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FIG. 1

(57) Abstract: A sealing arrangement for an electric machine, which is between a first part (104) attached to a rotatable shaft (106)
and a second part (102) immobile with respect to a stator of the electric machine (10) comprises a plurality of zig-zag sections (110)
of a channel of a labyrinth seal (108) in a radial direction of the electric machine (10). The channel of the labyrinth seal (108) includes
a second seal (112) which is fixedly attached to the first part (104) and which has an elastic material part (114), the second seal (112)
is pressed in the radial direction against a surface (118) of the second part (102), a normal of which has a component parallel to the
radial direction, at rotational speeds a centrifugal force of which to the second seal (112) is weaker than a spring force of the second
seal (112), and the second seal (112) opening a gap (120) between the second seal (112) and said surface (118) at rotational speeds the
centrifugal force of which to the second seal (112) is greater than the spring force of the second seal (112).

[Continued on next page]
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Sealing arrangement for an electric machine, manufacturing
method of sealing and sealing method

Field

The invention relates to a sealing arrangement for an electric machine,

a manufacturing method of sealing and a sealing method.

Background
Existing solutions of sealing of an output shaft of an electric machine

such as an electric motor or engine with labyrinth seals or friction seals do not give
a sufficient tightness or they have a limited lifespan, particularly in extreme
environmental conditions, for example. Conventional radial seals are not suitable
for high speed and grease lubrication, because their friction tend to cause heating
which limits their use, and conventional labyrinth seals are not perfectly sealing

against fluids at standstill. Hence, there is a need to improve the sealing.

Brief description
The invention is defined by the independent claims. Embodiments are

defined in the dependent claims.
List of drawings

Example embodiments of the present invention are described below, by
way of example only, with reference to the accompanying drawings, in which

Figure 1 illustrates an example of seals of an electric machine at slow
speeds or at stop;

Figure 2 illustrates an example of seals of the electric machine at higher
speeds;

Figure 3 illustrates an example of dust and particle seal and another
shape of a second seal at slow speeds or at stop;

Figure 4 illustrates an example of dust and particle seal and another

shape of a second seal at higher speeds;
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Figure 5 illustrates an example of a transfer hole between a labyrinth
seal and a bearing;

Figure 6 illustrates an example of a flow chart of a manufacturing
method of the sealing of the electric machine; and

Figure 7 illustrates of an example of a flow chart of a sealing method.

Description of embodiments

The following embodiments are only examples. Although the
specification may refer to “an” embodiment in several locations, this does not
necessarily mean that each such reference is to the same embodiment(s), or that
the feature only applies to a single embodiment. Single features of different
embodiments may also be combined to provide other embodiments. Furthermore,
words "comprising” and "including” should be understood as not limiting the
described embodiments to consist of only those features that have been mentioned
and such embodiments may contain also features/structures that have not been
specifically mentioned. All combinations of the embodiments are considered
possible if their combination does not lead to structural or logical contradiction.

It should be noted that while Figures illustrate various embodiments,
they are simplified diagrams that only show some structures and/or functional
entities. The connections shown in the Figures may refer to logical or physical
connections. It is apparent to a person skilled in the art that the described
apparatus may also comprise other functions and structures than those described
in Figures and text. It should be appreciated that details of some functions,
structures, and the signalling used for measurement and/or controlling are
irrelevant to the actual invention. Therefore, they need not be discussed in more
detail here.

Figures 1 illustrates a cross section of a simplified example of a sealing
arrangement 100 of an electric machine 10 when the electric machine 10 is stopped
or running slowly. The sealing arrangement 100 is located between a first part 104
attached to the shaft 106 and a second part 102 immobile with respect to a stator

of the electric machine 10. The first part 104 is mobile and it rotates with a rotating
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shaft 106 of the electric machine 10 while the electric machine 10 is run. In an
embodiment, the electric machine 10 may comprise an electric motor or electric
engine, which consumes electric energy, or an electric generator, which produces
electric energy. The sealing arrangement 100 comprises a plurality of zig-zag
sections 110 of a structurally continuous labyrinth seal 108 in a radial direction of
the electric machine 10 between the first and second parts 102, 104. The labyrinth
seal 108 that is a channel between the first and second parts 102, 104 continues
round a rotatable shaft 106 of the electric machine 10. A distance between the first
and the second parts 102, 104 may be from tens of millimeters to millimeters, the
distance being a width of the channel. The first and second parts 102, 104, in turn,
may be ring-shaped elements of an end housing of the electric machine 10. The first
and second parts 102, 104 may be made on one or more sub-parts. The radial
direction is parallel to the centrifugal force experienced by any object when
rotating with the rotating shaft 106.

