EP 2 692 442 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
05.02.2014 Bulletin 2014/06

(21) Application number: 12179085.1

(22) Date of filing: 02.08.2012

(11) EP 2 692 442 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:

B02C 2/00 (2006.0%)

(84) Designated Contracting States:
ALATBEBGCHCYCZDEDKEEESFIFRG
GRHRHUIEISITLILTLULVMC MKMTNLN
PL PT RO RS SE SI SK SM TR
Designated Extension States:

BA ME

ow

(71) Applicant: Sandvik Intellectual Property AB

811 81 Sandviken (SE)

(72) Inventors:

¢ Gunnarsson, Johan Karl
275 96 Sovde (SE)

* Belotserkovskiy, Konstantin
211 17 Malmé (SE)

(54)  Gyratory crusher outer crushing shell

(57)  Anoutercrushing shell 200) for a gyratory crush-
er configured with an eccentric wall thickness (A,B) so
as to provide anchorage or camming surfaces to prevent
rotation about the shell longitudinal axis (212). A support
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ring (403) and corresponding bearing surfaces (506,507)
of the gyratory crusher frame also comprise regions that
are eccentric relative to a rotational axis of the inward
facing crushing surface (203) of the outer shell to create
the friction lock.
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Description
Field of invention

[0001] The present invention relates to a gyratory
crusher outer crushing shell for use in a gyratory crusher
in which a mounting surface of the shell comprises acam-
ming region to inhibit the crushing shell rotating about its
longitudinal axis.

Background art

[0002] Gyratory crushers are used for crushing ore,
mineral and rock material to smaller sizes. Referring to
figure 1, a typical crusher comprises a frame 100 having
an upper frame 101 and a lower frame 102. A crushing
head 103 is mounted upon an elongate shaft 107. A first
crushing shell 105 is fixably mounted on crushing head
103 and a second crushing shell 106 is fixably mounted
attop frame 101. A crushing zone 104 is formed between
the opposed crushing shells 105, 106. A discharge zone
109 is positioned immediately below crushing zone 104
and is defined, in part, by lower frame 102.

[0003] Upper frame 101 may be further divided into a
topshell 111, mounted upon lower frame 102 (alterna-
tively termed a bottom shell), and a spider 114 that ex-
tends from topshell 111 and represents an upper portion
of the crusher. Spider 114 comprises two diametrically
opposed arms 110 that extend radially outward from a
central cap 112 positioned on a longitudinal axis 115 ex-
tending through frame 100 and the gyratory crusher gen-
erally. Arms 110 are attached to an upper region of top-
shell 111 via an intermediate annular flange 113 that is
centred around longitudinal axis 115. Typically, arms 110
and topshell 111 form a unitary structure and are formed
integrally.

[0004] Adrive (not shown)is coupled to main shaft 107
via a drive shaft 108 and suitable gearing 116 so as to
rotate shaft 107 eccentrically about longitudinal axis 115
and to cause crushing head 103 to perform a gyratory
pendulum movement and crush material introduced into
crushing gap 104.

[0005] Gyratory crushers are used for crushing ore,
mineral and rock material to smaller sizes. Typically, the
crusher comprises a crushing head mounted upon an
elongate main shaft. A first crushing shell is mounted on
the crushing head and a second crushing shell is mount-
ed on a frame such that the first and second crushing
shells define together a crushing gap through which the
material to be crushed is passed. A driving device is ar-
ranged to rotate an eccentric assembly arranged about
the lower portion of the shaft so as to cause the crushing
head to perform a gyratory pendulum movement and
crush the material introduced in the crushing gap.
[0006] The second or outer crushing shell may be
mounted at the frame in a number of ways. For example,
US 2010/0270409 describes a mounting ring positioned
intermediate between the frame and the shell. Further
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examples of outer shell mountings are described in EP
0050090; WO 2008/139020; US 5,350,125 and US
7,850,108.

