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cavity (53). The second bushing (61) having a second
cavity (65) being coaxial with a second eccentric axis
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configured to rotate individually with different relative

velocities whereby the distance between the second
center axis and the first eccentric axis varies.

A drive mechanism is configured for rotating the
second bushing (61). The drive mechanism comprising
afirstgearring (63) configured for engaging with a driving
means. The first gear ring (63) and the second bushing
(61) are rotationally coupled by a flexible coupling (64),
said flexible coupling configured to accommodate for an
angular and/or axial misalignment of the first rotational
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Description
Field of invention

[0001] The present invention relates to a bushing as-
sembly for an eccentric crushing machine. The invention
also relates to a drive mechanism configured for ec-
centric adjustment of a rotating element. The invention
further relates to an eccentric crushing machine compris-
ing the bushing assembly and/or the drive mechanism.
Additionally, the invention also relates to a method carry-
ing out maintenance of an eccentric crushing machine.

Background

[0002] Eccentric crushing machines such as cone
crushers and gyratory crushers are used for crushing
ore, mineral and rock material to smaller sizes. Typically,
the eccentric crushing machine has a frame which in a
lower portion comprises a bushing housing. An eccentric
bushing is located in the bushing housing and a lower
portion of an elongated main shaft is arranged in the
eccentric bushing. A crushing head is mounted upon
the elongated main shaft above the lower portion of
the main shaft. A first crushing shell is mounted on the
crushing head. A second crushing shellis mounted on the
frame which is stationary and spaced from the first crush-
ing shell. The first and second crushing shells define
together a crushing gap through which the material to
be crushed is passed.

[0003] Adrive assembly is arranged to rotate the shaft
about the lower portion of the shaft, and due to the
eccentric bushing, this causes the crushing head to per-
form a gyratory pendulum movement and to crush the
material introduced in the crushing gap between the
stationary second crushing shell and the moving first
crushing shell.

[0004] In the state-of-the-art crushing machines, the
eccentricity is based on the set and fixed positioning
during installation, where the eccentricity is defined
based on the shaft and bushing setup prior to startup.
The adjustmentis carried outin steps. Ifthe eccentricity is
to be changed, the task requires the machine to be shut
down, which results in lower overall availability and high-
er costs in operation. The adjustment work is time-con-
suming and must sometimes be carried out by personnel
in the confined space, which poses a safety risk.
[0005] The eccentricity can have a significantinfluence
on throughput and product size and is an important
process parameter that must be adjusted depending
on the task.

[0006] It would be advantageous to provide a bushing
assembly for an eccentric crushing machine which allows
for easier, faster, and reliable adjustment of eccentricity in
a safe manner.
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Summary of the invention

[0007] With this background, it is therefore an object of
the present invention to provide an improved bushing
assembly for an eccentric crushing machine, an ec-
centric crushing machine comprising such a bushing
assembly, and a method of utilizing such a bushing
assembly.

[0008] Inafirst aspect, the invention relates to a bush-
ing assembly for an eccentric machine. The eccentric
machine may preferably be a crushing machine suchas a
gyratory crusher or a cone crusher.

[0009] The bushing assembly comprising a first bush-
ing having a first center axis and a first eccentric axis. The
first bushing further comprising a first cavity being coaxial
with the first eccentric axis.

[0010] The bushing assembly further comprising a
second bushing having a second center axis, a second
eccentric axis, and a second cavity. The second cavity
being coaxial with the second eccentric axis. The second
bushing is suitable for being located at least partially in
the first cavity and being rotatably with respect to the first
bushing. Both of the first bushing and second bushing
being configured for rotation around their center axis.
[0011] The first bushing and second bushing are con-
figured to rotate with different relative velocities whereby
the distance between the first center axis and the second
eccentric axis vary, such as between a max eccentricity
position and a zero-eccentricity position.

[0012] The second bushing may be position in the first
cavity such that the second center axis is coaxial with the
first eccentric axis.

[0013] The first bushing may be configured for attach-
ment with an eccentric machine, such as in a bushing
housing of an eccentric machine, in particular the bush-
ing housing of a gyratory crusher or cone crusher.
[0014] The zero-eccentricity position refers to when
the distance between the first center axis and the second
eccentric axis are at a minimum. The max eccentricity
position refers to a distance when the first center axis and
the second eccentric axis are at their maximum distance
from each other.

