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BACKGROUND ART

Existing types of primary, secondary and tertiary crushers
for reducing the size of frangible or friable solids

- include ngatory'crushers. A typical gyratory crusher
consists of an inner truncated cone which revolves about a

central vertical axis of an outer conical chamber to
define a tapered annular space between the chamber and the
cone. The inner cone has a circular movement about the
vertical axis of the chamber but does not generally rotate
about its own axis of symmetry.

‘The movement is given to the inner cone by a canm
afrangement driven from beneath the cone by an external
motor and gear train. The gear train rotates a large
eccentric assembly comprising the cam arrangement which
¢auses the shaft on which the cone is mounted to revolve.

sulting
ut er

about the vertical axis of the chamber whereby the point ’

of intersection between the vertical axis and the gyratory
axis is above the inner cone. Consequently, gyration is
almost entirely horizontal resulting in the size of fhe
annular space between ~ the inner cone and outer chamber
being relatively small at one side of the inner cone and

-
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= 2- relatlvely | arge at the opp05|te side of the cone during gyration.
This large variation in the gap of the2annul ar space results in a
relatively | arge variation in the size of materi al di schar ged fromthe

' crugher Cbnsequently, when a particul ar naterial size is required, it
I s"usual |y r up t % of th dIS t '
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adopted in previous e3|8ns of yrator%Eprushers to cr¥sh fran ¢h§zor
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expense i propensditg 6fathe nErwsloawnte t@éai‘ hend I biséa dowppar at us used to
generate this crushing action. In accordance with one aspect of the present

invention, there is provided a crushing apparatus for frangible or friable
material 3ddptiionadly, athew cirponrnte chefbethe orcxwaleewi mpeshi Famt eri al

and a Cenhﬁ'viﬂgsehg gﬁnap%ﬁw A %%ﬁ&%rﬁ headidse £ qs&:,ovsawb
.di scharge openi efinn hroat™"having a circunferential wal
! crushing assembly are required to e of a complex and

precise design which makes the replacement of such
components a very expensive task not only in térms of
component 'costs but also in .down time by requiring
specialised maintenance or repair personnel to attend to
such matters.

DISCLOSURE OF INVENTION

It is an object of the present invention to provide a
different type of crushing action than adopted in previous
designs of gyratory crushers to crush frangible or friable
_ material so as to achieve improved crushing efficiency and
et reduced expense in the repair and maintenance of the
crushing épparatus used to generate this crushing action.

In accordance with one aspect of the present invention,
there is provided a crushing apparatus for frangible or-

friable material comprising:-_

a bowl héving a chamber for receiving said material
and a central discharge opening disposed at the
base thereof, said diééhatge opening defining. a
throat having a circumferential wall;



. -3- a crushl ng head di sposed generally centrally wthin said discharge
.openi ng having a crushing face in spficed relation to said wall of

said throat defining an annular nip between said wal1 and --the crushlng
face of said head, said crushing head having a gyratory axis; and a v»x

drive assenbly for dr| ving said crushing head within said bOV\A wher ei n¢

sai d crushi.ng d]emnsmrmmwd atii spossbgeneralkl vyl cemtisal hyrebthbn ‘a support
assenbly di spQg @fﬁ@&aﬁ%s‘% %Jl%ﬂgf |.x %}éﬁ’ﬁlﬂ&s' phop rehative to

the central axis o I VO olnt at the
i ntersection gPasad gwekaiemndo canidl valks °ftosal‘gerﬁ¥%'°atrot ati onal