A plurality of longitudinal axes of the zig-zag sections 110 have different
directions in the same cross sectional plane. The directions of the successive
sections 110 thus differ from each other, and may be perpendicular with respect to
each other. A part of the longitudinal axes of a common cross section of the zig-zag
sections 110 may be parallel to the axis of the shaft 106 on the electric machine 100
and a part of the longitudinal axes of the common cross section of the zig-zag
sections 110 may be parallel to a radial direction. However, also other directions
may be possible. Different ends of the labyrinth seal 108 have different distances
from the rotational axis which causes a radial centrifugal force to water, lubricant,
dust or any other material in the labyrinth seal 108. The centrifugal force, in turn,
thus prevents or limits any undesirable material from entering the labyrinth seal
108.

The labyrinth seal 108 includes in its channel a second seal 112 which
is fixedly attached to the first part 104 rotatable with the shaft 106. The second seal
112 comprises an elastic material part 114. In an embodiment, the second seal 112
may also comprise a spring part 116. The second seal 112 has a ring shape and it is

located within a ring shaped, enlarged cavity of the channel of the labyrinth seal
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108. The elastic material part 114 may comprise polymer and/or rubber, for
example. The spring part 116 may comprise polymer, rubber and/or metal, for
example. The metal may be steel, for example. The elastic part 114 is pressed, in
the radial direction towards the shaft 106, against a surface 118 of the second part
102 at rotational speeds a centrifugal force of which to the second seal 112 is
weaker than a spring force of second seal 112. A normal of the surface 118 has a
component parallel to the radial direction.

The elastic part 114 and the spring part 116 may press, in the radial
direction, the elastic material part 114 against the surface 118 of the second part
102 at rotational speeds a centrifugal force of which to the second seal 112 is
weaker than a spring force of the spring part 116 and the potential spring force of
the elastic material part 114. A normal of the surface 118 has a component parallel
to the radial direction.

As shown in Figure 2,a gap 120 opens between the second seal 112 and
said surface 118 at rotational speeds the centrifugal force of which to the second
seal 112 is greater than the spring force of the second seal 112. In this manner,
friction and heat caused by the friction is reduced or eliminated. The second seal
112 converts to a clearance seal when the gap 120 opens.

In an embodiment, the channel of the labyrinth seal 108 may include a
dust and particle seal 200 between a radial outer end of the channel and the second
seal 112. The dust and particle seal 200 may also be called a gadget seal or a
clearance seal. The dust and particle seal 200 prevents dust and particles from
entering the labyrinth seal 108. The radial outer end of the labyrinth seal 108 refers
to the radially farthest point from the shaft 106 or the rotational axis of the electric
machine 10. The dust and particle seal 200 may be made from felt, polymer, plastic,
rubber, silicone, fiberglass or the like, for example.

In an embodiment examples of which are illustrated in Figures 3 and 4,
the sealing arrangement may have a limiter 300 within the channel of the labyrinth
seal 108. In Figures 3 and 4, the second seal 112 has a shape resembling that of the
letter u which is put on its side. One side and the bottom of the seal 112 are attached

to the first part 104. In Figure 3, another side is in contact with the second part 102
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because of the spring force and slow or no rotation of the electric machine 10. In
Figure 4, there is the gap 12 between the second seal 112 and the second part 102
because of high enough a rotation speed of the electric machine 10. The limiter 300
limits a radial movement of the second seal 112 caused by the centrifugal force.
The limiter 300 thus limits a maximum size of the gap 120. Because of the limitation
of the radial movement of the second seal 112, the second seal 112 stays put and is
thus effective and long lasting.

In an embodiment, the sealing arrangement may comprise a lubricant
transfer hole 500 which may form a connection between the channel of the
labyrinth seal 108 and a bearing of the electric machine 10 and receive used
lubricant from the bearing. The hole 500 may be in in an axial direction. The sealing
arrangement may comprise an output hole 502 for expulsing the used lubricant
which has entered the labyrinth seal 108. The expulsion depends on rotation speed
of the electric machine 100 and thus the centrifugal force which pushes the
lubricant outwards through the opening of the labyrinth seal 108 which is radially
further away from the rotational axis. The lubricant may be grease, oil or the like
for reducing friction in the bearing.

