbing
material that eliminates the siderable noise and vibration level in a ship.
Force  need for a separate seal member to isolate the an- pulses of a
mechanical origin (bearings, gears and   10   nulus from the sea. None of
the above publications other transmission components) or of a hydrody-
suggest any specific example of a such absorbing namic origin
(inhomogeneous flow to propeller,       material. However, it is evident
that if the material cavitationetc.) occurin thrustersandtunneltubes.    is
to be capable of displacing the seawater in the These force pulses produce
vibrations in the thruster  annulus it must consist of a material having
closed and tunnel structures, and if the latter components  15   cells or
pores, such as a rigid plastic foam or the are rigidly connected to the
hull the vibrations will  like, since a soft plastic foam, i.e. a plastic
foam propagate through the hull structure and radiate in  with open pores,
will absorb the water to a consi- the form of acoustic noise in the
interior fitting up  derable degree ratherthan displacing it, thus elimi-
of the ship.                                         nating the
sound-dampening effect. This will also These structurally transplanted
vibrations may   20   bethe case if another type of softsound-insulating
cause high intensity noise over a wide frequency     material is used such
as mats of mineral wool or the range. Typical noise levels in rooms
adjacent to a   like. conventional thruster installation are 80-90 dB
The problem is, however, that also the use of (A).
rigid plastic foam or the like as a noise-absorbing, If the design of the
ship is such that people have   25   water-displacing material in the
annulus fails to to stay in this area, such noise levels will represent
provide the desirable effect. This is because a such an unacceptable
environmental strain on these        material, by virtue of being rigid,
essentially elimi- people.
nates the elasticity of the connection between the 30 tubular tunnels, so
that a large amount of the noise 30   and vibrations generated by the
thruster drive are a propeller thruster installation which is construct-
transmitted to the hull structure. In practice, there- ed in a manner to
reduce as far as possible the      fore, the solutions proposed in the two
above vibrations transmitted from the propeller unit and   mentioned
publications are of little value. tunnel to the hull of the ship, to keep
the noise in   Thethruster installation accordingtothe present adjacent
rooms at an acceptable level, while   35   invention incorporates the main
features of the paying due attention to simplicity of installation   above
described prior constructions, i.e. a propel- and security of the ship.
ler unit rigidly supported in an inner tunnel tube A considerable noise and
vibration dampening       which is elastically supported in a coaxially
dis- can be achieved by rigidly connecting the propel-    posed, outer
tunnel tube which in turn is rigidly ler unit with an inner tubular tunnel
disposed   40   secured to the hull structure of the ship, with an
coaxially within an outer tubular tunnel and se-     annulus between the
innerand outertunnel tubes. cured to the latter by means of an elastic
connec-     The new and specific aspect of the present in- tion or
isolator. This is a wellknown method for     vention is set out in the
characterising portion of isolating machine vibrations from the surround-
claim 1. ings. By adjusting the elastic properties of the iso-   45  The
cavities-forming means, which for example lator according to known rules a
considerable        may be separate cushions filled with air and having
amount of the oscillation energy exited in the       walls of an elastic
material, or simply air bubbles thruster and the inner tunnel is prevented
from      formed by continuously injecting air into the annu- spreading
through the hull structure. However,       lus, will not have any
stiffening effect on the elastic this measure by itself is not sufficient
to secure   50   connection between the tunnel tubes while sub- acceptable
noise conditions in adjacent rooms.       stantially providing the desired
noise-dampening. For additional noise-dampening it has been pro-     In
fact, tests performed at the Norwegian Hydro- posed to seal off the annulus
between the inner      dynamicLaboratoriesTrondheimhaveprovedthat
elastically mounted tubular tunnel and the outer,    a mixture of air and
water in the annulus between rigidly mounted tubular tunnel against the
sea, to   55   the tunnel tubes provides a significant noise- confine a
noise-dampening air volume in the an-      dampening. Already at 10% air
and the remaining nulus.