and osglj I atf)r&éflrﬂmg)ran afnrfdl £ hegsl mexgasﬁcpowml sang ftxned PI vo.tcI
poi nt being |oca oxil mate 1o, or.,cqincident ﬂe oitom of sai
P uohi o, hoad BsReit: SAGH 198 | ARit CheEd o tetd fmabiad heSoe T
caused to be jeoviord rargynatory akisctamh general |y transverse to said
central axis and oscillation of the bottomof said crushing face is caused
to be predomnantly. in a direction parallel to said central axis.
Preferably, saidrivemssramble skom| \Arivingdesaid r cereshingshheaddi sposed
~centrally vmtlwlrthsiqd Gy for rotation about the central axis, said
shaft havi ng one axial end di sposed within said chanber for engaging said
head in such a manner so as to dispose said head at a fixed angul ar
position off s%dx@:hh&aﬂ@tdz&ismimgs ldacaigl swhpbitedi astoppesiteti ng
rel ative rot at ! %f’et liseaxl'edop%yd anduz;sﬁaeldt Sahs‘fisfﬁgmbly disposing

sa1d crushlng head at an offset p051t10n relative -

to the central axis of said’ bowl_ about a fixed

pivot point at the intersection of said gyratory

and central axes to permit' ’rotational and

oSciiiatory motion of said head about said point;

said fixed pivot point being located proximate to,

or coincident with, the bottom of said crushing

head such that oscillation of the top of said

crushing face is caused to be predominantly in a

direction generally transverse to said central axis

and osclllatlon of the bottom of said crushlng face

is caused to be predominantly in a direction

parallel to said central axis.

Preferably, said  support assembly includes a rotatable
shaft disposed centrally within'eaid chamber-fof rotation
about the central :axis,_said shaft having one axial end
disposed within-said'ehamber for engaging 'said head in
such a manner so as to dispose said head at a fixed
angﬁlar position offset to the central axis of said shaft
whilst permlttlng relative rotation between said head and
said shaft. T
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Preferabl&, said fixed angular position is mainteined by a
locating pivot pin or'journal interposed.between said head
and shaft, said pin or journal having a central axis
coincident with ~ the



Pr ef er abl y, said fixed angul ar position is maintained by a |ocating pivot . _
pi.n or journal interposed bet ween saLd4head and shaft, said pin or Journa

having a central axis coi-nci dent - Wth
the, 4- gyratory axis of said head, and pernitting relati ve- _
rotati onal novenment bet ween sai d shaft and head, thereabout.

Pr ef er abl gyraherguppsis asfendhid nbleades anﬂﬂ'manmﬂﬂqﬁqﬂ\unaiﬂtiY%int_for
suppor t Ngobfes Ghushi NRoUERUnLe! AbbxGieled [ NI  HdRH NGuld Chdad At onal
and nutattonal notion of the head about the pi vot point, the joint
compri si nfherpabPePubt nating conponents, one conponent being di sposed
centrally within the dlscharge opening at the base of the bow --anhd -the

ot her ent. . bei d__at he t.r axj al head.
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wher ei n: - ur e emat 1 .C el evation of the crusher
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sectional el evat on o rst..e di nrent of, the cr hﬁﬁe %4 is a

sectlonalcﬁPE§§} 3n UFtPHB & Eoﬂasg Fer@Reing Rt d Yure 5
is an expbodkd whaw ehet hethlaf t compomient being disposed at the

trailing axial end of the head.

st ‘BRIEF DESCRIPTION OF DRAWINGS

The invention will be better understood in the light of
the following description of two specific embodiments
thereof. The description is made with reference to the

accompanying drawings, wherein:-—

Figure 1 is a schematic side elevation of the
crusher indicating the principle by which gyration
is obtained;

Figure 2 is a plan view of Figure 1 in the region

of the crushing head;

Figure 3 is a sectional elevation of the first
embodiment of the crusher; '

