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[57] ABSTRACT

A tank washing machine, suitable for cleaning the
tanks of marine oil tankers, in which washing liquid is
discharged from a nozzle mounted on a housing which
is rotatable about a first axis (e.g., vertical) in relation
to other normally fixed parts of the machine. The noz-
zle is pivotable or rotatable about a second axis (e.g.,
horizontal) which at an angle to the first axis. A single
driving means (preferably a single turbine powered by
wash liquid) is connected via gears and a clutch mech-
anism to rotate the housing about the first axis and via
other gears to pivot or rotate the nozzle about the sec-
ond axis, the ratio of the angular speeds of the nozzle
and housing about their respective axes being con-
stant, but the absolute angular speeds being varied in
accordance with a selected program (e.g., as deter-
mined by the profile of a cam) so that distant tank
walls are sprayed as effectively as proximate walls,
during use.

17 Claims, 9 Drawing Figures
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TANK CLEANING MACHINE WITH SELECTIVE
WASH PROGRAMMING

This invention relates to machines for cleaning tunks.

Many machines have been described for cleaning
tanks, c.g., tanks of oil tankers. Usually the tank wash-
ing is carried out by the use of jets of water ¢jected
through a nozzle. On some machines the nozzle is
mounted on a housing which rotates slowly about a ver-
tical axis and at the same time the nozzle oscillates
more slowly about the horizontal axis. In this manner
substantially the whole of the tank wall arca receives
jets of water from the nozzle.

Such machines however, have one serious defect and
that is their inability to equalize the wash water over
the whole tank surface. This occurs because the nozzle
is suspended relatively close to the underside of the
tank top, and it is normal for the nozzle to clevate a
fixed amount about the horizontal axis for every turn
about the vertical axis. If the nozzle housing is rotated
at a constant rate the nozzle will take as long to travel
from the vertically downward position to the horizontal
position as it will do to travel from the horizontal posi-
tion to the vertically upward position, thereby supply-

ing as much wash water to the top metre or so of the 2

tank as the whole of the rest of the tank.

We have now reduced this problem with the machine
of this invention which employs a variable speed tur-
bine, and this results in variations in the rotational
speed of the nozzle housing and the speed of oscillation
of the nozzle about the horizontal axis.

The present invention provides a method of cleaning
a tank employing a tank cleaning machine of the type
having a nozzle which is rotatable or pivotable about a

first axis substantially perpendicular to the longitudinal -

axis of the nozzle, the nozzle being mounted in a hous-
ing which is rotatable about a second axis at an angle
to the said first axis, the method comprising driving the
nozzle and the housing about their respective axes from
the same drive means with their angular velocities in a
constant ratio, and varying their absolute angular ve-
logities in a predetermined manner in accordance with
a sclected program.

In another aspect, the invention comprises a tank
wushing machine comprising & nozzle which is rotat-
able or pivotable ubout a first axis substantially perpen-
dicular to the longitudinal axis of the nozzle and which
is mounted on a housing which is rotatable about a sec-
ond axis at an angle to the said first axis, a conduit for
supplying a tank wash liquid to the nozzle, a common
drive means connected for rotating the housing and ro-
tating or pivoting the nozzle in such a manner that the
angular velocity of the housing will be in a fixed ratio
in relation to the angular velocity of the nozzle, and
means for varying the absolute rate of rotation of the
housing and of the nozzle, about their respective axes,
in accordance with a sclected program. Preferably, the
sclected program is provided by the interaction of a
cam and a cam follower which are driven from the said
drive means, and the relative movements of the cam
and cam follower are employed to influence the power
output from the drive means, ¢.g. by varying the rela-
tive angle between the blades of a drive turbine pow-
dered by the wash liquid and the angle of impingement
of the wash liquid on the blades.

According to this invention a tank washing machine
suitable for cleaning tanks of oil tankers comprises a
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wash liquid supply pipe in communication with a nozzle
housing rotatable about its longitudinal axis, a nozzle
fixed to the nozzle housing, said nozzle being rotatable
about an axis at an angle to its own longitudinal axis
and at an angle to the axis of rotation of the housing,
a turbine actuated by the flow of wash liquid, means
whereby, whilst the turbine is rotating, the relative
angle between the turbine blades and the tlow of wash
liquid impinging on the turbine blades may be varied
{c.g.. by changing the altitudes of the blades, and/or by
changing the direction of liquid flow onto the blades
cmploying flow nozzles) and means whereby the speed
of rotation of the turbine controls the speed of rotation
of the nozzie housing and the speed of the rotation of
the nozzle.