volume of the annulus filled with water, the damp- The dampening effect
resulting from a such         ening, for large parts of the noise and
vibration construction may reduce the noise level in adja-     spectrum,
will be at the same order as if the annu- cent rooms by the order of 15 dB
(A).          60   lus were completely filled with air, i.e. sealed
However, a significant disadvantage in connec-     against the sea. tion
with this construction is that the seal required  The invention will be
described in further details between thetubulartunnelsfor insulatingthecon-
below with reference to the drawings in which fined air volume, apart from
necessarily being       fig. 1 is an elevational view, partly in section,
of a large, complex and therefore expensive, are lo-   65   laterally
mounted thruster installation constructed 2  



0140897                       4 in accordance with an embodiment of the
inven-        In the shown example these gas cushions 12 tion,fig. 2 is a
sectional view along the line ll- ll in  have a cylindrical shape with thin
walls of an elas- fig. 1, fig. 3 is an elevational view similar to fig. 1
tomer material. Preferably they are filled with air, but showing another
embodiment of the inven-        but if desirable also a different gas may
be used. tion, and fig. 4 is a sectional view along the line   5  The inner
tube tunnel 2, around its periphery in IV-IV in fig. 3.
the opening at the ship's side, is provided with an With reference to the
drawings 1 is a conven-     angularly outwardly extending edge portion 13
tional thruster propeller unit arranged with its pro-  which, apart from
securing a low turbulence in the peller 1' substantially coaxially in an
inner tunnel  water flow through the tunnel and consequently a tube 2
extending laterally of the longitudinal axis  10   lower noise level, also
serves to retain the air cush- of the ship and rigidly supporting the
thruster unit  ions 12 in position in the annulus 7. However, the 1 by
means of radially extending arms 3 and a tu-   edge portion 13 terminates
with a sufficient spa- bular casing 4 surrounding the drive shaft 5 of the
cing from the outertunnel tube 6 to allowfree rela- propeller unit. The
inner tube 2 in its turn is     tive movements of the inner tube 2. One or
more coaxially elastically supported in an outer tunnel  15    hatches or
shutters (not shown) may be arranged tube 6 with a certain spacing between
the inner     in the edge portion 1 3 to allow refiling or replacing tube 2
and outer tube 6 to form an annulus 7 be-    of air cushions 12. tween the
tubes. The outer tube 6 is welded           Thus, the annulus 7 between the
tunnel tubes 2, around its openings to the hull structure of the ship  6 is
open at the ship's side to allow seawater freely at the ship's side 8.
Advantageously the outer tube   20   entering in between the air cushions
12 situated in 6 may also be welded to other hull structural mem-  the
annulus. The onlyseal that is required is around bers such as longitudinal
beams, floor timbers and  the opening 14 in the outer tunnel tube where the
tank top, in order to enhance the rigidity and       propeller unit drive
shaft 5 passes. In the example strenght of the hull and to improve the
capability of  shown this is effected by means of a strongly elas- the
outer tube to act as a base for the elastically  25   tic seal ring 15 of
generally U-shaped cross sec- supported oscillating masses.
tion, the respective side surface of the seal ring The design and
dimensions of the elastic con-     engaging aflange 16 aroundthe outer
opening 14 nection 9 between the innertube 2 and outer tube    and a flange
17 on a tubular extension 18 of the 6 is such as to provide the optimum
isolation of    shaft casing 4 extending through the opening 14 vibrations
originating from the oscillating system    30   in spaced relation to the
outer tube flange 16. (inner tunnel tube 2 with propeller unit 1 and con-
Preferably, if the propeller 1' is driven by an elec- nection means 3, 4)
which is supported in the       tric or hydraulic motor (not shown) the
drive mo- outer tube 6. The connection may comprise resi-     tor is
rigidly mounted to a flange which is rigidly lient members in the form of a
solid elastomer ma-  connected to the inner tunnel 2, for example the
terial ("rubber isolators"), and/or gas cushions of   35   flange 17 of the
shaft casing extension 18, opposi- an elastomer material ("pneumatic
isolators").      te the seal ring 15. The latter type of isolator is
particularly favourable  By adjusting the volumetric proportion of gas-
since it results in an effective dampening when     cavities, which in the
example shown are in the passing the resonant frequency in the start and
form of air cushions 12, relative to the volume of stop phase. A person
skilled in the art will have no   40   water in the annulus 7, a
substantially reduced difficulties in constructing a such supercritical
transmission of pressure pulses through the mix- elastic support.