[0015] The first cavity and second cavity may be coax-
ial with the first eccentric axis and second eccentric axis,
respectively. By this is meant that the cavity is positioned
centrally around the eccentric axis.

[0016] The bushing assembly according to the first
aspect of the invention allows for adjustment of the ec-
centric position of the second cavity, by rotating the first
bushing and second bushing at different rotational
speeds. Once the desired eccentric position is found,
the first bushing and second bushing may be rotated at
the same rotation velocity, whereby the second eccentric
axis circles the first center axis and maintains the desired
eccentricity.

[0017] If a shaftis provided into the second cavity, the
eccentricity can be adjusted such that the shaft may
move in circular motion around the first center axis.
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The radius of the circular motion may be adjusted by
changing the distance between the first center axis and
the second eccentric axis, i.e. adjust the bushing assem-
bly at or between max eccentricity or zero eccentricity. If
an upper portion of the shaft is maintained at a substan-
tially fixed position at the first center axis, the shaft will be
angled as the eccentricity is adjusted.

[0018] The first bushing and the second bushing may
have a cylindrical shape where the first cavity and the
second cavity are located in the end surfaces of the first
bushing and the second bushing. The first cavity and
second cavity are preferably a cylindrical recess but may
also be a through hole.

[0019] The first eccentric axis is an axis parallel to the
first center axis, but different from the first center axis.
[0020] It may thus be said that the first cavity is located
off center in the first bushing.

[0021] In one or more embodiments, the bushing as-
sembly may be configured such in the zero-eccentricity
position the second center axis is substantially coaxial
with the first eccentric axis and the second eccentric axis
is coaxial with the first center axis.

[0022] In this configuration of the bushing assembly,
the eccentricity of the first bushing and second bushing
balance each other in the "zero eccentric position". In the
zero eccentric position, itmay be possible to insert a shaft
centrally in the bushing and after insertion move the shaft
into the desired eccentric position. This allows for easy
installation and removal. It also requires less energy in
start-up operations since the weight of the shaft is cen-
tralized, i.e. the tore is lower.

[0023] Inone or more embodiments, the second cavity
comprising at least a first portion of a spherical bearing
arrangement. Preferably, the second cavity comprising
an outer portion of a spherical bearing arrangement
which may/may not be integral with second bushing. A
second portion of the spherical bearing may be attached
to a shaft such that the shaft may easily be inclined with
respect to the second center axis.

[0024] In one or more embodiments, the bushing as-
sembly comprises a spherical bearing arrangement. The
spherical bearing arrangement may be configured for
attachment with a shaft, thereby allowing the shaft to
be inclined with respect to a center axis or eccentric axis
of the bushing assembly.

[0025] Inone or more embodiments, the second cavity
has an at least partially concave inner surface integral
with the second bushing. Alternatively, the second cavity
comprises a liner having an at least partially concave
inner surface. The liner preferably has an outer surface
matching the inner surface of the second cavity and may
be configured for being reliably fastened therein. Reliably
fastening may be achieved by pressing, radial fasteners,
retaining rings or bolts. The liner may be composed of
one or more parts which together covers the inner cir-
cumference of the second cavity. When a liner is utilized
to achieve the concave inner surface, the second cavity
may have cross section which are circular, square or
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even a polygon such as a pentagon or hexagon.
[0026] The atleast partially concave inner surface may
function as an outer portion of a spherical bearing ar-
rangement wherein the spherical bearing arrangement
comprises at least an inner portion and an outer portion.
In one or more embodiments, the inner portion of the
spherical bearing arrangement is accommodated in the
second cavity and in contact with the concave inner
surface. The inner portion of the spherical bearing ar-
rangement may be located on a shaft such that the shaft
is allowed angular movement with respect to the first
center axis. Thus, in one or more embodiment, the bush-
ing assembly comprises a spherical bearing arrange-
ment located in the second cavity. A spherical bearing
arrangement typically comprises at least an inner portion
and an outer portion moveably attached to each other to
permit for angular rotation.