[0007] However, rotational lock of the outer crushing
shell at the frame is typically provided by keys, pins or
bolts. These however create stress concentrations in the
crushing shell which, over time, result in shell failure and
subsequent replacement. What is required is a crushing
shell configuration that addresses the above problem.

Summary of the Invention

[0008] Itis an object of the presentinvention to provide
a gyratory crusher outer crushing shell that when mount-
ed in position at the frame is prevented from rotation
about its longitudinal axis without inducing high stress
concentrations in either the shell or its support structure.
[0009] The objective is achieved by providing an an-
chorage region at the outer crushing shell that is config-
ured to positionally lock the shell at its support structure
to prevent its axial rotation about a central longitudinal
axis. Importantly, stress concentrations created between
the outer crushing shell and its support are minimised
due to the present configuration of the anchorage region.
In particular, the anchorage region is formed by an outer
mounting surface ofthe crushing shell that creates acam-
ming region to abut against the support structure. In one
embodiment, the support structure comprises an inter-
mediate mounting ring whilst in further embodiments, the
support structure comprises the surrounding frame. The
camming surface region is provided by forming the outer
crushing shell with an eccentric cross sectional wall thick-
ness such that the rotational axis of the external facing
mounting surface is eccentric relative to a rotational axis
of the internal facing crushing surface. Accordingly, the
mounting surface would process around the rotational
axis of the crushing surface where it not for frictional lock-
ing contact with the surrounding support structure. Ac-
cordingly, the torque forces from the crushing shell are
transferred over a large circumferential part of the mount-
ing surface to reduce and eliminate any stress concen-
trations. That is, the anchorage and rotational lock of the
outer crushing shell is provided by the mounting surface
and the requirement for any tangential or radially orien-
tated keys or locking flanges is obviated together with
the creation of any unwanted stress concentrations.

[0010] According to a first aspect of the present inven-
tion there is provided a gyratory crusher outer crushing
shell comprising: a crushing surface to be orientated to-
wards an inner crushing shell; a mounting surface for
positioning against a support structure to, in part, retain
the position of the outer crushing shell within a gyratory
crusher; an elongate annular wall defined between the
crushing surface and the mounting surface, the wall ex-
tending around a longitudinal axis of the outer crushing
shell; characterised in that at a region along the length
of the outer crushing shell where the mounting surface
is configured to abut against the support structure, a
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cross sectional thickness of the wall perpendicular to the
longitudinal axis is eccentric relative to a rotational axis
of the crushing surface such that a rotational axis of the
mounting surface is eccentric relative to the rotational
axis of the crushing surface.

[0011] According to the eccentric wall thickness con-
figuration, the mounting surface is configured for preces-
sion about the rotational axis of the crushing surface and
to abut against the support structure and prevent the out-
er crushing shell rotating about the rotational axis of the
crushing surface.

[0012] Preferably, a cross sectional shape profile of
the crushing surface is substantially circular. Preferably,
a cross sectional shape profile of the mounting surface
is substantially circular.

[0013] Preferably, a region of the mounting surface in
the longitudinal direction relative to the longitudinal axis
is concave.

[0014] Preferably, the crushing shell further comprises
a first end intended to be positioned at an upper region
of the gyratory crusher and a second end intended to be
positioned at a lower position at the gyratory crusher rel-
ative to the first end, the eccentric cross sectional thick-
ness of the wall positioned at or towards the first end.
[0015] Optionally, the crushing shell further comprises
a first end intended to be positioned at an upper region
of the gyratory crusher and a second end intended to be
positioned at a lower position at the gyratory crusher rel-
ative to the first end, the eccentric cross sectional thick-
ness of the wall positioned substantially at a mid region
in the longitudinal direction between the first and second
ends.

[0016] According to a second aspect of the present
invention there is provided a gyratory crusher comprising:
a frame that, in part, defines an internal crushing zone;
an outer crushing shell as described herein mounted
within a region of the frame; an inner crushing shell
mounted upon a crushing head configured for gyroscopic
procession about a longitudinal axis extending through
the crushing zone.

