wo 2020/073077 A1 |0 00 KO0 R0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
16 April 2020 (16.04.2020)

(10) International Publication Number

WO 2020/073077 Al

WIPO I PCT

(51) International Patent Classification:
B02C 2/02 (2006.01) B02C 2/04 (2006.01)

(21) International Application Number:
PCT/AU2019/051002

(22) International Filing Date:
19 September 2019 (19.09.2019)

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L. . kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM. IgE, I(%R, LS,pMW, MZ, NA. RW? SD, SL. ngB, S7.TZ.
(30) Priority Data: UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
2018247208 09 October 2018 (09.10.2018) AU TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
. EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(71) Applicant: TECHNOFAST INDUSTRIES PTY LTD MC, MK, MT, NL, NO, PL, PT. RO. RS, SE. SI, SK, SM.
[AU/AU]J; c/- Level 6/175 Eagle Street, Brisbane, Queens- TR), OAPI (BF, BJ, CF, CG. CI, CM, GA. GN, GQ, GW,
land 4001 (AU). KM, ML, MR, NE, SN, TD, TG).
(72) Inventors: BUCKNELL, John Wentworth, c¢/- Level
6/175 Eagle Street, Brisbane, Queensland 4001 (AU). Published:
BUCKNELL, Robert Wentworth; c¢/- Level 6/175 Eagle —  with international search report (Art. 21(3))
Street, Brisbane, Queensland 4001 (AU).
(74) Agent: SPRUSON & FERGUSON, GPO BOX 3898,
Sydney, New South Wales 2001 (AU).
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,

(54) Title: HYDRAULIC MANTLE ASSEMBLY SYSTEM FOR A GYRATORY ROCK CRUSHER

(57) Abstract: A hydraulic mantle system for a gyratory rock crusher enables
the safe, quick and efficient replacement of a worn or deformed mantle. The
system comprises: A main shaft having a flange and external threads adjacent
the flange; an annular nut body having side surfaces and having internal threads
that are threaded onto the external threads of the main shaft; an annular hy-
draulic piston having side surfaces that slidingly engage the side surfaces of
the annular nut body; and an annular mantle having an upper neck portion and
a lower edge portion, the main shaft extending through the upper neck portion;
wherein the upper neck portion of the annular mantle is compressed between
the flange of the main shaft and the annular hydraulic piston.




WO 2020/073077 -1- PCT/AU2019/051002

Hydraulic Mantle Assembly System for a Gyratory Rock Crusher

FIELD OF THE INVENTION

[0001] The present invention relates generally to systems and methods for
assembling a mantle in a gyratory rock crusher, and in particular to systems
and methods for applying tensile force during assembly and disassembly of

gyratory rock crusher mantle systems.

BACKGROUND

[0002] Rock crushers are commonly used in mining applications in order
to reduce large rocks to smaller rocks, gravel or dust, depending on the rock
type and required end use. A gyratory rock crusher is a popular type of
crusher that employs a funnelled crushing chamber, known as a concave, that
guides input rock to centre hole. A mantle system is suspended inside the
centre hole and includes a main shaft and a mantle attached to the main
shaft.

[0003] The main shaft is generally connected to an actuating system
below the crushing chamber, which through the use of belts or eccentric gears
swings the main shaft and mantle through a gyratory motion adjacent lower
edges of the crushing chamber. Rocks are progressively broken to smaller
sizes before passing through the aperture formed between the concave and

the mantle.

[0004] Gyratory rock crushers are often huge machines, capable of
processing over 8000 tonnes of material per hour. Accordingly, the mantle
and crushing chamber generally must be extremely robust, including heavy-

duty wear resistant plates.

[0005] The mantle is generally fixed to the main shaft by a large threaded
nut, known as the head nut, sometimes exceeding 1200 mm in diameter,
which is threaded onto the main shaft. During normal use, both the concave,

mantle and head nut can suffer significant wear and require replacement. The
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action of crushing rocks against the crushing chamber generally plastically
deforms and axially lengthens the mantle, which adds significant tension to
the head nut.