[0027] Ingyratory crushers, alower portion of a shaftis
inserted into the second cavity while an upper portion of
the shaftis substantially fixed at a point on the first center
axis. When the lower portion of the shaft is moved to an
eccentric position in a spherical bearing arrangement,
the shaft is inclined with respect to the first central axis.
The maximum inclination is provided in the max eccentric
position while the minimum inclination is provided in the
zero eccentric position. Typically, the shaft would be
parallel to the first center axis in the zero eccentric posi-
tion. This allows for the shaft to be removed and inserted
into the bushing assembly in a vertical direction which
makes alignment and installation easier.

[0028] In one or more embodiments, the bushing as-
sembly comprising a shaft sleeve with a convex outer
surface. The shaft sleeve may be used to provide a shaft
with a convex outer surface which mutually corresponds
to the concave shape in the second cavity. The shaft
sleeve may comprise one or more sleeve parts which can
be attached and fastened onto the outer surface of the
shaft.

[0029] In one or more embodiments, the bushing as-
sembly additionally comprises a shaft. The shaft may
have an elongated shape, such as a cylindrical shape.
The shaft may comprise a convex outer surface.

[0030] The convex outer surface mutually correspond-
ing to the concave inner surface of the second cavity
which allows the convex outer surface of the shaft to roll
upon contact with the concave inner surface of the sec-
ond cavity, and thus form the spherical bearing arrange-
ment.

[0031] The curvature of the convex and concave
shapes may depend on the application. For applications
in gyratory crushers and cone crushers, it may be suffi-
cient to enable the shaft to incline from 0° to 5° degrees
relative to the first center axis. For this application, the
shaft may have a prolate spheroid shape, such as arugby
ball. For applications requiring more inclination, the con-
vex/concave shapes may be spheroids with more cur-
vatures or even spherical.

[0032] In an alternative embodiment, the shaft may be
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a typical cylindrical shaft comprising a shaft sleeve, said
shaft sleeve having a cylindrical inner surface corre-
sponding to the shaft and a concave outer surface cor-
responding to the inner surface of the second cavity.
[0033] The use of a sleeve or liner to achieve the
convex/concave surfaces of the spherical bearing ar-
rangement allows for cheaper replacement during main-
tenance.

[0034] Because the bearing assembly can be changed
between the max eccentric position and zero eccentric
position, there are several advantages such as:

- The crusher may start up without eccentricity which
significantly reduces forces of inertia and start up
torque. The eccentricity can be increased continu-
ously so the drive can start up load-controlled

- lower starting torque required for start-up after emer-
gency shutdown where the crushing chamber is filled
with material. This also protects the bushings and the
drive-train of the crusher

- Eccentricity can be adjusted during operation of the
machine without shut down of the machine which
may improve output and efficiency.

[0035] In one or more embodiments, the first bushing
comprises drive engaging means. The drive engaging
means may be a toothed surface for engaging in a bevel
gear. It may also be a gear component, such as a ring
gear, connected to the first bushing. The toothed surface
may be provided by attaching a gear component to the
first bushing. The toothed surface may as an example be
provided on an upper or lower surface of the flange.
[0036] It should be said that if the shaft is intended for
receiving a shaft sleeve, the shaft could have any shape
suitable for receiving a shaft sleeve. In theory, the shaft
could have a square cross section or even a cross section
as a polygon, such as a pentagon or hexagon.

[0037] According to another aspect, the invention re-
lates to a drive mechanism for a crusher. The drive
mechanism comprising a first gear ring and a bushing
(61). The first gear ring has a surface configured for
engaging with a driving means, such as but not limited
to a drive pinion. The first gear ring is rotatable with
respect to a first rotational axis and the bushing being
rotatable with respect to a second rotational axis.
[0038] The first gear ring and the bushing are rotation-
ally coupled by a flexible coupling. The flexible coupling
being configured to accommodate for an angular and/or
axial misalignment of the first rotational axis and second
rotational axis.

[0039] The drive mechanism may be configured such
that the first rotational axis is different from the second
rotational axis.

[0040] In one or more embodiments, the flexible cou-
pling is configured as an Oldham coupling. In particular,
the flexible coupling may comprise a second gear ring.
The second gear ring may comprise one or more tongues
or grooves configured for mutually engaging with one or
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more tongues or grooves in the first gear ring and/or the
bushing. This allows the second gear ring to be offset with
respect to the first gear ring and the bushing and to
accommodate for angular and/or axial misalignment of
the first rotational axis and second rotational axis.
[0041] According to another aspect, the invention re-
lates to an eccentric crushing machine such as a gyratory
crusher or a cone crusher. The eccentric crushing ma-
chine may comprise the bushing assembly and/or the
drive mechanism according to other aspects of this in-
vention.