[0017] Preferably, the support structure comprises a
mounting ring positioned around a region of the outer
crushing shell, the mounting ring having a support sur-
face orientated towards the rotation axis of the crushing
surface and configured to abut the mounting surface and
prevent the outer crushing shell from rotation about the
rotational axis. Optionally, the ring is mounted at or to-
wards the first end of the outer crushing shell. Optionally,
the ring is mounted at substantially the mid region be-
tween the first and second ends. Preferably, a rotational
axis of the mounting ring is eccentric relative to a rota-
tional axis of the crushing surface.

[0018] Optionally, a cross sectional shape profile of the
support surface is substantially circular. Preferably, the
mounting ring comprises at least one shoulder extending
radially outward relative to the longitudinal axis, the
shoulder configured to abut against a region of the frame
and prevent rotation of the mounting ring about the lon-
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gitudinal axis.

[0019] Optionally, the mounting ring comprises a first
annular flange projecting radially inward towards the lon-
gitudinal axis and the outer crushing shell comprises a
second annular flange projecting radially outward from
the shell annular wall, the first and second annular flang-
es configured to abut one another.

[0020] According to athird aspect of the presentinven-
tion there is provided a gyratory crusher outer crushing
shell comprising: a crushing surface to be orientated to-
wards an inner crushing shell; a mounting surface for
positioning against a support structure to, in part, retain
the position of the outer crushing shell within a gyratory
crusher; an elongate annular wall defined between the
crushing surface and the mounting surface, the wall ex-
tending around a longitudinal axis of the outer crushing
shell; characterised in that at a region along the length
of the outer crushing shell where the mounting surface
is configured to abut against the support structure, a
cross sectional thickness of the wall perpendicular to the
longitudinal axis is non uniform in the circumferential di-
rection relative to a rotational axis of the crushing surface
such that a cross sectional shape profile of the mounting
surface is non-circular to define an anchorage region to
inhibit rotation of the outer crushing shell about the lon-
gitudinal axis relative to the support structure.

[0021] Preferably, a cross sectional shape profile of
the support surface of the mounting ring orientated to-
wards the rotational axis of the crushing surface is non-
circular. Preferably, a cross sectional shape profile of the
contact surfaces atthe inner bearing surface of the crush-
er frame and the outer facing bearing surface of the an-
nular ring is non-circular.

Brief description of drawings

[0022] The presentinvention will now be described, by
way of example only, and with reference to the accom-
panying drawings in which:

Figure 1 is a cross-sectional side view of a prior art
gyratory crusher having an upper frame part and a
lower frame part, with the upper frame part formed
from a topshell and a spider;

Figure 2 is a perspective section view of an outer
crushing shell mounted within a frame of a gyratory
crusher according to a specificimplementation of the
present invention;

Figure 3 is afurther section view of the outer crushing
shell of figure 2;

Figure 4 is a perspective section view of an outer
crushing shell mounted within a gyratory crusher ac-
cording to a further embodiment of the present in-
vention;
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Figure 5is a further section view of the outer crushing
shell of figure 4.

Detailed description of preferred embodiment of the in-
vention

[0023] Referring to figures 2 and 3, according to a first
embodiment, an outer crushing shell 200 is mounted
within a frame 202 of a gyratory crusher and is maintained
at an approximate mid region along its length between a
first upper end 210 and second lower end 211. Crushing
shell 200 comprises a substantially annular configuration
in which an annular wall 213 extends circumferentially
around a longitudinal axis 212 passing centrally through
shell 200. Annular wall 213 is defined by a crushing sur-
face 203 orientated towards axis 212 and an opposed
mounting surface 222, 204, 215 orientated to be external
facing away from axis 212. When in normal use, first end
210 s orientated to be positioned above second end 211
in the longitudinal direction relative to axis 212. The ex-
ternal facing mounting surface 222, 204, 215 between
ends 210 and 211 is concave such that wall 213 curves
inwardly towards axis 212 from first end 210 to second
end 211.