The wash liquid supply pipe is usually designed so
that when the machine is installed in position for usce,
at least a large part of the pipe projects substantially
vertically into the tank from the roof of the tank. Pref-
crably it carries an annular plate for fixing to the hole
in the roof of the tank. Part of the supply pipe may if
desired be bent, c.g., through 90°, so that when the ma-
chine is fitted in position part of the supply pipe outside
the tank is for example horizontal so that it can be con-
nected casily to the source of wash liquid.

The nozzle housing communicates with the wash lig-
uid supply pipe and usually it is co-axial with this pipe,
and therefore usually rotates about a substantially ver-
tical axis when the machine is in position in the tank.

The nozzle is rotatable about an axis at an angle to
the axis of rotation of the housing, and usually this
angle is a substantial angle, ¢.g., 90°. Thus, in the pre-
ferred embodiment when the axis of rotation of the
nozzle housing is substantially vertical when the ma-
chine is in position in the tank, the axis of rotation of
the nozzle is substantially horizontal. Usually the axis
about which the nozzle is rotatable is substantially 90°
to its own longitudinal axis. Generally the nozzle does
not rotate completely about its axis of rotation, but os-
cillates about this axis.

The turbine is actuated by the flow of wash liquid,
and the turbine should preferably be located at the en-
trance to, or in the wash liquid supply pipe.

The angle which the turbine blades make with the
flow of wash liquid affects the speed of rotation of the
turbine, and preferably it is the angle which the blades
make with the longitudinal axis of the turbine which is
altered. Means can be provided which are capable of
continuously varying the angle of the turbine blades. In
the preferred embodiment this means of varying the
angle of the blades of the turbine comprises a slidable
rod, co-axial with the axis of the turbine, the sliding of
which rod along the axis of the turbine causes by means
of linked levers, the variation of the angle the blades of
the turbine muke with the plane at right angles to the
axis of the turbine.

The angle which the turbine blades make with the
flow of wash liquid can however be varied by having
fixed turbine blades and altering the angle at which the
wash liquid impinges on the blades. This arrangement
would involve a number of substantially radial vanes
placed in the wash liquid supply pipe immediately be-
fore the turbine, and a dcevice for altering the angle
which these blades make with the longitudinal axis of
the wash liquid supply pipe, thereby altering the angle
at which the wash liquid impinges upon the fixed blades
of the turbine.
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The speed of rotation of the turbine controls the
speed of rotation of the nozzle housing and the speed
of rotation of the nozzle. In the preferred embodiment
of the invention, the turbine is connected to a rotatable
shaft which rotates with the turbine blades.

Rotation of this rotatable shaft through gears and
other rotatable shafts causes rotation of the nozzle
housing and the nozzle. By this means variation in the
speed of the turbine blades results in variations in the
speeds of rotation of the nozzle housing and of the noz-
zle.

In the preferred embodiment of the invention the
slidable rod which varies the angle of the blades of the
turbine is linked to a pivoted lever, the other end of
which is moved by a rotatable cam. Rotation of the cam
causes longitudinal shifting of the slidable rod and
hence variation of the angle of the turbine blades. By
using cams of different profile one can alter the varia-
tion in the speed of the turbine blades.

So that the nozzle can oscillate rather than com-
pletely rotate the machine is preferably provided with
means for reversing the direction of rotation of the noz-
zle periodically. This may be achieved by means of a
slidable and rotatable clutch with two faces, each face
of which can cngage separately with two other rotat-
able clutches. This slidable clutch is caused to slide pe-
riodically so that it engages first one and then the other
of the other two clutches. By means of gears, rotation
of one of these clutches causes the nozzle housing and
nozzle to rotate in one direction, whereas rotation of
the other clutch in the same direction causes the nozzle
housing and nozzle to rotate in the opposite direction.
Alternatively, the direction of rotation of the nozzle
about the horizontal axis may be reversed while main-
taining the direction of rotation of the nozzle housing
in the same direction.

