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A DEVICE FOR INTERCONNECTING A FIRST ELEMENT AND A SECOND
ELEMENT AS WELL AS A PUMP COMPRISING SUCH A DEVICE

Technical field of the Invention

The present invention relates generally to the
field of devices for interconnecting elements to each other
in order to transmit a rotational motion, and more specifi-
cally to a device for a pump, which device is arranged to
interconnect an impeller and a drive shaft. Further, the
present invention relates specifically to the field of pumps
for sewage or waste water. The device comprises an axial
through hole that extends from a first end to a second end
and generates a tubular wall having a circular inner surface,
a part of which that is adjacent to said first end being
arranged to abut said first element, and having a circular
outer surface, a part of which that is adjacent to said first
end being arranged to abut said second element. The invention

also relates to a pump comprising such a device.

Background of the Invention

Conventional pumps - specifically centrifugal or
axial pumps - comprises a rotatable impeller mounted onto a
drive shaft, which impeller must be interconnected to the
drive shaft in a suitable way that provides a rigid and non-
rotational connection. At the same time it should be possible
to adjust the axial location of the impeller in relation to
the drive shaft, in order to adjust the location of the
impeller in relation to the impeller seat when the impeller
wears.

One known way to interconnect a first element and a
second element to each other in order to transmit a rotation-
al motion, is to use a key and key-way joint, which comprises
a key that is inserted into opposite key-ways in the respec-
tive elements. Such a joint is often to a great extent appro-
priate but it is often difficult to release the elements from
each other without damaging them, it is also difficult to

adjust the mutual axial location of the elements.
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Another known way to interconnect a first and a
second element to each other, is to use a tubular shaped
socket, e.g. as is shown in EP 1,026,405. The socket is
inserted into a centrally located recess in an impeller and
then a drive shaft is inserted into said socket. The impeller
is forced towards the drive shaft by means of a bolt, which
causes the socket to become squeezed between the impeller and
the drive shaft. Thus, by means of friction the socket will
transmit a rotational motion from the drive shaft to the
impeller. However, high initial starting torgue or other
types of sudden jerks, which may occur especially when the
pump operates in heavily polluted liquids, tend to cause a
small slip between the impeller and the socket and/or between
the drive shaft and the socket. Consequently, the different
elements will wear and the interconnection of the impeller
and the drive shaft will deteriorate, the consequence being

that the transmition of rotational motion may be lost.

Summary of the Invention

The present invention aims at obviating the afore-
mentioned disadvantages of previously known interconnection
devices, and at providing an improved device. A primary
object of the present invention is to provide an improved
device of the initially defined type with respect to the
ability of transmitting a rotational motion between two
elements. It is another object of the present invention to
provide a device, which upon sudden jerks provides a better
interconnection of the two elements. It is another object of
the present invention to provide a device which does not
involve any need of redesign of the interconnected elements.
It is yet another object of the present invention to provide
a device having an improved durability.

According to the invention at least the primary
object is attained by means of the initially defined device
and pump having the features defined in the independent
claims. Preferred embodiments of the present invention are

further defined in the dependent claims.
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According to a first aspect of the present inven-
tion, there is provided a device of the initially defined
type, which is characterized in that said tubular wall com-
prises at least one pair of slits, which slits are adjacent
to each other and extends from said first end towards said
second end, obtaining a finger shaped segment of the tubular
wall, which finger shaped segment is deflectable in the
circumferential direction in relation to neighboring parts of
said tubular wall. According to a second aspect of the
present invention, there is provided a pump according to
claim 11.

Thus, the present invention is based on the insight
of utilizing a partly deflectable device for obtaining a
better transmittal of a rotational motion between two ele-
ments even though said elements are subject to sudden jerks,
high momentary resistance, etc.

In a preferred embodiment of the present invention,
the device comprises at least two pairs of slits, which pairs
are distributed along the periphery of the tubular wall. This
means that each finger shaped segment that is created will
contribute to the increase of the frictional force between
the first element and the second element.

According to a preferred embodiment, the radial
extension of each slit coincides with a geometrical plane,
which is separated from the longitudinal axis of the device.
Thereby the surfaces of the slit will be inclined in relation
to the circumferential direction of the tubular wall, which
result in that the finger shaped segment will be partially
wedged between the neighboring part of the tubular wall and
the first or second element and thus the frictional force

will increase.

Brief description of the drawings

A more complete understanding of the abovementioned
and other features and advantages of the present invention
will be apparent from the following detailed description of
preferred embodiments in conjunction with the appended draw-

ings, wherein:
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Fig. 1 1s a schematic cross sectional side view of an
impeller attached to a drive shaft by means of an
inventive device.