Therefore, in the drawings this    ture of water and air cushions to the
outer tube 6 elastic connection is schematically illustrated me-  will
result during operation of the system. Even rely as an example in the form
of double spring     whentheproportionofaircushionsinthewateris elements
9', 9' acting against radially extending   45   as low as 10% by volume the
dampening over parts shoulders 10, 11 suitably circumferencially ar-     of
the frequency spectrum will be close to that ob- ranged on the inner tube 2
and outer tube 6         tained with the annulus 7 completely filled with
respectively.                                       air. By increasing the
volumetric proportion of air According to the invention the thruster
installa-  cushions beyond 10% a corresponding dampen- tion comprises means
acting to form a plurality of   50   ing will be obtained over an
increasing frequency separate, gas-filled cavities in the water filling the
range. annulus 7 during operation.                           An alternative
embodiment is illustrated in figs. In the example shown in fig. 1 and 2
these        3 and 4. Here gas bubbles 22 are introduced in the means are
in the form of a plurality of separate ele-  annulus 7 by pumping a gas as
air through orifices ments or "cushions" 12 each comprising a gas fil-  55
19 in the wall of the outer tunnel tube. By arrang- led cavity 12'. The
cushions 12 are distributed     ing a sufficient number of orifices
suitably located around the annulus 7 and displace some of the       at the
bottom of the tunnel tube, and by connec- water therein. These cushions
will be made from     ting these orifices via conduits 20 to an air pump an
elastic material, they will be thin-walled and   21, a curtain of bubbles
will be generated in the have a configuration involving the lowest possible
60   annulus. "natural" or shell rigidity. Thus, spherical cushions  A
continuous supply of air will be necessary in should be omitted.
order to compensate for the amount of air at any These gas cushions 12
possess resilient proper-   time escaping at the ends of the annulus 7.
ties close up to those of a gas bubble surrounded     However, only small
amounts of air are involved, by water.
65   suppliedatalowpressure(0.5-1 atm.overpressu- 
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re).Thustheenergyrequirementsforoperatingthe          sind, die teilweise
den Ring (7) mindestens wh- system are low.
rend des Betriebes der Triebwerksanlage fullen, An additional advantage
provided by this embo-      ohne den Ring von dem umgebenden Wasser ab-
diment is that the amount of air supplied is easily   zuaichten. controlled
during operation of the thruster installa-   5  2. Triebwerksanlage nach
Anspruch 1, dadurch tion, allowing an optimum air flow rate setting for
gekennzeichnet, daB die gasgefullten Hohlraume varying thruster operational
conditions.               (12', 22) mindestens 10% des Volumens des Rin-
ges (7) belegen. 3. Triebwerksanlage nach Anspruch 1 oder 2, Claims
,0   dadurch gekennzeichnet, dalfl die gasgefullten Hohlraume (12')
luftgefullte Kissen (12) sind, die 1. Elastically supported propeller
thruster in-     dunne Wande aus einem Elastomer-Material auf- stallation
for propulsion and/or steering of ships,    weisen. particularly thrusters
of the type in which a           4. Triebwerksanlage nach Anspruch 1 oder
2, propeller operates in an open tunnel through the   15   dadurch
gekennzeichnet, dal3 die gasgefullten hull of the ship, comprising a
propeller unit (1)      Hohlraume Luftblasen (22) sind, die von einem which
is rigidly supported in an inner tunnel tube     kontinuierlichen Luftstrom
gebildet werden, der (2) which is coaxially elastically supported in an
dem Ring (7) von einer Vielzahl von langs des Bo- outer tunnel tube (6)
which is rigidly secured to     dens des Su~eren Tunnelrohres (6)
verteilten Luft- the hull structure (8) of the ship, with an annulus   20
dusen (19) geliefert wird. (7) between the inner and outer tunnel tubes,
said annulus containing sound absorbing means, characterized by said sound
absorbing means be-        Revendications ,  ing in the form of separate,
gas filled cavities (12', 22) partly filling said annulus (7) at least
during   25  1. Installation de propulseur a helice, a support operation of
the thruster installation, without seal-  elastique, utilise pour
propulser/ou diriger des ba- ing the annulus from the surrounding water.
teaux, notamment des propulseurs du type dans 2. Thruster installation
according to claim 1.      lequel une helice tourne dans un conduit ouvert
characterized by said gas filled cavities (12', 22)   traversant la coque
du bateau, comportant une occupying at least 10% of the volume of the ann-
30   unite A helice (11) qui est supportee rigidement ulus. (7).