In an embodiment illustrated in Figure 5, the lubricant transfer hole 500
may be at a radial inner end of the channel of the labyrinth seal 108. That is, the
lubricant transfer hole 500 may be close or adjacent to the shaft 106. Also in this
case, the centrifugal force pushes the lubricant outwards through the opening of
the labyrinth seal 108 which is radially further away from the rotational axis.
Lubrication of the bearing may be performed while the electric machine 10 is
running.

In an embodiment illustrated in Figure 5, the channel of the labyrinth
seal 108 may be tapered between the second seal 112 and the radial inner end. In
an embodiment, the channel of the labyrinth seal 108 may be tilted between the
second seal 112 and the lubricant transfer hole 500. The tilt makes it easier to
remove the lubricant from the labyrinth seal 108 with the centrifugal force.

In an embodiment, the channel of the labyrinth seal 112 may comprise

a groove 504 between a radial outer end and the second seal 112. In an
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embodiment, the ring-shaped groove 504 may reside between the gasket seal 200
and the second seal 112. In an embodiment, the output hole 502 may face the
groove 504.

In an embodiment, the groove 504 may be in the first part 104 rotatable
with respect to a shaft 106 of the electric machine 10.

In an embodiment, the groove 504 may be in a section 110 of the
channel of the labyrinth seal 108 a normal of which has a component parallel to the
radial direction.

In an embodiment, a radial section 110’ of the channel of the labyrinth
seal 108 between the outer end of the labyrinth seal 108 and the second seal 112
is the longest of the plurality of sections 110. In this manner, the centrifugal force
is strong and keeps dust, water and all other undesired stuff away from the electric
machine 10 when the electric engine 10 is running. The gap 120 closed by the
second seal 112 on the basis of the spring force, in turn, keeps dust, water and all
other undesired stuff away from the electric machine 10 when the electric engine
10 is running slowly or has been stopped.

In an embodiment illustrated in Figures 3 and 4, an O-ring 510 may be
used between the shaft 106 and the first part 104. The O-ring 510 may be made of
metal. In an embodiment, the O-ring 510 may be made of polymer or rubber, for
example.

Figure 6 is a flow chart of the manufacturing method for the sealing. In
step 600, a plurality of zig-zag sections 110 of a labyrinth seal 108 are formed
between a first part 104 attached to a rotatable shaft 106 and a second part 102
immobile with respect to a stator of the electric machine 10 in a radial direction of
the electric machine 10. In step 602, a second seal 112 is attached to the first part
104 in the channel of the labyrinth seal 108, the second seal 112 comprising an
elastic material part 114 which is pressed, by the spring part 116 in the radial
direction, the elastic material part 114 against a surface 118 of the second part 102
at rotational speeds a centrifugal force of which to the second seal 112 is weaker
than a spring force of the spring part 116, a normal of the surface 118 having a

component parallel to the radial direction, and opening a gap 120 between the
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force of which to the second seal 112 is greater than the spring force of the spring
part 116.

Figure 7 is a flow chart of the sealing method of an electric machine. In
step 700, first sealing is performed using a plurality of zig-zag sections 110 of a
labyrinth seal 108 between a first part 104 attached to a rotatable shaft 106 and a
second part 102 immobile with respect to a stator of the electric machine 10 in a
radial direction of the electric machine 10. In step 702, second sealing is performed
using a second seal 112 attached to the first part 104, the second seal 112 residing
within the channel of the labyrinth seal 108 and comprising an elastic material part
114. In step 704, the elastic material part 114 is pressed against a surface 118 of
the second part 102 at rotational speeds a centrifugal force of which to the second
seal 112 is weaker than a spring force of the second seal 112 in the radial direction
by the spring part 116, a normal of the surface 118 having a component parallel to
the radial direction. In step 706, a gap 120 is opened between the elastic material
part 114 and said surface 118 at rotational speeds the centrifugal force of which to
the second seal 112 is greater than the spring force of the second seal 112.

