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(57) Abstract: A system and method for provid-
ing the required clamping force between an ad-
justment ring and bowl of a gyratory crusher is
disclosed. The clamp ring includes a series of
clamping cylinder assemblies that each are
mounted to a top face of the clamp ring. Each of
the clamping cylinder assemblies can be re-
moved and replaced from the top surface of the
clamp ring without requiring the removal of the
clamp ring from the gyratory crusher. Each
clamping cylinder assembly includes a mounting
flange that is attached to the clamp ring through
a series of connectors.
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TOP SERVICE CLAMPING CYLINDERS FOR A GYRATORY CRUSHER

BACKGROUND OF THE INVENTION
16601} The present disclosure generally relates to gyratory rock crushing equiproent.
More specifically, the present disclosure relates to the system and method for integrating
clamping cylinders into a cone crusher where the clamping cylinders can be serviced from the
top of the cone crusher.
[6602] Rock crushing systems, such as those referred to as cone crushers, generally
break apart rock, stones or other material in a crushing gap between a stationary element and
a moving element. For example, a cone crusher is comprised of a head assembly inchuding a
crushing head that gyrates about a vertical axis within a stationary bow! positioned within the
mainframe of the rock crusher. The crushing head is assembled surrounding an eccentric that
rotates about a fixed main shaft to impart the gyrational movement to the crushing head,
which crushes rock, stone or other materials in a crushing gap between the crushing head and
the bowl. The cccentric can be driven by a variety of power drives, such as an attached gear,
driven by a pinion and countershaft assembly, and a mumber of mechanical power sources,
such as electrical motors or combustion engines can be used.
LHIXY The crushing bead of large cone crushers s rotatably supported about a
stationary main shaft. The cone crusher inchudes a bowl that supporis a bowl liner to define
the crushing gap between the bowl hiner and the crashing head. The bowl contained within
the cone crusher is vertically adjustable relative to the head assembly to vary the size of the
crushing gap. In some applications, the cone crusher includes 3 stationary adjustment ring
that inclodes a series of threads along which the bowi can move to adjust the crushing gap.
The bowl is rotatable within the adjustment ring and the direction of rotation controls the
vertical movement of the bowl to cither increase or decrease the crushing gap. Some of these
cone crushers also include a clamp ring that is used to create a clamping foree to lock the
bowl into posttion relative to the stationary adjustment ring.
[6004] In currently available cone crushers, when the clamping cylinders need to be
removed or serviced, the entire clamp ring must be removed from the cone crusher before the
clamping cylinders can be accessed. Removing the clamp ring from the cone crusher requires
the removal of both the feed arrangement and the bowt to provide access to the clamp ring,
which rust then be reraoved. Servicing the claraping cylinders using such a replacerent
process take a relatively large amount of time, during which the cone crusher is out of

gperation and not cencrating mcome.
o o
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SUMMARY OF THE INVENTION
16605] The present disclosure relates to a system and method for integrating clamping
cylinders into a cone crusher such that the clamping cylinders can be serviced from the top of
the cone crusher to facilitate the case of maintenance and servicing. Fach of the clamping
cylinders can be accessed and serviced without having to remove the feed arrangement, bowl
and clamp ring from the gyratory crusher,
[6606] The gyratory crusher of the present disclosure inchides an adjustment ring that
is stationary during normal crushing operation. The adjustment ring inclades a series of
threads. A bowl, which includes a bow] liner that defines a portion of the crushing gap of the
cone crusher, is positioned within the stationary adjustment ring. The bowl! includes 2 series
of external threads that engage the threads formed on the adjustment ring. Rotation of the
bowl relative to the stationary adjustment ring causes the bowl to move vertically relative to
the stationary adjustroent ring. Through rotation of the bowl in either divection, the size of the
crushing gap can be adjusted.
[6687] The gyratory crusher further includes a head assembly that is positioned for
movement within the bowl The head assembly consists of a head and a mantle liner placed
on the head which define a portion of the crushing gap between the head asserably and the
bowl.
[BG08] The gyratory crusher further inchudes a clamp ring that is positioned above the
adjustment ring. The clamp ring jnchudes a series of threads that engage the external threads
of the bowl. The clamp ring is an anmular mermber that includes a top face and a bottom face
and a series of bores spaced around the annular body of the clamp ring. Hach of the bores
formed n the clamp ring receives one of a phurality of clamping cylinder assemblies. Each of
the clamping cylinder assemblies is mounted to the top face of the clarop ring and can be
actuated to create a clamping force the locks the bowl to the adjustment ring. The clamping
force created by the plurality of clamping eyhinder assemblics resists the relative rotation
between the adjustment ring and bowl during operation of the gyratory crusher.
18609 Each of the clamping cylinder assemblics includes a cylinder body that is
received within one of the bores that extends through the clamp ring from the top face to the
hottom face. The cylinder body receives a movable piston that is received within an open
interior detined by the cylinder body. When pressurized bydraulic fluid is supplied into the
open interior of the cylinder body, the hydraulic fluid forces the piston toward the adjustment
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ring. The movement of the piston forces the entire clamp ring upward, which then results in
spward movement of the bowl. The upward movement of the bowl causes the external
threads on the bowl to engage the threads on the adjustment ring. This engagement resists
the rotational movement of the bowl relative to the adjustment ring.