[0006] Due to the plastic deformation in the system, loosening the head
nut and replacing the mantle is generally a time consuming, dangerous and
expensive process. The associated down-time and loss of productivity of the
rock crusher during the mantle replacement process often adds greatly to the

overall cost of the process.

[0007] Further, due to their large size the head nuts are typically difficult to
tighten and loosen in the confined space within the body of the gyratory
crusher. Nut removal techniques thus include welding protrusions onto the
periphery of the head nut and beating the nut with hammers, battering rams or
even rock breaker tools on an excavator arm. Other head nut removal
processes involve the use of oxy-acetylene cutting torches to burn through a
“torch ring” positioned under the head nut, which collapses the ring and
relieves the load on the head nut. Such practices are difficult and dangerous
owing to the conditions and spatial restrictions in which the operations must
be performed. Often epoxy setting compounds are used to bed the mantle to
the inner cone. The use of flame cutting torches can ignite the compounds,

thereby creating a fire danger and health hazard.

[0008] There is therefore a need for an improved mantle assembly system

for a gyratory rock crusher.

OBJECT OF THE INVENTION

[0009] It is an object of the present invention to overcome and/or alleviate
one or more of the disadvantages of the prior art or provide the consumer with

a useful or commercial choice.
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SUMMARY OF THE INVENTION

[0010] In a first aspect, although it need not be the only or the broadest
aspect, the invention resides in a hydraulic mantle system for a gyratory rock

crusher, the system comprising:
a main shaft having a flange and external threads adjacent the flange;

an annular nut body having side surfaces and having internal threads

that are threaded onto the external threads of the main shaft;

an annular hydraulic piston having side surfaces that slidingly engage

the side surfaces of the annular nut body; and

an annular mantle having an upper neck portion and a lower edge

portion, the main shaft extending through the upper neck portion;

wherein the upper neck portion of the annular mantle is compressed

between the flange of the main shaft and the annular hydraulic piston.

[0011] Preferably, the system further comprises an annular sacrificial

cover positioned over the annular nut body.

[0012] Preferably, a top face of the annular nut body comprises a plurality

of threaded through holes that each receive a lock screw.

[0013] Preferably, a top face of the annular hydraulic piston comprises a

plurality of blind holes that each receive a distal end of a lock screw.

[0014] Preferably, a high pressure inner seal and a high pressure outer
seal provide a hydraulic seal between the annular nut body and the annular

hydraulic piston.

[0015] Preferably, a lower end of the annular hydraulic piston defines a

recess that receives an upper edge of the annular mantle.

[0016] Preferably, an outer diameter of the upper edge of the annular
mantle is greater than an outer diameter of a side surface of the annular nut

body against which the hydraulic piston engages.

[0017] Preferably, an inner diameter of the upper edge of the annular
mantle is greater than an outer diameter of a side surface of the annular nut

body against which the hydraulic piston engages.
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[0018] Preferably, the top face of the annular nut body comprises a

plurality of hydraulic fluid access holes.

[0019] Preferably, the plurality of hydraulic fluid access holes are each
sealed with a plug, which plugs are replaceable with a hydraulic fluid nipple

and adapter.

[0020] Preferably, O-rings separate outer sides of the annular nut body

and hydraulic piston against inner sides of the sacrificial cover.

[0021] Preferably, the sacrificial cover is bolted to the annular nut body.
[0022] Preferably, a spanner is boltable to the top face of the annular nut
body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] To assist in understanding the invention and to enable a person
skilled in the art to put the invention into practical effect, preferred
embodiments of the invention are described below by way of example only

with reference to the accompanying drawings, in which:

[0024] FIG. 1 is a partially cut-away side perspective view of an
assembled mantle system for a gyratory rock crusher, according to some

embodiments of the present invention.

[0025] FIG. 2 is a partially cut-away side view of the assembled mantle

system of FIG. 1.

[0026] FIG. 3 is a top exploded perspective view of the hydraulic nut

assembly of the mantle system of FIG. 1.

[0027] FIG. 4 is a partially cut-away side view of the hydraulic nut

assembly of the mantle system of FIG. 1.