dans un tube de conduit interieur (2) qui est sup- 3. Thruster installation
according to claim 1 or    porte elastiquement, d'une maniere coaxiale,
dans 2, characterized by said gas filled cavities (12')    un tube de
conduit exterieur (6), qui estfix6 rigide- being air filled cushions (12)
having thin walls of   ment A la structure de la coque (8) du bateau, tan-
an elastomer material.                           35   dis qu'entre les
tubes de conduit int6rieur et exte- 4. Thruster installation according to
claim 1 or    rieur se trouve dispose un espace annulaire (7) 2,
characterized by said gas filled cavities being air  contenant des moyens
absorbant le son, caracte- bubbles (22) formed by a continuous air stream
ris en ce que lesdits moyens absorbant le son pos- supplied to the annulus
(7) from a plurality of air   sedent la forme de cavites s6par6es (12', 22)
rem- nozzles (19) distributed along the bottom of the   40   plies de gaz
qui remplissent partiellement ledit es- outer tunnel tube (6).
pace annulaire (7) au moins pendant le fonction- nement de l'installation
de propulseur, sans isoler I'espace annulaire de l'eau environnante.
Patentanspruche                                         2. Installation de
propulseur selon la revendica- p45    tion d caractzrisee en ce que
lesdites cavitus rem- 1. Elastisch aufgehangte Propeller-Triebwerks-
plies de gaz (11r2', 22) cccupent au moins 10% du anlage zum Antrieb
und/oder Steuern von Schif-        volume de l'espace annulaire (7). fen,
insbesondere Triebwerke der Art, bei der ein       3.
Installation-depropulseurselonlarevendica- Propeller in einem  offenen
Tunnel durch den          tion 1 ou 2. caract6ris6e en ce que lesdites
cavites Rumpf des Schiffes arbeitet, enthaltend eine Pro-   50   remplies
de gaz (12') sont des coussins remplis pellereinheit (1), die starr in
einem inneren Tun-    d'air(12)poss6dantdesparoismincesconstituees nelrohr
(2) gehaltert ist, das koaxial elastisch in   en un materiau elastomere.
einem auBeren Tunnelrohr (6) gehaltert ist, das         4.
Installationdepropulseurselonlarevendica- starr an der Rumpfstruktur (8)
des Schiffes befe-     tion 1 ou 2, caracteris6e en ce que lesdites cavites
stigt ist, mit einem Ring (7) zwischen dem inneren   55   remplies de gaz
sont des bulles d'air (22) form6es und dem augeren Tunnelrohr, der
gerauschabsor-        par un ecoulement d'air continu envoye a 'espace
bierende Mittel aufweist, dadurch gekennzeich-        annulaire (7) A
partir d'une pluralite de buses d'in- net, dal3 die
Gerauschabsorptionsmittel in der        jection d'air (19) reparties le
long du fond du tube Form getrennter, gasgefuillter Hohlrdume (12', 22)
de conduit ext6rieur (6). 60 65 4  
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energy requirements for operating the         sind, die teilweise den Ring
(7) mindestens wah- system are low.
rend des Betriebes der Triebwerksanlage fullen, An additional advantage
provided by this embo-     ohne den Ring von dem umgebenden Wasser ab-
diment is that the amount of air supplied is easily  zuacchten. controlled
during operation of the thruster installa-   5  2. Triebwerksanlage nach
Anspruch 1, dadurch tion, allowing an optimum air flow rate setting for
gekennzeichnet, dag die gasgefullten Hohlraume varying thruster operational
conditions.              (12', 22) mindestens 10% des Volumens des Rin- ges
(7) belegen. 3. Triebwerksanlage nach Anspruch 1 oder 2, Claims
10   dadurch gekennzeichnet, dal die gasgefullten HohIrdume (12')
luftgefullte Kissen (12) sind, die 1. Elastically supported propeller
thruster in-    dunne Wande aus einem Elastomer-Material auf- stallation
for propulsion and/or steering of ships,   weisen. particularly thrusters
of the type in which a           4. Triebwerksanlage nach Anspruch 1 oder
2, propeller operates in an open tunnel through the   15   dadurch
gekennzeichnet, daB die gasgefulIten hull of the ship, comprising a
propeller unit (1)     Hohlraume Luftblasen (22) sind, die von einem which
is rigidly supported in an inner tunnel tube    kontinuierlichen Luftstrom
gebildet werden, der (2) which is coaxially elastically supported in an
dem Ring (7) von einer Vielzahl von langs des Bo- outer tunnel tube (6)
which is rigidly secured to    densdesaugerenTunnelrohres (6) verteilten
Luft- the hull structure (8) of the ship, with an annulus   20   dusen (19)
geliefert wird. (7) between the inner and outer tunnel tubes, said annulus
containing sound absorbing means, characterized by said sound absorbing
means be-       Revendications ing in the form of separate, gas filled
cavities (12', 22) partly filling said annulus (7) at least during   25  1.