16016 Each of the clamping cylinder assemblies is mounted to the top face of the
clamp ring such that cach of the clamping evhinder assemblies can be removed from the top
face of the clamp ring without having to rerove the clamp ring froro the cone crusher. The
clamping cylinder assemblies are each held in place on the top face by a plurality of
connectors that can be removed from the clamp ring to allow replacement and servicing of
the clamping cylinder assemblies,

16611} Various other features, objects and advantages of the disclosure will be made

apparent from the following description taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
18612} The drawings illustrate the best mode presently contemplated carryving out the
disclosure. In the drawings:
(8813 Fig. 1 18 an isometric view of 8 cone crusher with a partial section remgoved to

show the clamping cylinders and the clamp ring of the present disclosure;

[60314] Fig. 2 ts a magnified view taken along line 2-2 of Fig. 1;
[B315] Fig. 3 is a bottom isometric view showing the clamp nng and clamping

cvlinder assernblies;
[8816] Fig. 4 is 3 partial section view of the cone crusher;

10617)

"‘rj'

ig. 5 is a magnified view of the section shown by line §-5 in Fig. 4;
16618] Fig. 6 s a section view simtlar to Fig. § illustrating the upward movement of

the clamp ring;

6619 Fig. 7 is an exploded, section view of one of the clamping cylinder assemblics;
and
[6628] Fig. § is a section view showing an alicrnate configuration for the clamp ring

and one of the clamping cylinder assemblies.

DETAILED DESCRIPTION
16621 Fig. 1 illustrates a gyratory crusher, such as a cone crusher 10, that is operable

to crush material, such as rock, stone, or mineral or other substances. The cone crusher 10
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includes a central opening 12 that receives the material to be crushed. The central opening 12
is defined by a feed bowl hopper 14 which surrounds a cone feed plate 16.

16622} As best shown in Fig. 4, the feed plate is 16 1s mounted to the top of a head
asserobly IR that is gyrationally movable within a bowl 20 that supports a bow! hiner 22. The
head assembly 1% includes a cone-shaped head 24 that includes a mantle 26. Both the mantle
26 and the bowl liner 22 are designed to be a replaceable wear component, since cach of
these two cornponents define the primary contact surfaces within the crushing gap 28.

[6623] As can be understood in Fig. 4, the bow!l 20 inchudes a series of external
threads 30 that engage a corresponding series of threads 32 formed on a stationary adjustment
ring 34. The interaction between the external threads 30 formed on the bowl 20 and the
threads 32 formed on the adjustment ring 34 creates vertical movement of the bowl 20
relative to the stationary adjustment ring 34 upon rotation of the bowl 20. The direction of
rotation of the bowl 20 dictates the direction of vertical movement of the bowl relative to the
adjustment ring 34.

[8G24] As can be understood in Figs. 1 and 4, the bowl 20 is connected to an outer
gear ring 36 which is driven by an adjustment motor 38. When the adjustment motor 38
operates, the gear ring 36 rotates, which in tarn imparts rotation to the bowl 20 through the
adjustrment cap 40. The adjustment cap 40 is securely attached to a top flange 44 of the bowl
20 through a series of connectors 46. Rotation of the bowl 20 relative to the adjustment ring
34 causes the bowl 20 to move vertically relative to the adjustment ring 34.