It will be obvious to a person skilled in the art that, as technology
advances, the inventive concept can be implemented in various ways. The
invention and its embodiments are not limited to the example embodiments

described above but may vary within the scope of the claims.
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Claims

1. A sealing arrangement for an electric machine, characterized
in that the sealing arrangement between a first part (104) attached to a rotatable
shaft (106) and a second part (102) immobile with respect to a stator of the electric
machine (10) comprises a plurality of zig-zag sections (110) of a channel of a
labyrinth seal (108) in a radial direction of the electric machine (10);

the channel of the labyrinth seal (108) includes a second seal (112)
which is fixedly attached to the first part (104) and which has an elastic material
part (114), the second seal (112) being configured to press in the radial direction
against a surface (118) of the second part (102), a normal of which has a
component parallel to the radial direction, at rotational speeds a centrifugal force
of which to the second seal (112) is weaker than a spring force of the second seal
(112), and the second seal (112) being configured to open a gap (120) between the
second seal (112) and said surface (118) at rotational speeds the centrifugal force
of which to the second seal (112) is greater than the spring force of the second seal

(112).

2.The sealing arrangementofclaim 1, characterized in thatthe
channel of the second seal (112) includes a gasket seal (200) between a radial outer

end of the labyrinth seal (108) and the second seal (112).

3. The sealing arrangementof claim 1, characterized in thatthe
sealing arrangement has a limiter (300) within the channel of the labyrinth seal
(108), the limiter (300) being configured to limit a radial movement of the second
seal (112) on the basis of the centrifugal force thereby liming a maximum size of

the gap (120).

4. The sealing arrangementof claim 1, characterized inthatthe
sealing arrangement comprises a lubricant transfer hole (500) which is configured
to form a connection between the channel of the labyrinth seal (108) and a bearing

of the electric machine (10) and receive used lubricant from the bearing, and the
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used lubricant from the labyrinth seal (108).

5. The sealing arrangementof claim 1, characterized in thatthe

lubricant transfer hole (500) is at a radial inner end of the labyrinth seal (108).

6. The sealing arrangement of claim 1, characterized in that
channel of the labyrinth seal (108) is tilted between the second seal (112) and the
radial inner end of the labyrinth seal (108).

7. The sealing arrangement of claim4, characterized in thatthe
channel of the labyrinth seal (108) comprises a groove (504) between a radial

outer end of the labyrinth seal (108) and the second seal (112)

8. The sealing arrangementof claim7, characterized in thatthe
groove (504) is in the first part (104) rotatable with the shaft (106) of the electric
machine (10).

9. The sealing arrangement of claim7, characterized inthatthe
groove (504) is in a section (110) of the channel a normal of which has a component

parallel to the radial direction.

10. The sealing arrangement of claim 1, characterized inthata
radial section (110’) of the channel of the labyrinth seal (108) between the outer

end and the second seal (112) is the longest of the plurality of sections (110).

11. The sealing arrangement of claim 1, characterized in that
the second seal (112) comprises a spring part (116) configured to press, in the
radial direction, the elastic material part (114) against a surface (118) of the
second part (102), a normal of which has a component parallel to the radial

direction.

12. A method of manufacturing a sealing arrangement for an electric
machine, characterized by forming (600) a plurality of zig-zag sections

(110) of a labyrinth seal (108) between a first part (104) attached to a rotatable
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shaft (106) and a second part (102) immobile with respect to a stator of the electric
machine (10) in a radial direction of the electric machine (10);

attaching (602) a second seal (112) to the first part (104) in the channel
of the labyrinth seal (108), the second seal (112) comprising an elastic material
part (114) for pressing, in the radial direction, against a surface (118) of the second
part (102) at rotational speeds a centrifugal force of which to the second seal (112)
is weaker than a spring force of the second seal (112), a normal of the surface (118)
having a component parallel to the radial direction, and opening a gap (120)
between the second seal (112) and said surface (118) at rotational speeds the
centrifugal force of which to the second seal (112) is greater than the spring force

of the second seal (112).

13. A method of a sealing an electric machine, characterized by
performing (700) first sealing by a plurality of zig-zag sections (110) of a labyrinth
seal (108) between a first part (104) attached to a rotatable shaft (106) and a
second part (102) immobile with respect to a stator of the electric machine (10) in
a radial direction of the electric machine (10);

performing (702) second sealing by a second seal (112) attached to the
first part (104) and residing within the channel of the labyrinth seal (108), the
second seal (112) comprising an elastic material part (114);

pressing (704), by in the radial direction, the elastic material part (114)
against a surface (118) of the second part (102) at rotational speeds a centrifugal
force of which to the second seal (112) is weaker than a spring force of the second
seal (112), a normal of the surface (118) having a component parallel to the radial
direction; and

opening (706) a gap (120) between the elastic material part (114) and
said surface (118) at rotational speeds the centrifugal force of which to the second

seal (112) is greater than the spring force second seal (112).
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