The direction of rotation of the nozzle can of course
be reversed by other means, ¢.g., by means of a rotating
partially toothed wheel cngaging first one gear train,
and then another gear train,

It is a preferrcd feature of this invention that the
speed of rotation or oscillation of the nozzle is very
much less than the speed or rotation of the nozzle hous-
ing. This is obviously achieved by gear reduction and
in practice the speed or rotation of the nozzle housing
is usually from 10 to 200 times, c.g. 20 to 60 times, that
of the speed of rotation or oscillation of the nozzle.

The tank cleaning machines of this invention will
now be described with reference to the accompanying
drawings in which:

FIG. 1 shows a gencral clevation of a machine ac-
cording to the invention, with certain parts cut away to
show the interior thereof,

FIG. 2 is a vertical section through the top part of the
machine of FIG. L.

FIG. 3 is a section through HI--TiI of FIG. 2.

FIG. 4 is a section through IV—IV of FIG. 2.

FIG. § is a sectional elevation of the turbine and tur-
bine shaft of the machine of FIGS. 1 and 2.

FIG. 6 is a scction through VI—VI of FIG. 5.

FIG. 7 is a vertical cross-section through the top part
of another machine in accordance with the invention.

FIG. 8 is a vertical cross-section through the bottom
part of the machine whose top part is depicted in FIG.
7, and

FIG. 9 is a horizontal cross-scctional plan on lines
IX-IX of FIG 8.
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Referring to FIG. 1 of the drawings, the machine 1 is
mounted by means of annular plate 2 on the top of a
tank 3 with the wash liquid supply pipe 4 passing into
the interior of the tank 3. At the lower end of the ma-
chine there is a rotatable housing § which is connected
to a drive tube 6 which is co-axial with and can rotate
inside the supply pipe 4. Co-axial with and inside the
drive tube 6 is a shaft 7, the lower end of which termi-
nates in a worm 8. This worm meshes with a worm
wheel 9 which is connected to the nozzle 10.

Referring to FIG. 2 of the drawings the turbine 11 is
housed in the horizontal portion of the wash liquid sup-
ply pipe 4 and is connected to the hollow shaft 12
which rotates with the turbine. Inside shaft 12 and co-
axial therewith is another shaft 13, the function of
which is to be described later. Fixed to shaft 12 is gear
14 which meshes with gear 15. Gear 15 is keyed at 16
(see also FIG. 3) to shaft 17, but the shaft 17 is free to
slide axially through the gear 15. Attached to shaft 17
is a clutch member 18 which is capable of engaging
with another clutch member 19 which is fixed to bevel
gear 20. Bevel gear 20 and another bevel gear 21 are
fixed to and mounted on a hollow shaft 22. Clutch
member 18 is also capable of engaging with a clutch
member 23 which is fixed to a bevel gear 24. The bevel
gear 24 and clutch member 23 are mounted on the hol-
low shaft 17, but the shaft is free to shift longitudinally
with respect to the gear 24 and clutch member 23.
Bevel gear 20 meshes with a bevel gear 25 mounted on
shaft 7, and bevel gear 21 meshes with a bevel gear 26
mounted on the drive tube 6.

Hollow shaft 17 has an internal annular shoulder 27
which serves as journal bearing for a rod 28 which is
co-axial with shaft 22. One end of rod 28 is provided
with a screw thread 29 which meshes with an internal
thread 30 of shaft 22. The other end of rod 28 is con-
nected to a rack 31 which has an extension 32 which
can slide longitudinally in a guide 33 (sce also FIG. 4).

Mounted on rod 28 are two annular axially adjustable
stops 34 and 35, in between which are compression
springs 36 and 37 located either side of the annutar in-
ternal shoulder 27 of shaft 17.

Rack 31 meshes with a gear 38, which rotates when
the rack moves longitudinally. Gear 38 is coupled via
shaft 39 to a cam 40. The cam 40 moves a lever 41 piv-
oted at 42 which is provided at one e¢nd with a bearing
44. This bearing 44 cngages with two stops 43 on the
shaft 13. Alternatively lever 41 may be moved manu-
ally by displacement of fulcrum pin 42,

Referring now to FIGS. 5 and 6 of the drawings the
shaft 13 terminates in a square cnd 45. Three of the
four turbine blades 46 are shown and attached to each
at the inward end of each is a pivoted lever 47 to which
is fixed a pin 48. Each pin 48 engages in a slot 49 (ob-
lique to the longitudinal axis) in the squarce end 45 of
the shaft. Longitudinal movement of rod 13 results in
shifting of the levers 47 thereby altering the inclination
of the blades 46 about their axes, two of which are
shown at §50.