[6625] Since the bowl 20 18 designed to be movable relative to the statiovnary
adjustment ring 34 to adjust the size of the crushing gap, the cone crusher 10 of the present
disclosure includes a clamp ring 4% that is used to create a clamping force between the
external threads 30 of the bowl 20 and the threads 32 of the adjustment ring 34. The clamping
force created by the clarap ring 4% prevents rotational movement between the bowl 20 and
the adjustment ring 34 during operation of the cone crusher.

[6026] As ilustrated 1o Fig. 4, the clamp ring 48 includes a series of threads 50 that
engage the external threads 30 formed on the bowl 20, The clamp ring 48 is an anoular
member having a generally planar top face 52 and generally planar bottom face 54 as best
iffustrated in Fig. 2. The clamp ring 48 includes a plurality of clamping cylinder assemblics
56 that are spaced around the annular clamp ring 48, As shown in Fig. 3, the clarop ring 48
inchudes eight clamping cylinder assemblies 56 equally spaced around the anmular clamp ring
48. Although eight clamping cylinder assemblies 56 are shown in the embodiment of the

4



CA 02957533 2017-02-07

WO 2016/028444 PCT/US2015/042238

disclosure, it is contemplated that either a larger or fewer number of clamping cvlinder
assemblies 56 could be utilized while operating within the scope of the present disclosure.
16627} Figs. 5 and 7 iltustrate one of the phirality of clamping cylinder assemblies 56
positioned within one of the bores 58 formed in the clarop ring 48, As illustrated 1 Figs. S
and 7, the bottom face 54 of the clamp ring 48 contacts a top surface 60 of the adjustment
ring 34 and a corresponding top sarface 62 of a spacer 64 mounted to an outer surface 66 of
the adjustment ving 34, Although a spacer 64 153 shown in the drawings, the spacer 64 could
be climinated depending on the contfiguration of the cone crusher. The spacer 64 is securely
attached to the adjustment ring by welding or bolts and provides a contact surface for the
claroping cylinder assemblies 56, The top surfaces 60, 62 are gencrally coplanar with each
other and provide a contact surface for engagement with the lower contact surface 68 of the
movable piston 70 that forms part of the clamping cylinder assembly 56

[B028] As shown in Fig. 7, the clamping cylinder assernbly 36 inchudes a cylinder
body 72 mchuding a cylindrical outer wall 74 that 1s joined to and depends from a mounting
flange 76. The mounting flange 76 cxtends past the outer surface 78 of the outer wall 74 to
define a support shoulder 80 that surrounds the outer wall 74, When the clamping cylinder
assernbly 36 1s installed as shown in Fig. 5, the support shoulder 30 contacts the top surface
52 of the clamp ring 48,

16029] As illustrated in Fig. 2, the mounting flange 76 1s securely attached to the top
face 52 of the clamp ring 48 by 2 series of connectors, such as bolis 82, In the embodiment
shown, six bolts R2 are used to attach the mounting flange 76 to the top face 52, Although six
bolts 82 are shown, fewer or additional bolts 82 could be utilized depending upon the size of
the cone crusher and design requirements.

{8634 As Hustrated in Fig. 7, cach of the bolts 82 includes a threaded shaft R4 and a
head 86. The threaded shaft 84 extends through an opening 88 formed in the mounting flange
76 and is received within a bore 90 that extends into the clamp ring 48 from the top face 52.
The bore 90 inclades internal threads that engage the threaded shaft 84 of the bolt 82, Tu this
manner, the cylinder body 72 is securely attached to the top face 52 of the clamp ring 48.
6631} As illustrated in Fig. 7, the cylinder body 72 includes an open interior 92 that
receives the piston 70. The top end of the open interior 92 is closed by a pressure head 94 that
is welded to the mounting flange 76. The pressure head 94 includes a fluid passageway 96

that allows pressurized hydraulic fluid to travel into the open interior 92 from a fluid conduit
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08. A pressure fitting 100 receives the fhuid conduit 98 and includes a lower, threaded portion
102 that is received within an internally threaded bore formed in the pressure head 94.