[0042] The eccentric crushing machine may comprise
a bushing housing for accommodating the bushing as-
sembly and a shaft configured for being encompassed in
the second bushing.

[0043] In one or more embodiments, the eccentric
crushing machine comprises an additional drive assem-
bly configured to engage with and rotate the first bushing.
The drive assemblies allow the first bushing and the
second bushing to be rotated independently, such that
they are rotatable at the same rotational velocity or with a
different relative rotational velocity.

[0044] In one or more embodiments, the eccentric
crushing machine is configured to adjust the inclination
of the shaft between 0° and 5° with respect to the first
center axis, by rotating the first bushing and second
bushing at different rotational speeds.

[0045] The drive mechanisms may be powered by
separate motors. By providing rotation to the bushings
by a plurality of motors, preferably electric motors, lowers
the power requirements of the individual motors and thus
smaller and less expensive motors can be used.

[0046] According to yet another aspect, the invention
relates to a method of carrying out maintenance to the
eccentric crushing machine, in particular to shaft, the
bushing assembly and/or driving drive mechanism of
the eccentric crushing machine.

[0047] The method comprising the steps of:

a) adjusting the eccentricity of the eccentric crushing
machine towards the zero eccentric position, such

that the eccentricity is minimized or even cancelled;

b) extracting the main shaft, optionally comprising
the spherical bearing, from the bearing assembly;

c) positioning driving means, such as drive pinions,
to clear space for extraction of the bushing assem-
bly;

d) removing at least a portion of the drive mechan-
ism, i.e. the first gear ring and the flexible coupling;

e) removing the second bushing;
f) removing the first bushing.

[0048] It should be noted that the method may be
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stopped after any of the steps if a full maintenance is not
required. It may for example be desired only to extract the
main shaft to inspect/repair the cone of a gyratory
crusher, while maintaining the bushings in place - there-
fore only carrying out steps a) and b).

[0049] By carrying out the extraction method while the
eccentric crushing machine is configured in the zero
eccentric position allows the main shaft to be extracted
while being substantially coaxial with the second center
axis, i.e., in a vertical direction. This allows for much
easier extraction and less risk of damaging components
in the eccentric crushing machine.

[0050] To assemble the eccentric crusher, the steps
may be carried out in the opposite order, i.e.:

a) inserting the first bushing;
b) inserting the second bushing;

c) inserting the drive mechanism, i.e. the first gear
ring and the flexible coupling;

d) positioning the driving means in an engaged posi-
tion;

e) inserting the main shaft, and optionally the sphe-
rical bearing into the bearing assembly.

[0051] Itshould be noted that the maintenance may be
carried out as either top or bottom service, depending on
the configuration of the crushing machine.

[0052] The driving means may be positioned by pulling
itin aradial direction away from the center of the eccentric
crushing machine.

Brief description of drawings

[0053] The invention will be described in more detail
below by means of non-limiting examples of presently
preferred embodiments and with reference to the sche-
matic drawings, in which:

Fig. 1 shows a perspective view of a gyratory crusher
in partaccording to one embodiment of the invention;

Fig. 2 shows a cross sectional view of a gyratory
crusher in part according to one embodiment of the
invention;

Fig. 3 shows a schematic cross-sectional view of a
bushing assembly according to one embodiment of
the invention arranged in the zero-eccentric position;

Fig. 4 shows a schematic cross-sectional view of a
bushing assembly according to one embodiment of
the invention arranged in the maximum eccentric
position.

10

15

20

25

30

35

40

45

50

55

Detailed Description

[0054] Fig. 1 shows a section of a gyratory crusher 1,
having a frame 2 defining the exterior of the gyratory
crusher 1. A crushing shell (not shown), also referred to
astheliner, is attached to the inner surface of the frame 2.
A bushing housing 4 is located in a lower portion of the
frame 2 and attached to the frame 2. The bushing housing
4 has a cylindrical shaped cavity suitable for accommo-
dating a bushing assembly 50. The bushing assembly
comprising a first bushing 51 located in the cavity of the
bushing housing 4. The first bushing 51 has a flange 52
located in the upper portion of the first bushing. The
flange 52 has top surface for supporting the second
bushing 61. The second bushing 61 has a flange 62
configured to support the first (upper) gear ring 63 and
the second (lower) gear ring 64.