[0028] FIG. 5 is a further partially cut-away side view of the hydraulic nut
assembly of the mantle system of FIG. 1, but with the sacrificial cover

removed.

[0029] FIG. 6 is a top view of a spanner, according to an embodiment of

the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0030] The present invention relates to a hydraulic mantle system for a
hydraulic rock crusher. Elements of the invention are illustrated in concise
outline form in the drawings, showing only those specific details that are
necessary to understanding the embodiments of the present invention, but so
as not to clutter the disclosure with excessive detail that will be obvious to

those of ordinary skill in the art in light of the present description.

[0031] In this patent specification, adjectives such as first and second, left
and right, above and below, top and bottom, upper and lower, rear, front and
side, etc., are used solely to define one element or method step from another
element or method step without necessarily requiring a specific relative
position or sequence that is described by the adjectives. Words such as
‘comprises” or “includes” are not used to define an exclusive set of elements
or method steps. Rather, such words merely define a minimum set of
elements or method steps included in a particular embodiment of the present

invention.

[0032] According to one aspect, the present invention is defined as a

hydraulic mantle system for a gyratory rock crusher, the system comprising:
a main shaft having a flange and external threads adjacent the flange;

an annular nut body having side surfaces and having internal threads

that are threaded onto the external threads of the main shaft;

an annular hydraulic piston having side surfaces that slidingly engage

the side surfaces of the annular nut body; and

an annular mantle having an upper neck portion and a lower edge

portion, the main shaft extending through the upper neck portion;

wherein the upper neck portion of the annular mantle is compressed

between the flange of the main shaft and the annular hydraulic piston.

[0033] Advantages of some embodiments of the present invention include
the ability to safely, quickly and efficiently replace a worn and deformed

mantle of a gyratory rock crusher. Workers are able to operate safely in the
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confined space adjacent to the rock crusher main shaft, and without resorting
to the “heating and beating” techniques of the prior art, which techniques often
required use of a cutting torch to cut through a damaged and deformed nut
that fastened a worn rock crusher mantle to a main shaft. By employing a
hydraulic tightening and loosening process, even severely damaged and

deformed mantles can be readily removed and replaced.

[0034] FIG. 1 is a partially cut-away side perspective view of an
assembled mantle system 100 for a gyratory rock crusher, according to some
embodiments of the present invention. The system 100 includes a main shaft

105, a mantle 110, and a hydraulic nut assembly 115.

[0035] The hydraulic nut assembly 115 comprises a sacrificial cover 120
secured to an annular nut body 125. The annular nut body 125 is threaded
onto external threads 130 of the main shaft 105. An annular hydraulic piston
135 slidingly engages with the annular nut body 125. An upper neck portion
140 of the mantle is compressed between a flange 145 of the main shaft 105

and the annular hydraulic piston 135.

[0036] As will be understood by those skilled in the art, according to some
embodiments the flange 145 can comprise various geometries or components
against which the upper neck portion of a mantle is compressed. For
example, the main shafts of some crushers include a through bolt and multiple
tapered components, which are retained by their weight and the tensioning of

a head nut.

[0037] FIG. 2 is a partially cut-away side view of the assembled mantle
system 100. As shown, an upper edge 205 of the mantle 110 is received in a

lower recess 210 of the hydraulic piston 215.

[0038] FIG. 3 is a top exploded perspective view of the hydraulic nut
assembly 115. To secure the sacrificial cover 120 in place, socket screws
305 extend through holes 310 in the sacrificial cover 120 and are threaded

into holes 315 on a top face 320 of the annular nut body 125.

[0039] The top face 320 also includes hydraulic access holes 330, which
are sealed for example by a plug. The access holes 330 permit the passage

of a charging medium (usually oil) during assembly and disassembly. The
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holes 330 are plugged during operation of the crusher. Further, a plurality of
lock screws 335 are threaded through the top face 320 and around a

perimeter of the top face 320.

[0040] FIG. 4 is a partially cut-away side view of the hydraulic nut
assembly 115. The lower recess 210 of the hydraulic piston 215 is clearly
shown. Also shown is a threaded hole 415 in the annular nut body 125 for a
lock screw 335, and a blind hole in the hydraulic piston 135 that receives a

distal end of a lock screw 335.