16632} As iltastrated in Figs. 5 and 7, the piston 70 includes a resilient sealing ring
104 positioned in the lowermost groove 106 formed in the body of the movable piston 70
The resilient sealing ring 104 engages the inner surface 108 of the outer walls 74 to provide a
floid tight seal. A pair of non-metallic wear rings 1{7are positioned 1o a pair of upper grooves
109 to prevent roetal-to-metal contact between the piston 70 and the juner surface 103, As
pressurized hydraulic fluid from the flnid conduit 98 is introduced into the open interior 92
above the top, pressure face 110, the pressure created by the hydraulic fluid forces the piston
70 downward. The downward movement of the piston 70 causes the contact surface 63 to
engage the top surfaces 60, 62 of the adjustiuent ring 34 and spacer 64, respectively.

16633] Referring now to Fig. 5, when no hydraulic fluid is supplied to the clamping
cylinder assermbly 56, the threads 50 formed on the clamp ring 48 and the external threads 30
formed on the bowl 20 are loosely in contact with each other. Likewise, the threads 32
formed on the adjustment ring 34 and the external threads 30 are also loosely in contact with
cach other. In this condition, the bowl 20 can be freely rotated, as shown by arrow 112, to
move the bowl 20 vertically relative to the stationary adjustment ring 34. When hydraulic
fluid s not supphied to the claroping cylinder asserablies 56 through the individual fluid
conduits 98, the bowl 20 can move relative to the adjustment ring 34.

6834} Once the bowl 20 15 in the desired position to detine the desired crushing gap,
pressurized hydraulic fluid is supplied to cach of the claraping cvlinder assernblics 56
through the respective thuid conduits 98, When pressurized hydraulic fluid is supplied to the
open interior 92 above the top, contact surface 110 of the piston 70, the pressurized hydrauiic
fhuid forces the piston 70 downward into contact with the top surfaces of both the spacer 64
and the adjustment ring 34. Since both the spacer 64 and the adjustment ring 34 are
stationary, the downward movement of the piston 70 forces the entire clamp ring 48 upward
as ilustrated by arrows 114 1 Fig. 6.

[BG35] The upward movement of the clamp ring 48 causes the threads 50 of the
clamping ring to engage the outer threads 30 of the bowl 20. The engagement between the
threads 50 and the threads 30 causes the bowl 24 to move slightly upward, which causes the
threads 30 of the bowl 20 to engage the threads 32 of the adjustment ring 34. The engagement
hetween the threads 30 of the bowl 20 and the threads 32 of the adjustment ring 34 creates a

tight, frictional {it that resists rotational movement of the bowl 20 relative to the adjustment
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ring 34, Thus, when the cone crusher is in operation, cach of the clamping cylinder
assemblies 56 is pressurized to create a friction fit between the bowl 20 and the adjustment
ring 34, which resist the rotational movement between the bowl 20 and the adjustment ring
34.

18336} During the extended use of the cone crusher, the sealing ring 104 shown in
Fig. 7 eventually begins to fail, which causes the clamping cylinder assembly 56 to begin
teaking hydraulic fluid. As moore and more hydraulic fluid begins to leak out of the clamping
cylinder assemblics, it becomes necessary to service the clamping cylinder assemblies 56. In
order to access the individual clamping cylinder assemblies 56, it is first necessary to access
the clamp ring by initially raising or removing the adjostment cap 40 which is mounted to the
bowl 20. Once these components are removed, cach of the clamping cylinder assemblies 56 is
accessible from the top of the cone crusher 10. Since cach of the clamping cylinder
assemblies are mounted to the top face 52 of the clamp ring 4R, the individual clamping
cvlinder assernblics 56 can he removed and replaced by siraply removing the series of bolts
82 and lifting the entire clamping cylinder assembly 56 from within the respective bore
contained in the clamp ring 48, Once the clamping cylinder assembly 56 has been serviced,
the entire clamping cylinder assembly 56 can be replaced and secured to the clamp ring 4R by
retightering the individual bolts 82,

184371 Fig. 8 tHlustrates an alternate arrangement for the clamping cylinder assembly
56. In the embodiment shown in Fig. §, the clamp ring 48 includes an inner bore 120 having
a shightly different configuration than shown in the embodiment of Figs. 5-7. In the
embodiment shown in Fig. 8, the bore 120 has a step that defines the lower shoulder 122.
The lower shoulder 122 engages and supports a corresponding flange 124 formed on the
cylinder body 72. The engagement between the shoulder 122 and the flange 124 prevents
movement of the cylinder body 72 downward relative to the clamp ring 48.