Fig. 2 is a perspective view from above of an inventive
device,

Fig. 3 is a side view of the device shown in fig. 2,

Fig. 4 is a view from above of the device shown in fig. 2,

Fig. 5 is a cross sectional side view of the device shown in
fig. 2, and

Fig. 6 1s a cross sectional view from above of the device

shown in fig. 2.

Detailed description of preferred embodiments of the inven-

tion

Fig. 1 shows a schematic cross sectional view of an
impeller 1, a drive shaft 2, and a device 3, or socket,
according to the invention, said device 3 being arranged
between said impeller 1 and said drive shaft 2 in order to
interconnect them to each other. Even thus the inventive
device 3 has a broad applicability, i.e. to interconnect a
first and a second element to each other in order to transmit
a rotational motion, the device will be described arranged in
a pump (not fully shown). The invention relates according to
a second aspect to pumps in general, but in the described
embodiment the pump is constituted by a submergible centri-
fugal pump. In fig. 1 most parts of the pump are removed for
the sake of simplicity of reading the figure.

The location of the impeller 1 in relation to an
impeller seat (not shown) is of great importance for obtain-
ing a suitable operating performance of the pump. When a pump
pumps liguids containing solid matter, such as strongly
abrasive particles, the impeller 1 as well as the impeller
seat will be worn. Thus, after a certain time of operation
the actual gap between the impeller 1 and the impeller seat
will be different from an optimized initially installed gap.
More precisely, the location of the impeller 1 in relation to

the impeller seat is preferably adjustable.
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The drive shaft 2 extends from a motor (not shown)
comprised in the pump, and presents a free lower end. In a
preferred embodiment, said lower end is provided with the
shape of a truncated circular cone, converging in the distal
direction. The drive shaft 2 constitutes the first element
that is about to be interconnected.

The inventive device 3, or socket, comprises an
axial through hole that extends from a first end to a second
end, and that generates a tubular wall 4, which constitutes
the actual socket 3. The tubular wall 4 presents a circular
inner surface, at least over a part of the length thereof,
and a circular outer surface, at least over a part of the
length thereof. A part of the inner surface that is adjacent
to said first end of the socket 3 is, preferably in the shape
of a truncated circular cone diverging towards said first end
of said socket 3, and arranged to abut the envelope surface
of said lower end of the drive shaft 2. The inclination of
the conical inner surface of the tubular wall 4, in relation
to a longitudinal axis of the socket 3, is preferably above
3° and below 10°, and is in the shown embodiment approxi-
mately 6°. A part of the inner surface that is adjacent to
sailid second end of the socket 3 is preferably in the shape of
a threaded hole 5. In such a case may an adjusting screw 6,
having an external thread 7 and a central through hole 8, be
screwed into the threaded hole 5 of the socket 3.

The impeller 1 is provided with a central hub
having an axial through hole 9, an intermediate portion of
which having a smaller diameter than the two end portions of
said through hole 9, such that a first shoulder 10 and a
second shoulder 11 are provided at the transitions from the
bigger diameters of the ends to the smaller diameter of the
intermediate portion. Furthermore, the impeller 1 comprises
at least one vane 12 extending in a spiral shape from the
central hub towards the periphery of the impeller 1, prefer-
ably two vanes 12. Furthermore, the impeller 1 comprises a
cover disc 13, to which said wvanes 12 are connected. The
impeller 1 constitutes the second element that is about to be

interconnected.
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One way of mounting the impeller 1 onto the drive
shaft 2, using the inventive socket 3, will now be described.
Upon mounting of the impeller 1 onto the drive shaft 2, the
socket 3 is first slid onto the lower end of the drive shaft
2 and the adjusting screw 6 is screwed into the threaded hole
5 of the socket 3, preferably until it comes in alignment
with the second end of the socket 3. In other words, does not
protrude beneath the second end of the socket 3. Then, the
socket 3 and the drive shaft 2 are inserted into the through
hole 9 of the impeller 1. A part of the outer surface of the
socket 3, which part is adjacent to said first end of the
socket 3 is, preferably in the shape of a circular cylinder,
and arranged to abut the surface of the through hole 9 of the
impeller 1. Preferably a fastening means 14, e.g. a fastening
screw, 1s used to fixate the impeller 1 to the drive shaft 2.
The head 15 of the fastening screw 14 abuts said second
shoulder 11 of the through hole 9 of the impeller 1, directly
or indirectly be means of a washer 16, and the stem 17 of the
fastening screw 14 extends through the intermediate portion
of the through hole ¢ of the impeller 1 and through the
through hole 6 of the adjusting screw 5 and into a threaded
hole (not shown) of the lower end of the drive shaft 2. Upon
tightening of the fastening screw 14 the second end of the
socket 3 will abut the first shoulder 10 of the through hole
9 of the impeller 1, and subsequently the socket 3 will be
pressed onto the lower end of the drive shaft 2, and thereby
be squeezed between the drive shaft 2 and the impeller 1. The
fastening screw 14 shall only be tightened just enough to
keep the impeller 1 temporarily in place by means of fric-
tion. It is always important that the lower end surface of
the drive shaft 2 does not abut the inner surface of the
socket 3, i.e. that the axial mutual movement of the socket 3
onto the drive shaft 2 is only restricted by the wedging
effect, and that the drive shaft 2 does not touch bottom of
the socket 3.