[0055] The second gear ring 64 is positioned between
the second bushing 61 and the first gear ring 63 and
provides a flexible connection between the first gear ring
63 and the second bushing 61 allowing them to have
angular and/or axial misalignment. The flexible proper-
ties are achieved by configuring the first gear ring 63, the
second gear ring 64 and the second bushing 61 as an
Oldham coupling. The second bushing 61 comprises
oppositely arranged grooves on its upper surface and
the second gear ring 64 comprises matching tongues on
its lower surface which together form the flexible joints
90a and 90b allowing for misalignment in a first direction.
[0056] The second gear ring 64 also comprises ton-
gues onits upper surface. These tongues are placed with
a 90° offset compared to the ones on the lower surface.
The first gear ring 63 comprises matching grooves on its
lower surface which together with the tongues form the
flexible joints 91a and 91b allowing for misalignmentin a
direction perpendicular to the first direction. Together the
flexible joints 90 and 91 allow for misalignment in two
dimensions between the second bushing 61 and the first
gear ring 63.

[0057] An elongated shaft 7 is arranged in the bushing
assembly 50. A crushing head 8 is mounted upon the
elongated shaft 7. A crushing shell (not shown) is
mounted on the crushing head 8.

[0058] The crushing shell mounted on the frame is
stationary and spaced from the crushing shell mounted
on the crushing head 8. The first and second crushing
shells define together a crushing gap through which the
material to be crushed is passed.

[0059] Turning now to Fig. 2 showing a cross sectional
view of a bottom portion of a crusher similar to that
depicted in Fig. 1. It can be seen that the crusher com-
prises a bushing assembly 50 having a spherical bearing
arrangement 60, provided by a conical sleeve provided
onto an outer surface of the shaft 7 and a convex inner
surface 65 of the second bushing 61.

[0060] Fig. 3 shows a schematic cross-sectional view
showing a simplified and exaggerated view of the bush-
ing assembly 50. In both Fig. 2 and Fig. 3, the bushing
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assembly 50 is arranged in a zero-eccentricity position.
The first bushing 51 has a cylindrical outer surface with a
flange 52 protruding radially from an upper portion of the
first bushing 51. An upper surface of the flange 52 is
configured for supporting the second bushing 61. The
first bushing 51 has a cavity 53 located off-center in the
first bushing 51. The cavity 53 has a substantially cylind-
rical inner surface 54 foraccommodating a second bush-
ing 61. The second bushing 61 has a cylindrical outer
surface mutually corresponding to the inner surface 54 of
the first bushing 51. During intended use of the bushing
assembly, there is a small gap between the bushings for
accommodating a lubricant and allowing relative rotation
of the bushings. The second bushing 61 has a cavity 65
located at an off-center position in the second bushing 61,
said cavity 65 suitable for accommodating a shaft 7.
[0061] The solid line 100 shows the diameter (width) of
the first bushing 51. The center axis 105 is marked on the
solid line 100 by point 101. An eccentric axis 106 shows
the center of the cavity 53 in the first bushing. The ec-
centric axis 106 is marked on the solid line 100 by point
102.

[0062] The dotted line 200 shows the diameter (width)
of the second bushing 61. The second center axis 205 of
the second bushing is marked on the line 200 by point
201. A second eccentric axis 206 is marked on the dotted
line 200 by point 202. The cavity 65 is defined centrally
around the eccentric axis 206.

[0063] Inthis embodiment of the invention, the second
center axis 205 is substantially coaxial with the first
eccentric axis 106.

[0064] The firstbushing 51 and second bushing 61 are
configured to rotate around their respective center axis’
(101, 201). When the angular velocity of the first bushing
51 and the second bushing 61 are equal the relationship
between the center axis’s (101, 201) and the eccentric
axis’ (106, 206) are constant. In the embodiment shown
in Fig. 3, the first eccentric axis (102) and second center
axis (205) will rotate around the first center axis (105) in a
circular path. This configuration shown in Fig. 3 is re-
ferred to as the zero eccentric position.