3838} The cylinder body 72 is held within the bore 120 by a separate mounting
flange 126. The mounting flange 126, in turn, is held o place by the bolts 32, In the
embodiment shown in Fig. 8, the separate mounting flange 126 allows the cylinder body 1o
be formed without having to weld the mounting flange 126 to the cylinder body. The
cylinder body 72 is held in place between the flange 126 and the lower shoulder 122 of the

stepped bore formed within the clarap ring 48,
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16839} As can be understood by the above description, cach of the clamping cylinder
assemblies can be removed and serviced without requuiring the complete removal of feed

arrangement, bowl and the clamp ring, as was required in previously available cone crushers.



CLAIMS:

1. A hydraulic clamping system for use with a gyratory crusher having a head
assembly positioned for movement within a bowl that is movable relative to a stationary
adjustment ring, the system comprising:

a clamp ring positioned above the adjustment ring and having a series of threads
that are engageable with a series of external threads of the bowl, the clamp ring including
a top face and a bottom face; and

a plurality of clamping cylinder assemblies, wherein the plurality of clamping
cylinder assemblies are removably mounted to the top face of the clamp ring, wherein
each of the clamping cylinder assemblies includes a cylinder body that includes a
cylindrical outer wall and that is received within a bore extending through the clamp
ring from the top face to the bottom face, wherein each of the clamping cylinder
assemblies includes a mounting flange connected to the top face of the clamp ring by a
plurality of connectors, and wherein the mounting flange extends past an outer surface

of the outer wall to define a support shoulder that surrounds the outer wall.

2. The hydraulic clamping system of claim 1, wherein each of the clamping cylinder
assemblies includes a movable piston contained within the cylinder body, wherein a

contact surface of the movable piston engages the adjustment ring.

3. The hydraulic clamping system of claim 2, further comprising a spacer connected
to the adjustment ring, where in the contact surface of the piston engages both the

adjustment ring and the spacer.
4. The hydraulic clamping system of claim 1, wherein each of the clamping

cylinder assemblies is removable from the top face of the clamp ring while the clamp

ring is engaged with the bowl.

Date Regue/Date Received 2022-01-12



5. The hydraulic clamping system of claim 1, wherein each of the clamping
cylinder assemblies is received within one of a plurality of bores that extend through
the clamp ring from the top face to the bottom face, wherein each of the clamping
cylinder assemblies includes a mounting flange securely attached to the top face of the
clamp ring by a plurality of connectors such that the clamping cylinder assemblies is

removable by removing the connectors.

6. A gyratory crusher comprising:

a stationary adjustment ring having a series of threads;

a bowl having a series of external threads that engage the threads formed on the
adjustment ring;

a head assembly positioned for movement within the bowl to create a crushing
gap between the head assembly and the bowl; and

the hydraulic clamping system according to claim 1.

7. The gyratory crusher of claim 6, wherein each of the clamping cylinder
assemblies includes a movable piston contained within the cylinder body, wherein a

contact surface of the movable piston engages the adjustment ring.

8. The gyratory crusher of claim 7, further comprising a spacer connected to the
adjustment ring, where in the contact surface of the piston engages both the adjustment

ring and the spacer.
9. The gyratory crusher of claim 6, wherein each of the clamping cylinder assemblies
is removable from the top face of the clamp ring while the clamp ring is engaged with the

bowl.

10. The gyratory crusher of claim 6, wherein the clamp ring includes a plurality of

bores that each extend through the clamp ring from the top face to the bottom face,

10
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wherein each of the plurality of clamping cylinder assemblies is received within one of

the bores.

11. The gyratory crusher of claim 9, wherein each of the clamping cylinder assemblies

is attached to the top face of the clamp ring by a series of connectors.

11
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