[0041] An upper O-ring 405 seals an outer side of the annular nut body
against an inner side of the sacrificial cover 120. And a lower O-ring 410
seals an outer side of the hydraulic piston 215 against an inner side of the

sacrificial cover 120.

[0042] Also, a high pressure inner seal 425 and a high pressure outer seal
430 provide a hydraulic seal between the annular nut body 125 and the
annular hydraulic piston 135. The inner seal 425 is fixed to the annular nut
body 125 and slidingly engages an inner surface of the hydraulic piston 135
during axial displacement of the hydraulic piston 135; whereas the outer seal
430 is fixed to the hydraulic piston and slidingly engages an outer surface of
the annular nut body 125 during axial displacement of the hydraulic piston
135. The axial height of the outer surfaces of the annular nut body 125 that
engage the inner surfaces of the hydraulic piston 135 define a maximum
stroke of the hydraulic nut assembly 115, which maximum stroke is limited for

example in some embodiments to 12 mm.

[0043] The hydraulic piston 135 is illustrated in FIG. 4 at zero stroke. In
use, as the piston 135 moves axially away from the annular nut body 125, the
high pressure inner seal 425 and outer seal 430 seal hydraulic fluid inside a

toroidal piston cavity.

[0044] FIG. 5 is a further partially cut-away side view of the hydraulic nut
assembly 115, but with the sacrificial cover 120 removed. An adapter 505 is
shown threaded onto the annular nut body 125, and a hydraulic fluid nipple

510 is shown threaded onto the adapter 505.
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[0045] According to some embodiments, an outer diameter of the upper
edge 205 of the annular mantle 110 is greater than an outer diameter of a
side surface of the annular nut body 125 against which the hydraulic piston

135 engages.

[0046] Further, according to some embodiments, an inner diameter of the
upper edge 205 of the annular mantle 110 is greater than an outer diameter of
a side surface of the annular nut body 125 against which the hydraulic piston
135 engages. That is illustrated for example in FIG. 5, where a radius r’ of an
outer side surface of the annular nut body 125 engages with an inner side
surface of the annular hydraulic piston 135, and where a radius r” of an outer
side surface of the lower recess 210 of the hydraulic piston 215 engages with
the inner surface of the upper edge 205 of the annular mantle 110, and where
r>r.

[0047] The relative dimensions described above assist in providing a
direct transfer of loads from the lock screws 335 to the upper edge 205 of the
annular mantle 110, and assist in easy disassembly of the mantle system 100,

even after the mantle 110 has suffered significant wear and deformation.

[0048] FIG. 6 is a top view of a spanner 600, according to an embodiment
of the present invention. Bolts (not shown) can be placed through the holes
605 in the spanner 600 and threaded into the holes 315 on the top face 320 of
the annular nut body 125. That enables the annular nut body 125 to be easily

rotated by exerting force against the handles 610 of the spanner 600.

[0049] During assembly of the mantle system 100, the mantle 110 is first
placed over the main shaft 105 and against the flange 145. To provide
access to and enable turning of the annular nut body 125, the sacrificial cover
120 is then removed from the hydraulic nut assembly 115 by unbolting the
socket screws 305 from the annular nut body 125 and sliding the cover 120

upwards.

[0050] Next, the spanner 600 is bolted to the top face 320 of the annular
nut body 125. By applying force on the handles 610 of the spanner 600, the
nut body 125 is screwed down tightly on the external threads 130 of the main

shaft 105, which presses the hydraulic piston 135 against an upper edge 205
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of the mantle 110. The nut body 125 is then backed off by % to V2 turn to

prevent hydraulic locking of the hydraulic nut assembly 115.

[0051] Next a plug is removed from a hydraulic access hole 330, and the
adapter 550 and hydraulic fluid nipple 510 are fitted to the top face 320. The
spanner 600 is then removed and any lock screws 335 which were previously

removed to enable seating of the spanner 600 are replaced.

[0052] The hydraulic fluid nipple 510 is then connected to a hydraulic
pump (not shown). The pump is then operated to slowly charge the hydraulic
nut assembly 115 to an appropriate pressure, such as for example 10,000 psi
or 700 bar.