[0024] Shell 200 is positioned at a region of frame 202
so as to be surrounded by a topshell part 218 positioned
directly below a spider part 219. According to the specific
implementation, a lower annular region 214 of shell 200
is configured to abut a lower region of topshell 218. In
particular, a portion of mounting face 215 is configured
for contact against an opposed support surface 216 of
topshell 218 orientated to be facing axis 212.

[0025] As topshell 200 is concave along its length rel-
ative to axis 212, an upper region of shell 200 is position-
ally supported by a mounting ring 201. Ring 201 is also
mounted within topshell 218 below spider 219. Ring 201
comprises a substantially annular geometry that com-
prises a bearing surface 208 orientated to be external
facing relative to axis 212 and positioned opposed to a
bearing surface 209 of topshell 218 orientated to be in-
ternal facing towards axis 212. Topshell bearing surface
209 comprises a plurality of shoulders 221 that project
radially inward towards axis 212. Additionally, ring 201
comprises a corresponding number of shoulders 220 pro-
jecting radially outward from its annular body in a direc-
tion away from axis 212. Accordingly, shoulders 221 and
220 are configured to abut one another by having a cor-
responding shape profile so as to rotationally lock ring
202 within the topshell 218 relative to axis 212.

[0026] Shell 200 comprises an annular flange 206 po-
sitioned substantially at a mid region along the shell
length between first and second ends 210, 211. Flange
206 extends circumferentially around the wall 213 and
projects radially outward from wall 213 relative to axis
212. Similarly, a flange 207 projects radially inward from
ring 210 and is orientated toward shell 200 and axis 212.
Flange 207 also extends circumferentially around ring
201. The external facing mounting surface 204 of flange
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206 is positioned in touching contact with an opposed
support surface 205 of flange 207. Accordingly, ring 201
is effectively sandwiched in a radial direction between
shell 201 and the inward facing bearing surface 209 of
topshell 218.

[0027] To positionally lock shell 200 at ring 201 and
prevent rotation of shell 200 about axis 212, the shell wall
213 comprises a cross sectional thickness that is eccen-
tric relative to a rotational axis of crushing surface 203.
That is, as shown in figures 2 and 3, the wall thickness
213 is non-uniform circumferentially around shell 200
such that at a cross section B, the wall thickness is less
than a corresponding wall thickness at section A where
A and B are diametrically opposed. Accordingly, a dis-
tance by which mounting surface 204 at flange 206 is
separated from crushing surface 203 is non-uniform cir-
cumferentially around axis 212. This is illustrated in fig-
ures 2 and 3 where flange 206 at section A projects ra-
dially outward by a greater distance from wall 213 than
the corresponding section of flange 206 at diametrically
opposed section B. This has the effect that the rotational
axis of mounting surface 204 at the mounting region is
eccentricrelative to the rotational axis of crushing surface
203. This off-set wall thickness creates an anchorage or
camming region at the shell wall 213. This camming re-
gion abuts support surface 205 of ring 201 to transfer
torque forces to ring 201. As the cross sectional shape
profile of mounting surface 204 and the opposed support
surface 205 are substantially circular, the moment of
force is dissipated circumferentially around ring 201 and
shell 200 to avoid creation of stress concentration.
[0028] Ring 201 is prevented from rotation within top-
shell 218 as abutment shoulders 220, 221 interlock. Ac-
cordingly, the need for separate mounting pins or key-
ways to secure shell 200 at ring 201 and/or topshell 218
is avoided.