Thereafter abovementioned impeller seat together
with other parts are attached to the rest of the pump housing

of the pump in order to obtain a pump chamber which accom-
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modates the impeller 1. When the pump is assembled a gap will
occur between the impeller 1 and the impeller seat, which gap
almost always has to be adjusted in order to obtain an opti-
mized operating performance. The fastening screw 14 is un-
screwed and then the adjusting screw 6 is unscrewed to a
certain degree, thereby abutting the first shoulder 10 of the
impeller 1 and pressing the impeller 1 towards the impeller
seat. Usually, the adjusting screw 6 is unscrewed all the way
until the impeller 1 comes in contact with the impeller seat.
Thereafter, the fastening screw 14 is once again screwed into
the drive shaft 2 and tightened with a prescribed torque,
which causes the impeller 1 to be positioned spaced apart
from the impeller seat and a suitable gap is obtained, at the
same time as the socket 3 is pressed further onto the lower
end of the drive shaft 2. If the impeller 1 is worn during
operation, another adjustment may be performed, and this may
be repeated whenever needed or at different intervals.

When the socket 3 is pressed onto the lower end of
the drive shaft 2, it is widen until it abuts the surface of
the through hole ¢ of the impeller 1. Thereby the socket 3 is
squeezed between the impeller 1 and the drive shaft 2, and
will by means of friction transmit a rotational motion from
the drive shaft 2 to the impeller 1.

One way of demounting the impeller 1 from the drive
shaft 2, is to tighten the adjusting screw 6 towards the
lower end of the drive shaft 2, thus pressing the impeller 1
and the socket 3 downwards until they come loose. When the
socket 3 disengage the drive shaft 2 it will at the same time
come loose from the impeller 1.

The socket 3 will now be described in detail in
conjunction with figs. 2-6, in which a preferred embodiment
of the inventive device is shown.

The tubular wall 4 is in the shown embodiment of a
slender shape adjacent to the first end of the socket 3 and
of a more rigid shape adjacent to the second end of the
socket 3. The outside of the tubular wall 4 adjacent to the
second end of the socket 3, is preferably in the shape of a

truncated cone converging in the distal direction, in order
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to facilitate the mounting of the impeller 1. Further, said
tubular wall 4 comprises at least one pair of slits 18, which
slits 18 are adjacent to each other and extends from said
first end of the socket 3 towards said second end of the
socket 3, at least one of said slits 18 terminating at a
distance from the second end of the socket 3. Thus a finger
shaped segment 19 of the tubular wall 4 is obtained, which
segment 19 is deflectable in relation to neighboring parts of
said tubular wall 4. The term “deflectable” is used meaning
that the segment 19 may bend towards the neighboring parts as
well as turn in relation to the neighboring parts. As the
socket 3 is located between the drive shaft 2 and the
impeller 1, the finger shaped segment 19 as well as the
neighboring parts of the tubular wall 4 will be squeezed in
the radial direction between the envelope surface of the
drive shaft 2 and the through hole 9 of the impeller 1. If
the impeller 1 is subject to a high momentary resistance, or
the drive shaft 2 is started to rotate with a jerk, the
impeller 1 may slip in relation to the drive shaft 2. When
using a socket 3 according to the invention, the function of
the finger shaped segment 19 is to at least partly follow the
mutual movement of the impeller 1 and the drive shaft 2 and
bend in the circumferential direction towards the neighboring
part of the tubular wall 4. The bending of the finger shaped
segment 19 intensifies the frictional force between the
socket 3 and the impeller 1 and the drive shaft 2, respect-
ively, due to the changed geometrical condition, of the
finger shaped segment 19.