Installation de propulseur a h6lice, a support operation of thethruster
installation, without seal-  elastique, utilise pour propulser/ou diriger
des ba- ing the annulus from the surrounding water.          teaux,
notamment des propulseurs du type dans 2. Thruster installation according
to claim 1,     lequel une helice tourne dans un conduit ouvert
characterized by said gas filled cavities (12', 22)  traversant la coque du
bateau, comportant une occupying at least 10% of the volume of the ann-
30   unite A helice (1) qui est supportee rigidement ulus (7).
dans un tube de conduit int6rieur (2) qui est sup- 3. Thruster installation
according to claim 1 or   porte elastiquement, d'une maniere coaxiale, dans
2, characterized by said gas filled cavities (12')
untubedeconduitext6rieur(6),quiestfixerigide- being air filled cushions
(12) having thin walls of  ment A la structure de la coque (8) du bateau,
tan- an elastomer material.                          35   dis qu'entre les
tubes de conduit interieur et ext6- 4. Thruster installation according to
claim 1 or   rieur se trouve dispose un espace annulaire (7) 2,
characterized by said gas filled cavities being air  contenant des moyens
absorbant le son, caracte- .bubbles (22) formed by a continuous air stream
ris6encequelesditsmoyensabsorbantlesonpos- supplied to the annulus (7) from
a plurality of air  sbdent la forme de cavit6s s6par6es (12', 22) rem-
nozzles (19) distributed along the bottom of the   40   plies de gaz qui
remplissent partiellement ledit es- outer tunnel tube (6).
pace annulaire (7) au moins pendant le fonction- nement de l'installation
de propulseur, sans isoler l'espace annulaire de l'eau environnante.
Patentanspruche                                        2. Installation de
propulseur selon la revendica- 45   tion 1, caract6ris6e en ce que lesdites
cavites rem- 1. Elastisch aufgehangte Propeller-Triebwerks-     plies de
gaz (12', 22) occupent au moins 10% du anlage zum Antrieb und/oder Steuern
von Schif-       volume de l'espace annulaire (7). fen, insbesondere
Triebwerke der Art, bei der ein      3.
InstallationdeepropulseurselonIarevendica- Propeller in einem  offenen
Tunnel durch den         tion 1 ou 2, caract6ris6e en ce que lesdites
cavites Rumpf des Schiffes arbeitet, enthaltend eine Pro-   50   remplies
de gaz (12') sont des coussins remplis pellereinheit (1), die starr in
einem inneren Tun-   d'air (12) poss6dantdes parois mincesconstitu6es
nelrohr (2) gehaltert ist, das koaxial elastisch in  en un materiau
elastomere. einem auBeren Tunnelrohr (6) gehaltert ist, das        4.
Installationldespropulseurselonarevendica- starr an der Rumpfstruktur (8)
des Schiffes befe-    tion 1 ou 2, caract6ris6e en ce que lesdites cavit6s
stigt ist, mit einem Ring (7) zwischen dem inneren   55   remplies de gaz
sont des bulles d'air (22) formees und dem augeren Tunnelrohr, der
gerauschabsor-       par un ecoulement d'air continu envoye A l'espace
bierende Mittel aufweist, dadurch gekennzeich-       annulaire (7) A partir
d'une pluralite de buses d'in- net, da6 die Gerauschabsorptionsmittel in
der        jection d'air (19) r6parties le long du fond du tube Form
getrennter, gasgefullter Hohlraume (12', 22)    de conduit ext6rieur (6).
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