[0029] Figures 4 and 5 illustrate a further specific im-
plementation of the present invention in which outer
crushing shell 200 is supported at its upper end within
the crusher frame 400 that is mounted above a main
frame (not shown). Shell 200 is supported at its lower
end 211 via mounting surface portion 215 being radially
outward facing away fromlongitudinal axis 212. Mounting
surface 215 at second end 211 is positioned in touching
contact with an opposed support surface 216 orientated
to be inward facing towards axis 212 and provided at
frame 400. Both mounting surface 215 and support sur-
face 216 extend circumferentially around longitudinal ax-
is 212. Shell 200 is retained in position at its firstend 210
by abutment with a retaining ring 401 that is, in turn, po-
sitionally held at upper frame 400 by an annular collar
402 projecting upwardly from an upper surface region of
frame 400. Retaining ring 401 comprises a support sur-
face 503 orientated to inward facing towards longitudinal
axis 212. Support surface 503 is positioned in touching
contact with the outward facing mounting surface 502 of
shell 200 at a location towards first upper end 210. This
mounting region of shell 200 in contact with retaining ring
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401 comprises a substantially cylindrical geometry in
which the internal facing crushing surface 203 and ex-
ternal facing mounting surface 502 are substantially par-
allel with longitudinal axis 212.

[0030] An external facing bearing surface 501 of re-
taining ring 401 is positioned in contact with a corre-
sponding bearing surface 500 of annular collar 502. Ac-
cordingly, retaining ring 401 is retained in intermediate
position between collar 402 and shell 200. The radial
length of ring 401 relative to longitudinal axis 212 is con-
figured so as to abut against the external facing mounting
surface 502 and bearing surface 500 to retain shell 200
in suspended position within frame 400.

[0031] A plurality of bolts 404 extend parallel to axis
212 and are provided through corresponding bore holes
501 within ring 401. Engaging ends of bolts 404 contact
an upper surface of a support ring 403 positioned directly
below retainingring401. Supportring 403 also comprises
an annular geometry extending circumferentially around
axis 212 being held in position between frame 400, shell
200 and ring 401. Support ring 403 is retained in position
by abutment between its outer bearing surface 507 and
an opposed inward facing bearing surface 506 formed
at an upper region of frame 400.

[0032] In order to prevent shell 200 rotating about axis
212, shell wall 213 is formed eccentrically relative to axis
212 as described with reference to the embodiment of
figures 2 and 3. That is, and referring to the embodiment
of figures 4 and 5, the wall thickness 213 is eccentric
relative to axis 212 such that the thickness at diametri-
cally opposed sections A and B in the cross sectional
plane perpendicular to axis 212 is non-uniform. The ro-
tational axis of crushing surface 203 is centred at longi-
tudinal axis 212. However, the rotational axis of the out-
ward facing support surface 502 is eccentric relative to
this rotational axis of crushing surface 203. Accordingly,
retaining ring 401 is also eccentric relative to the rota-
tional axis of crushing surface 203. In turn, the annular
collar 402 is also aligned eccentrically relative to the
same rotational axis of crushing surface 203. This off-set
alignment of the mounting region of shell 200 and ac-
cordingly ring 401 and collar 402 provide the same an-
chorage or camming surfaces that are off-centre relative
to the rotational axis of crushing surface 203. According-
ly, shell 200 is prevented from rotation by bearing against
retaining ring 401 that is also frictionally rotationally
locked against collar 402.

[0033] According to the specific implementation, the
cross sectional shape profile of the retaining ring 401 and
collar 402 are substantially circular in a plane perpendic-
ular to axis 212. Additionally, mounting surface regions
502, 215 are also substantially circular in a plane per-
pendicular to axis 212.

[0034] According to further specific embodiments, the
frictional lock of crushing shell 200 may be provided by
configuring the outward facing support surface with a
non-circular shape profile. Accordingly, the correspond-
ing support surfaces and bearing surfaces of the support
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ring and crusher frame also comprise non-circular shape
profiles so as to interlock via respective camming por-
tions.

Claims

1. A gyratory crusher outer crushing shell (200) com-
prising:

a crushing surface (203) to be orientated to-
wards an inner crushing shell (105);

a mounting surface (204, 502) for positioning
against a support structure (201, 401) to, in part,
retain the position of the outer crushing shell
(200) within a gyratory crusher;

an elongate annular wall (213) defined between
the crushing surface (203) and the mounting sur-
face (204, 502), the wall (213) extending around
a longitudinal axis (212) of the outer crushing
shell;

characterised in that

ataregion along the length of the outer crushing
shell (200) where the mounting surface (204,
502) is configured to abut against the support
structure (201, 401), a cross sectional thickness
ofthe wall (213) perpendicular to the longitudinal
axis (212) is eccentric relative to a rotational axis
(203) of the crushing surface such that a rota-
tional axis of the mounting surface (204, 502) is
eccentric relative to the rotational axis of the
crushing surface (203).