In the shown embodiment, the longitudinal extension
of each slit 14 is parallel to the longitudinal axis of the
socket 3, as 1s seen from the outside of the socket 3.
However, the longitudinal extension of the slits 18 may be in
any other suitable shape, e.g. helical, zigzag, etc. Prefer-
ably the radial extension of at least one slit 18 of each
pair of slits 18, will coincide whit a geometrical plane,
which is separated from the longitudinal axis of the socket
3. In other words, the surface of the slit 18 will be at an

angle in relation to the tangent of the outer surface of the
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tubular wall 4, which angle is separated from 90°. When the
finger shaped segment 19 is bend towards the neighboring part
of the tubular wall 4 and comes into contact, the two abut-
ting surfaces which are inclined in relation to the circum-
ferential direction of the tubular wall will force the finger
shaped segment 19 to “climb up” on the neighboring part of
the tubular wall 4, and be wedged between the neighboring
part of the tubular wall 4 and the drive shaft 2 or the
impeller 1 in order to increase the frictional force. This
may be done by entire finger shaped segment 19 is bend out-
wards and/or that the finger shaped segment 19 is twisted.

Preferably, the two slits 18 of each pair of slits
18 are parallel to each other. However, the respective geo-
metrical plane in which each slit 18 is included may inter-
sect each other. Furthermore, the tubular wall 4 may comprise
at least two pairs of slits 18, which pairs are distributed
along the periphery of said tubular wall 4. Preferably, the
tubular wall 4 comprises eight pairs of slits 18, which are
arranged such that two opposite slits 18 from two different
pairs of slits 18 coincide with the same geometrical plane
and may thus be cut at the same time. It shall be pointed out
that all slits 18 extends from the first end of the socket 3,
even though several pairs of slits 18 are provided.

The socket 3 may also comprise a slot 20 extending
all the way from said first end to said second end of the
socket 3. The function of the slot 20 is to admit a small
widening of the entire socket 3 when it is pressed onto the
drive shaft 2.

Feasible modifications of the Invention

The invention is not limited only to the embodi-
ments described above and shown in the drawings. Thus, the
device as well as the pump may be modified in all kinds of
ways within the scope of the appended claims. For instance,
it shall be pointed out that instead of having the part of
the inner surface that is adjacent to said first end of the
socket, in the shape of a truncated cone, and having the part

of the outer surface that is adjacent to said first end of
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the socket, in the shape of a cylinder, the inverse ratio may
be used, which naturally will involve a differently shaped
drive shaft and a differently shaped through hole of the
impeller.

It shall also be pointed out that the adjusting
screw 1s optional, because in some application there is no
need for adjusting the location the one element in relation
to the other element. Furthermore, the slits may be kevhole
shaped, i.e. a bigger recess at the bottom of the slit, in
order to get a partially weaker finger shaped segment. There-
to, the finger shaped segments may be of any other suitable
material than the rest of the socket in order to get the

function wished for.
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Claims

1. A device for interconnecting a first element (2) and a
second element (1) to each other in order to transmit a rota-
tional motion, said device (3) comprising an axial through
hole that extends from a first end to a second end and gene-
rates a tubular wall (4) having a circular inner surface, a
part of which that is adjacent to said first end being arr-
anged to abut said first element (2), and having a circular
outer surface, a part of which that is adjacent to said first
end being arranged to abut said second element (1), charac-
terized in that said tubular wall (4) comprises at least one
pair of slits (18), which slits (18) are adjacent to each
other and extends from said first end towards said second
end, obtaining a finger shaped segment (19) of the tubular
wall (4), which finger shaped segment (19) is deflectable in
the circumferential direction in relation to neighboring

parts of said tubular wall (4).

2. The device according to claim 1, wherein the longitud-
inal extension of each slit (18) is parallel to the longi-

tudinal axis of the device (3).

3. The device according to claim 1 or 2, wherein the radial
extension of each slit (18) coincide whit a geometrical
plane, which is separated from the longitudinal axis of the

device (3).

4, The device according to any of the claims 1-3, wherein
the tubular wall (4) comprises at least two pairs of slits
(18), which pairs are distributed along the periphery of said
tubular wall (4).

5. The device according to claim 4, wherein the tubular

wall (4) comprises eight pairs of slits (18).

6. The device according to claim 4 or 5, wherein two oppo-
site slits (18) from two different pairs of slits (18) coin-

cide with the same geometrical plane.
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7. The device according to any of the claims 1-6, wherein
the slits of each pair of slits (18) are parallel to each

other.

8. The device according to any preceding claim, wherein at
least one of said part of the inner surface and said part of

the outer surface, is in the shape of a truncated cone.

9. The device according to any of the claims 1-7, wherein
salid part of the inner surface is in the shape of a truncated

cone, diverging towards the fist end of the device (3).

10. The device according to any preceding claim, wherein the
device (3) also comprises a slot (20) extending all the way

from said first end to said second end.

11. A pump, characterized in that it comprises a device

according to any of the claims 1-10.