[0065] When the first bushing 51 and second bushing
61 are rotated with different relative angular velocities,
the relationship between the center axis’s (101,201) and
the eccentric axis’ (106, 206) change. This is shown in
Fig. 4 which shows a max eccentricity position. The max
eccentricity position is achieved when the second bush-
ing 61 is rotated with 180° compared to the zero eccentric
position.

[0066] The eccentricity may also achieve intermediate
positions if the bushing is rotated with between 1° and
179° with respect from the zero eccentric position.
[0067] Typically, an upper portion of the shaft 7 is
maintained in a constant position (typically on the center
axis 101) by means of a spider (not shown). As the lower
portion of the shaft is positioned with an offset to the
center axis 101, the shaft is inclined with respect to the
center axis 101.
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[0068] Inboth embodiments shown in Fig. 3 and Fig. 4,
the bushing assembly 50 is configured such that the
second center axis 205 is substantially coaxial with the
firsteccentric axis 106. This provides a bushing assembly
where the eccentricity of the first bushing 51 and second
bushing 61 cancel out each other in the zero eccentric
position. Thus, the shaft 7 is maintained at the same
position while rotating the first bushing 51 and second
bushing 61 at same angular velocities in the zero ec-
centric position.

[0069] Inthe embodiments shown in Fig. 3 and Fig 4,
the bushing assembly is configured with a spherical
bearing arrangement 60 composed of an inner surface
ofthe second cavity 65 and an outer surface of the shaft 7.
Particularly, this is achieved by the second cavity 65
having a concave inner surface 66. Alternatively, the
second cavity 65 may comprises a liner providing the
concave inner surface. The concave inner surface 66 in
combination with a shaft 7 having a mutually correspond-
ing convex outer surface 71 allows the shaft to be easily
inclined with respect to the eccentric axis 206. Typically,
the inclination of the shaft would be from 0° to 3° or from 0°
to 5°.

[0070] The first bushing 51 comprises drive engaging
means in the form of a toothed surface 55 for engaging
with a corresponding surface on a drive pinion 80. The
rotation of the second bushing 61 is achieved by rotating
the first gear ring 63 which comprises drive engaging
means in the form of a toothed surface 67. A second drive
pinion 81 is configured to engage with the toothed surface
67. The second gear ring 64 is configured as a flexible
coupling and provides rotational motion from the first
gear ring 63 to the second bushing 61. The flexible
connection, allowing for misalignment between the sec-
ond bushing 61 and the first gear ring 63 is achieved by
the flexible joints 91a and 91b and the flexible joints 90a,
90b which are not visible on Fig. 3 and Fig. 4.

[0071] Thetoothed surface 67 ofthe upper gearring 63
may be located on a surface facing substantially upwards
or downwards of the gear ring 63. In Fig. 3 and Fig. 4, the
toothed surface is shown on a surface facing substan-
tially upwards, but it may be configured on a surface
facing substantially downwards as the toothed surface
55 on the first bushing 51.

[0072] During intended operation of the crusher, the
eccentricity is set by initially rotating the second bushing
61 relative to the first bushing 51. Once the desired
eccentric is achieved, the first bushing 51 and second
bushing 61 are rotated with a relative angular velocity of
0. This provides an eccentric movement of the shaft and
mantle at a constant eccentricity.

[0073] To adjust the eccentricity, the relative angular
velocity of the first bushing 51 and second bushing 61 is
changed to a value different from O.
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Claims

A bushing assembly (50) for an eccentric machine
such as a gyratory crusher (1), the bushing assembly
(50) comprising:

a first bushing (51) having a first eccentric axis
(106) and a first center axis (105), the first bush-
ing (51) further comprising a first cavity (53)
being coaxial with the first eccentric axis (106)
and being configured for accommodating a sec-
ond bushing (61),

a second bushing (61) having a second ec-
centric axis (206) and a second center axis
(205), the second bushing (61) further compris-
ing a second cavity (65) suitable for accommo-
dating a shaft (7), the second cavity (65) being
coaxial with the second eccentric axis (206), the
second bushing (61) located at least partially in
the first cavity (53) and being rotatable with
respect to the first bushing (51),

the first bushing (51) being rotatable around the
first center axis (105) and the second bushing
(61) being rotatable around the second center
axis (205),

characterized in that

the first bushing (51) and second bushing (61)
are configured to rotate with different relative
velocities whereby the distance between the
second center axis (205) and the first eccentric
axis (106) may vary.