2. The crushing shell as claimed in claim 1 wherein at
least a region of the mounting surface (204, 502) is
configured for precession about the rotational axis
of the crushing surface (203) and to abut against the
support structure (201, 401) and prevent the outer
crushing shell (200) rotating about the rotational axis
of the crushing surface (203).

3. Thecrushingshell as claimed in any preceding claim
wherein a cross sectional shape profile of the crush-
ing surface (203) is substantially circular.

4. Thecrushingshell as claimed in any preceding claim
wherein a cross sectional shape profile of the mount-
ing surface (201, 401) is substantially circular.

5. Thecrushingshell as claimed in any preceding claim
wherein a region of the mounting surface (204, 502)
inthe longitudinal direction relative to the longitudinal
axis (212) is concave.

6. The crushingshell as claimed in any preceding claim
comprising afirstend (210) intended to be positioned
at an upper region of the gyratory crusher and a sec-
ond end (211) intended to be positioned at a lower
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position at the gyratory crusher relative to the first
end (210), the eccentric cross sectional thickness of
the wall (213) positioned at or towards the first end
(210).

The crushing shell as claimed in any one of claims
1 to 5 comprising a first end (210) intended to be
positioned at an upper region of the gyratory crusher
and a second end (211) intended to be positioned
at a lower position at the gyratory crusher relative to
thefirstend (210), the eccentric cross sectional thick-
ness of the wall (213) positioned substantially at a
mid region in the longitudinal direction between the
first (210) and second (211) ends.

A gyratory crusher comprising:

a frame (202) that, in part, defines an internal
crushing zone;

an outer crushing shell (200) as claimed in any
preceding claim mounted within a region of the
frame (202);

an inner crushing shell (105) mounted upon a
crushing head (103) configured for gyroscopic
procession about a longitudinal axis extending
through the crushing zone.

The crusher as claimed in claim 8 wherein the sup-
port structure (201, 401) comprises a mounting ring
(201) positioned around a region of the outer crush-
ing shell (200), the mounting ring (201) having a sup-
port surface (205) orientated towards the rotation ax-
is of the crushing surface (203) and configured to
abut the mounting surface (204, 502) and prevent
the outer crushing shell (200) from rotation about the
rotational axis.

The crusher as claimed in claim 9 when dependent
upon claim 6 wherein the ring (201) is mounted at or
towards the first end (210) of the outer crushing shell
(200).

The crusher as claimed in claim 9 when dependent
upon claim 7 wherein the ring (201) is mounted at
substantially the mid region between the first (210)
and second (211) ends.

The crusher as claimed in any one of claims 9 to 11
wherein a rotational axis of the mounting ring (201)
is eccentricrelative to a rotational axis of the crushing
surface (203).

The crusher as claimed in any one of claims 9 to 12,
when dependent upon claim 4 wherein a cross sec-
tional shape profile of the support surface (205) is
substantially circular.

The crusher as claimed in any one of claims 9 to 13
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15.

wherein the mounting ring (201) comprises at least
one shoulder (220) extending radially outward rela-
tive to the longitudinal axis, the shoulder (220) con-
figured to abut against a region (221) of the frame
(202) and prevent rotation of the mounting ring (201)
about the longitudinal axis (212).

The crusher as claimed in any one of claims 9 to 14
wherein the mounting ring (201) comprises a first
annular flange (207) projecting radially inward to-
wards the longitudinal axis (212) and the outer crush-
ing shell (200) comprises a second annular flange
(206) projecting radially outward from the wall (213)
the first and second annular flanges (207, 206) con-
figured to abut one another.
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