The operation of the tank cleaning machine is as fol-
fows:

Wash liquid, usually water, enters the wash liquid
supply pipe 4 and impinges on the blades 46 of the tur-
bine causing the turbine 11 to rotate. The wash liquid
passes down the vertical section of the wash liquid sup-
ply pipe 4 and eventually passes out through the nozzle
10.
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Rotuation of the turbine blades 46 causes shaft 12 to
rotate and with it gears 14 and 18, and shaft 17. Since
clutch member 18 is fixed to shaft 17 this clutch mem-
ber also rotates. and as shown in FIG. 2 it engages
clutch member 19 which also rotates with clutch mem-
ber 18. Rotation of the clutch member 19 means that
bevel gears 20 and 21 and shaft 22 on which the gears
20 and 21 are mounted also rotate. Rotation of gears
20 and 21 also causes rotation of bevel gears 28 and 26,
and shaft 7 and tube 6 respectively. Due to the differ-
ence in the gear ratio between gears 20/25 and 21/25
shaft 7 and tubc 6 will rotate at different speeds. This
in turn means that worm 8 and housing § respectively
will rotate at different speeds. In practice it is usual for
the gear ratios to be chosen so that shaft 7 and hence
worm 8 rotates slightly slower than housing 5. This in
turn means that worm gear wheel 9 rotates even slower.

Whilst shaft 22 rotates its internal screw thread 30
meshes with the screwed end 29 of rod 28. As shown
in FIG. 2 this causes rod 28 to shift slowly towards the
left. Rotation of this rod 28 is prevented by means of
the guide 33 preventing rotation of extension 32 of
rack 31. As rod 28 moves towards the left the stop 35
gradually compresses spring 37 and at the same time
spring 36 which is initially compressed between should
27 and stop 34, becomes less compressed. This contin-
uous compression of spring 37 and relaxation of spring
36 will result eventually in the clutch member 18 sud-
denly shifting from right to left so that it engages clutch
member 23, Since clutch member 18 is fixed to shaft
17, rotation of the clutch members 18 and 23 occurs
and with. it rotation of bevel gear 24 which is usually of
the same size as and having the same number of tecth

as bevel gear 21, This means that bevel gear 26 now ro- -

tates in the opposite direction as also does bevel gear
25 (through bevel gear 20 fixed to shaft 22 which
carrics bevel gear 21). It can be scen therefore that
when bevel gear 25 reverses direction so will shaft 7,
and worm 8. This reversal of direction also means a re-
versal of direction of rotation of worm wheel 9, and this
means that if nozzle 10 has been slowly rising it will
now slowly descend, and vice-versa.

As rod 28 moves longitudinally so will rack 31, This
engages gear 38, rotation of which causes cam 40 to.ro-
tate. Rotation of the cam causes pivoted lever 41 to
pivot about the fulcrum pin 42. By means of the bear-
ing 44 and stops 43 movement of lcver 41 causes shaft
13 to move longitudinally. As cxplained previously
movement of shaft 13 causes inclination of blades 46
to alter, thereby altering the angle which the blades 46
make with the flow of wash liquid. This causes the
speed of the turbine 11 to alter, and hence the speed
of rotation of housing § and speed of oscillation of noz-
zle 10,

By adjusting the position of stops 34 and 35 and by
changing cams so that different profiles are used repre-
senting different sclected washing programmes, one
can readily alter the speed of rotation of housing § and
also the speed of oscillation of nozzle 10 to meet the re-
quircments of the particular tank being cleaned.

Reference is now made to FIGS. 7, 8 and 9 which il-
lustrate the principal constructional features of a differ-
ent design of machine in accordance with the inven-
tion. In FIGS. 7, 8 and 9, featurcs which are common
also to the embodiment of FIGS. 1 to 6 are given the
same reference numeral,
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In the embodiment of FIGS. 7, 8 and 9, the relative
rotation or angular speeds of the housing 5 and the
worm 8 {and consequently the worm gear 9) are de-
rived by a reduction gear arrangement, described be-
low, in the housing 5 rather than from a reduction gear
arrangement in the top of the machine as is the case
with the previous embodiment, and the reduction gear
arrangement in the housing 5 is driven by means of a
single drive shaft 50 rather than the combination of the
shaft 7 and drive tube 6 of the previous embodiment.