The bushing assembly (50) for an eccentric machine
according to claim 1, wherein the second center axis
(205) being substantially coaxial with the first ec-
centric axis (106).

The bushing assembly (50) for an eccentric machine
according to claim 1 or claim 2 wherein the second
cavity (65) has an at least partially concave inner
surface (66) or wherein the second cavity (65) com-
prises a liner having an at least partially concave
inner surface.

The bushing assembly (50) for an eccentric machine
according to any previous claim, wherein the bush-
ing assembly (50) comprises a spherical bearing
arrangement located in the second cavity (65).

The bushing assembly (50) for an eccentric machine
according to claims 3 to claim 4, wherein an outer
portion of the spherical bearing arrangement can be
integral with the second bushing (61).

The bushing assembly (50) for an eccentric machine
according to any previous claim, wherein the first
bushing (51) comprising drive engaging means, pre-
ferably as a toothed surface for engaging in a bevel

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

gear.

The bushing assembly (50) for an eccentric machine
according to any previous claim further comprising a
shaft (7), said shaft being coupled to the second
bearing (61) by means of the spherical bearing ar-
rangement.

The bushing assembly for an eccentric machine
according to claim 7 wherein a portion of the shaft
has a convex outer surface (71) or the shaft (7)
comprises a shaft sleeve attached to an outer sur-
face of the shaft, said shaft sleeve having a convex
outer surface.

A drive mechanism for a crusher comprising a first
gear ring (63) and a bushing (61), the first gear ring
(63) having a surface configured for engaging with a
driving means, such as a drive pinion,

the first gear ring (63) being rotatable with re-
spect to a first rotational axis and the bushing
being rotatable with respect to a second rota-
tional axis which may be different from the first
rotation axis,

wherein, the first gear ring (63) and the bushing
(61) are rotationally coupled by a flexible cou-
pling, said flexible coupling configured to ac-
commodate for an angular and/or axial misalign-
ment of the first rotational axis and second rota-
tional axis.

The drive mechanism according to claim 9, wherein
the first rotational axis may be different from the
second rotational axis.

The drive mechanism according to claims 9 to 10,
wherein the flexible coupling is configured as an
Oldham coupling.

The drive mechanism according to claims 9 to 11,
wherein the flexible coupling comprises a second
gear ring (64) said second gear ring (64) comprising
one or more tongues or grooves configured for mu-
tually engaging with one or more tongues or grooves
in the first gear ring (63) and/or the bushing (61).

A crusher, such as a gyratory crusher (1) or a cone
crusher comprising a bushing assembly (50) accord-
ing claims 1 to 8 and/or a drive mechanism according
to claims 9 to 12.

The crusher according to claim 13 further comprising
a bushing housing (4) for accommodating the bush-
ing assembly (50) and a shaft (7) configured for being
encompassed in the second bushing (61).

The crusher according to claims 13 to 14 comprising
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17.
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the bushing assembly (50) and drive mechanism
according to claim 9 to 12, such that the first bushing
(51)and second bushing (61) may be rotatable with a
relative angular velocity of 0 and different from 0.

The crusher according to claims 13 to 15 wherein the
shaft (7) is configured to be adjusted between 0° and
5° with respectto vertical, by rotating the first bushing
(51) and second bushing (61) at different angular
velocities by means of the driving mechanism.

A method of providing a shaft (7) into an eccentric
bushing assembly (50) comprising a first bushing
(51) having a first eccentric axis (106) and a first
center axis (105), the first bushing (51) further com-
prising a first cavity (53) being coaxial with the first
eccentric axis (106) and being configured for accom-
modating a second bushing (61),

a second bushing (61) having a second eccentric
axis (206) and a second center axis (205), the sec-
ond bushing (61) further comprising a second cavity
(65) suitable for accommodating a shaft (7), wherein
the eccentric bushing assembly (50) is configured to
vary between a max eccentricity position and a zero
eccentric position, the method comprising the steps
of:

positioning the bushing assembly (50) in the
zero eccentric position;

providing a shaft and position said shaft into the
second bushing while the shaft is oriented sub-
stantially vertical and coaxial with the second
center axis (205).
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