[0053] After the appropriate pressure is reached, the lock screws 335 are
manually screwed down onto the hydraulic piston 135. A relief valve on the
pump is then opened slowly to reduce the hydraulic pressure in the hydraulic
nut assembly 115, which transfers the tensile force generated hydraulically
onto the lock screws 335. The pump is then disconnected from the hydraulic
fluid nipple 510 and the adapter 505 and nipple 510 are removed and the

hydraulic access hole 330 is sealed with a suitable threaded plug.

[0054] Finally, the sacrificial cover 120 is reassembled on the hydraulic nut

assembly 115 and bolted to the annular nut body 125.

[0055] Disassembly of the mantle system 100 is essentially the reverse of
the above with the sacrificial cover 120 removed to permit connection of the
hydraulic apparatus and charging to release load on the lock screws 335.
With these backed off, release of charge pressure will de-tension the
assembly. Should the hydraulic apparatus fail for any reason, the lock screws
335 can be incrementally backed off to release the load manually, thus

providing a further degree of safety and assured function.

[0056] Those skilled in the art will appreciate that various components of
embodiments of the present invention can be made of various high strength

materials, including steel, steel alloys and other metal alloys.

[0057] The above description of various embodiments of the present
invention is provided for purposes of description to one of ordinary skill in the

related art. It is not intended to be exhaustive or to limit the invention to a
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single disclosed embodiment. Numerous alternatives and variations to the
present invention will be apparent to those skilled in the art of the above
teaching. Accordingly, while some alternative embodiments have been
discussed specifically, other embodiments will be apparent or relatively easily
developed by those of ordinary skill in the art. Accordingly, this patent
specification is intended to embrace all alternatives, modifications and
variations of the present invention that have been discussed herein, and other
embodiments that fall within the spirit and scope of the above described

invention.
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CLAIMS

1. A hydraulic mantle system for a gyratory rock crusher, the system

comprising:
a main shaft having a flange and external threads adjacent the flange;

an annular nut body having side surfaces and having internal threads

that are threaded onto the external threads of the main shaft;

an annular hydraulic piston having side surfaces that slidingly engage

the side surfaces of the annular nut body; and

an annular mantle having an upper neck portion and a lower edge

portion, the main shaft extending through the upper neck portion;

wherein the upper neck portion of the annular mantle is compressed

between the flange of the main shaft and the annular hydraulic piston.

2. The system of claim 1, further comprising an annular sacrificial cover

positioned over the annular nut body.

3. The system of claim 1, wherein a top face of the annular nut body
comprises a plurality of threaded through holes that each receive a lock

screw.

4. The system of claim 1, wherein a top face of the annular hydraulic
piston comprises a plurality of blind holes that each receive a distal end of a

lock screw.

. The system of claim 1, wherein a high pressure inner seal and a high
pressure outer seal provide a hydraulic seal between the annular nut body

and the annular hydraulic piston.

6. The system of claim 1, wherein a lower end of the annular hydraulic

piston defines a recess that receives an upper edge of the annular mantle.

7. The system of claim 1, wherein an outer diameter of the upper edge of
the annular mantle is greater than an outer diameter of a side surface of the

annular nut body against which the hydraulic piston engages.
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8. The system of claim 1, wherein an inner diameter of the upper edge of
the annular mantle is greater than an outer diameter of a side surface of the

annular nut body against which the hydraulic piston engages.

9. The system of claim 1, wherein a top face of the annular nut body

comprises a plurality of hydraulic fluid access holes.

10. The system of claim 9, wherein the plurality of hydraulic fluid access
holes are each sealed with a plug, which plugs are replaceable with a

hydraulic fluid nipple and adapter.

11.  The system of claim 1, wherein O-rings seal outer sides of the annular

nut body and hydraulic piston against inner sides of the sacrificial cover.

12.  The system of claim 2, wherein the sacrificial cover is bolted to the

annular nut body.

13.  The system of claim 1, wherein a spanner is boltable to the top face of

the annular nut body.
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