Referring particularly to FIG. 7, it will be scen that
the meshed bevel gears 20, 25 of FIG. 2 arc absent, and
that the clutch member 19 is attached to the inwardly-
directed face of bevel gear 21. Bevel gear 21 and bevel
gear 24 are both meshed with a bevel gear 26 (which
may alternatively be in the form of a crown gear wheel,
not shown, as will be apparent to those skilled in this
art), and bevel gear 26 drives the single shaft 50 which
extends downwards into the rotatably-mounted hous-
ing 5.

From the description of the first embodiment, it will
be apparent that when the clutch member 18 is en-
gaged with clutch member 19, the rotation of the shaft
50 will be in the opposite direction to that when the
clutch member 18 is engaged with the clutch member
23 on the bevel gear 24, Accordingly, the shaft 50 will
rotate a predetermined number or revolutions in one
direction and then a predetermined number of revolu-
tions in the opposite sense as the clutch member 18 en-
gages alternately with the clutch members 19 and 23.
All the other functions of the parts shown in FIG. 7 are
substantially the same as the parts shown in FIG. 2, in-
cluding the arrangement previously described, by
which the speed of rotation of the turbine 11 controls
the speed of rotation of the shaft 17 and of whichever
of the bevel gears 21, 24 is engaged by the clutch, and
of the bevel gear 26.

Reference is now made to FIGS. 8 and 9 from which
it will be secn that the shaft 50 is attached to the rotata-
bly-mounted housing § by means of a key and keyway
50u and locked nut 504. The housing § is mounted for
rotation about the stationary vertical liquid supply pipe
4 on bearings 4«, of which only some are shown in FIG.
8.
The liquid supply pipe 4 supports a stationary tube 51
which terminates at its lower end in an annular recess
between the shaft 50 and the housing $. The tube 51 is
provided with an external gear ring 52. A spur wheel §3
is mounted for rotation on a stub shaft 54 which ex-
tends upwardly from the base of the housing § parallel
with, and offset from the axis of shaft 50, and the spur
wheel 53 meshes with the gear ring 52, so that rotation
of the shaft 50 and the attached rotatable housing 5
causes planetary rotation of the spur wheel §3 about
the axis of the shaft 50, Attached to the spur wheel 53
and mounted for rotation on the stub shaft 54 is a sec-
ond, smaller pinion wheel 55 which meshes with a spur
gear 8a on the worm 8 which is mounted, in any known
suitable way, for rotation about the stationary tube 51.
The rotation of the worm 8 causes rotation of the worm
wheel 9 and hence causes changes in the elevation or
attitude of the nozzle 10 in the same way as in the em-
bodiment of FIGS. 2 to 6.

The gear ratios between the stationary gear ring 52
and the meshing spur wheel 53, between the spur wheel
53 and the smaller pinion wheel 55, and between the
pinion wheel 55 and the spur gear 8a can easily be se-
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lected to provide a desired ratio between the rotational
or angular speed of the shaft 50 and the speed of the
worm 8. Although the reduction gear arrangement
within the housing § of the embodiment of FIGS. 7 and
8 is more expensive to make than the simple worm-and-
gear wheel assembly in the housing § of the cmbodi-
ment of FIGS. 1 to 6, in many cases, the overall cost of
the machine of FIGS. 7 and 8 may be cheaper than that
of the machine of FIGS. 1 to 6 since only one drive
shaft (50} is required compared with the two shafts 6
and 7, and for some dutics, these shafts may be about
12 feet long. Nevertheless, the type of tank cleaning
machine of this invention which may be preferred by
the uitimate user may be determined by operational
factors which outweigh advantages of the FIG. 7 em-
bodiment.

The top section of the machine of FIGS. 7 and 8 can
be made smaller since the size limitations on the bevel
wheels 21, 24 and 26 are less stringent in the absence
of the other two bevel wheels 20, 25 of FIGS. 1 to 6.
It will be scen in FIG. 8 that the thrust of the water jet
is shared equally between bearings or sets of bearings
(which are illustrated, but not all indicated by refer-
ence numerals) on cach side of the jet reaction line. It
will be clear to those skilled in the art that bearings or
sets of bearings may be provided and so arranged in the
housing § of FIG. 1 that the water jet thrust is shared
between a plurality of bearings.

In order to enhance further the washing operation
which can be performed by machines in accordunce
with the invention, the worm 8, as shown in FIG. 8, is
free to slide axially a short distance along the support
tube 81 hetween a tower shoulder 87 in the housing §
and an upper shoulder 58 in the housing 5. A suitably
short distance is one-half of the product of the speed
reduction ratio of the gear-train 52, 53, 58, 8¢ and the
pitch of the worm, or approximately this product.

When the direction of rotation of the shaft 50 is re-
versed due to the previously-described change of en-
gagement of the clutch member 18 with the clutch
members 19 and 23, the change in direction of the re-
action of the worm 9 on the worm 8 will cause the
worm 8 to move axially along the shatt 50 in the space
hetween the fower shoulder §7 and the upper shoulder
§8. The final position of the worm 8 will be at an abut-
ting location with one or other of the shoulders 57 or
58, thereby imparting to the worm gear 9 and the at-
tached nozzle 10 a starting position on reversing the di-
rection of angular movement which is non-coincident
with their positions prior to reversal of direction of an-
guliar motion, due to lost motion in the gear train §2,
53, 55, Ra, 8, 9 as outlined above, and cqual to about
one-half of the cffective pitch of the gear train. The
non-coincident position of the nozzie 10 at cach rever-
sal is advantageous in mitigating any tendency of the
wash water jet leaving the nozzle 10 to make substan-
tially repetitive wash patterns in the tank thereby tur-
ther improving the thoroughness of washing that can be
effected by the machine of the invention. It will be ap-
parent to those skilled in the art that the worm 8 of the
cmbodiment of FIGS. 1 to 6 can also be arranged for
Jimited axial movement relative to the housing § for the
same purpose.

In FIG. 9, there are shown the flow apertures 60 at
the end of the nozzle 10 within the housing 5§ through
which wash water passes from regions 61 of the housing
5 to the nozzle 10. Wash water is supplied to the re-
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gions 61 from the wash water supply pipe 4. as shown
in FI1G. 8, via apertures 62 at the lower end of the pipe
4 within the rotatable housing § from which it passes
into the spaces 63 of the housing 5 which communicate
via apertures, not shown, with the regions 61. Although
the manner in which wash water or other wash liquid
is passed to the nozzle 10 has been particularly de-
seribed with reference to FIGS. 8 and 9, it will be ap-
preciated by those skilled in the art that the samie or a
similar arrangement can be used in other embodiments
of the invention.

In the foregoing description, reference has been
made only to the principal parts of the machines of the
invention, but it will be understood by those skilled in
the art that there will be other parts such as bearings
hetween relatively rotatable parts, and glands and seals
to prevent undesirable leakage of liquids.

It will be appreciated by those skilled in the art that
features which have been described or mentioned with
particular reference to one of the two ifllustrated em-
bodiments may be incorporated in the other of the twa
enmbodiments, without departing from the invention as
defined in the appended claims.

I clain:

1. A tank washing machine suitable for cleaning
tanks of oil tankers, comprising a wash liquid supply
pipe in communication with a nozzle housing rotatable
about its longitudinal axis, a nozzle fixed to said nozzle
housing, said nozzle being rotatable about an axis at an
angle to its own longitudinal axis and at an angle to the
axis of rotation of said housing, a turbine having tur-
bine blades actuated by the flow of wash liquid from
said wash liquid supply pipe, means operably driven in
response to the impingement of said wash liquid on said
turbine blades and including program mcans for caus-
ing said tanks to be cleaned in accordance with a pre-
determined programmed wash cycle, said program
means operably connected for changing the speed of
said turbine, and means connecting said turbine to
drive said nozzie and nozzie housing for automatically
varying the speed of cach of said nozzle housing and
said nozzle during operation as a function of said pre-
determined programmed wash cycle of said program
means.,

2. A muchine according to claim 1 wherein the noz-
zle housing is co-axial with the wash liquid supply pipe.

3. A machine according to claim 2 wherein said tur-
bine is located at the opposite end of said wash liquid
supply pipe from said nozzle housing and is connected
therete by means of a rotatable shaft.

4. A machine according to claim 2 wherein the noz-
e is rotatable about an axis disposed at an angle of 90°
to the axis of rotation of the nozzle housing.

5.-A machine according to claim 4 wherein the axis
about which the nozzle is rotatable is disposed at sub-
stantially 90° to its longitudinal axis.

6. A machine according to claim 1 wherein said tur-
bine bludes have a variable pitch and said program
means are operably connected therewith through
means comprising a slidable rod co-axial with the axis
of the turbine, and means for connecting said rod with
said program means and said turbine blades so that slid-
ing of said rod is in accordance with said program
means for varying the pitch of said turbine blades in re-
sponse thercto.

7. A machine according to claim 6 wherein said pro-
granm means comprises a rotatable cam having profile
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corresponding to said  predetermined  programmed
wash cycle, and liner means connected at once end tor
sensing said profile and at the opposite end for causing
sadd rod to slide as a function of the sensed profile.

8. A machine according to claim 6 whercein the noz-
zle oscillates about its axis of rotation.

9. A muchine according to claim 8 comprising a slid-
able and rotatable clutch member having faces at oppo-
site ends thereto, cach of said faces adapted to cngage
with two other rotatable clutch members respectiv cly,
and gear means connected to said other rotatable
clutch members and to the nozzle und nozzle housing
so that when an adjacent fuce of said slidable clutch
member disengages from engagement with one of said
other clutch members the opposite face thereof en-
gages with the other of said clutch members which
causes a reversal in the direction of rotation of the noz-
zle and nozzle housing,

10. A tank washing machine for cleaning stomgu

tanks, comprising a nozzle having a longitudinal axis
and mounted for pivotal movement about a first axis
substantially perpendicular to said longitudinal axis, a
housing for pivotally mnuntmE said nozzle and being
rotutable about a sccond axis disposed at an angle rela-
tive to said first axis, conduit means for supplying tank
wash Hiquid to said nozzle, common drive means con-
nected for mtatm& said housing and for causing said
nozzle to pivat in a predetermined fixed angular veloc-
ity relationship, predetermined tank  wash profile
means for defining a desired automatic wash program
for cleaning said tank, said tank wash profile means
connected with said common drive means for regulat-
ing the speed thereof as a function of said tank wash
profile means and for automatically varying the abso-
lute rate of angular velocity of said housing and said
nozzle in accordance with said tank wash profile
means, said tank wash profile means comprising cam
means having a cam surface defining said wash pro-
gram, and cam follower means for tracking said cam
surface and connected with said common drive means
for regutating the speed thereof in response to the
tracked cam surface.
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Il A machine according to claim 10 wherein said
common drive means includes a turbine actuated by
the tlow of wash liquid.

12. A machine according to claim 11 wherein said
turbine includes turbine blades, and comprising lever
means for varying the angle between said turbine
blades und the direction of flow of wash liquid imping-
ing thereon in accordance with the cam surface as
scnsed by said cam follower

13. A machine according to claim 12 wherein said
turbine blades have a variable pitch.

14. A machine according to claim 13 whercin said
means for varying the relative angle between said tur-
bine blades and the wash liquid impinging thercon
comprises a slidable rod co-axial with the axis of said
turbine, and lever means connecting said rod to said
turbine blades for causing the pitch of said turbine
blades to vary in relation to the pitch of said turbine
blades a vary in refation to the sliding movement of said
rod.

15. A machine according to claim 14 whercin said
slidable rod is operably connected to a first end of piv-
otably mounted lever means, said lever means carrying
at the opposite end thereot said cam follower means
disposcd in operable tracking contact with said cam
surface.

16. A machine according to claim 15
cam meuns is rotatably mounted.

17. A tank washing machine adapted for cleaning the
interior of a cargo storage tank, comprising variable
speed drive actuated by wash liquid, said speed varying
automatically in accordunce with a predetermined
wash program for said tank, predetermined wash pro-
gram means operably connected with said drive means
for causing the speed of said drive means to automati-
cally vary in accordance with said wash program for
said tank, nozzle means for use in cleaning said tank
and mcans connecting said drive means to said nozzie
for automatically varying the speed thereof in accor-
dance with said wash program, whereby said tank

cleancd in a predetermined optimum manner.
* i3 £ * *

wherein said