Figure 4 is a sectional elevation of the second

embodiment of the crusher; and

Figure 5 is an exploded view of the shaffT-piyot
pin, head and knuckle of the first embodiment. -



pi n, head and knuckle of the first enbodinment. - It should be noted that -
. the drawings (particularly Figure 1 depict a crushing head .having an
exaggerated gyratory angle for the. poses of illustration. I n" practice,
the gyratory angle may be nuch nore acute than t hat .shown; conver sel y\,{'
this specification does not exclude the gyratory angle being more <
obt us&t MBRES -G @ERRA N(hﬂfltﬂ'é-lliirm$ Ofp&othcukabbyli nBihgurere directed.
t ownar a & n

frangi S)I e gﬁ&:‘ rlgiab e mat eri h?é&l%gﬂlﬁaﬁn%’g#é%féeyi& #?Pﬁ{:o%?aw ngs
concegdie for ithe purpesss @fishekuatrathon: ses %1 poartice. atheushi ng head
170I agq;ﬂa\t?ﬁqssemyne &Rﬂ(a&Jpﬁmé%%&ﬂﬁd?wathﬁg?tﬂaﬁpQﬁSQnat oppolsite
ends 0 e reoyver e s ort_asse gdeneral ly
compr COBY S RERT ki ARG AT « HEOSReneF *r M VbARe 13, Chedhar 21

di spogad-ativaye arfmle:mﬂlng]gndmcbﬂﬂumd a pivot pin 23, inter posed bet ween
the shaft 21 and crushing head 17. The bow 13 has an inner conical chanber
15 provided with an upper CI rcul ar m)uth 25 through which material may be
deposi ted i nt MODE ' LY | O nENVIBNDEQON a wal | 37 on the head
and a wall 39 on the bova “and a lower discharge openi ng 27 through which
crushed material_is di scharged from the _crusher. The di schar ge opening
27 defolds smbdisends kA @%%‘}%&ﬁ@%ﬁlﬁlmce%%mmaany &8nical wal
39 within which the crushing head 17 is disposed. - The chanber 15 is
generally symetrical about




a central axis AC, and may be also fornmed with a circunferential conical
wal | 24 .of opposite taper to the wall 39 of the throat. Accordingly the
mall 24 converges inwardly fromthe mfpth 25 towards t he di scharge opening
the bow to adjoin the throat contiguously.. The circunferential
Y 39 in general, subsequently diverges outwardly fromthe chamber 15 to.
the basehef fiorem kEia Wrddswequenttier fde cframgibhlee ot wiklhiableand wal |
39 my %%fng a circular constriction 29 within the bow at their junction
althougﬂ‘ certal n forns or shapes of bow nmay not necessarily define any
clear point of constriction. The knuckle 19 is fixedly disposed centrally

Wi thin 5\% Unher G ORBRIIE A7 &F dHE Mlﬁesl 'éoﬁééﬁﬁéhh!ypf-%'eded Wi th

a hem spherical face 31 usually faC|ng t he chapper : pherlcal
face 319¥F@HIYs crushar ddofamrmifes @ Rt ubhing h%ﬁ‘dslﬁngnag
define 1z, um vaﬁaid y aysemﬂw,e gred Nta ssupportt Heserbllycaoapi \201b rot at e

and/ or utate nuckl e about. a vot nt ' de mnth t he
cent raI ARPES éo(ﬁq" tcﬁ)é)o L*'.fﬁ) % ?%e tg%rat oéf)él)aam S%ﬁg?@%he ?:'bushl ng
head 17 suppdrt: lassednkiliyo R 0anf Zthanekﬁﬂim ¢empriges Thcknyrckdri A§ head 17
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33 of |lessér dianmeter than the dianeter of the circular constriction 29, a

| over cidPoYiear thensrushing deash k] |and 13 RHeCt PR PAcelBierprged

gr eat er pditwERire 't Ahdfte i A druidhide weagt17¢tion 29, and a conical
crushing face 37, extending between the. peripheries of the upper and

| oner faces 33 and 35 respectively. The lower face 35 of +the head
17  is Thet bawly 13dilsdwedr dmiexvicmicdiearhangbenr 18cprovidet updtht he

hehLSph%rrli C%lppfe%pe %‘cqlérh%om% ethrlgug}?ntghigﬁrm;:erial may be
deposited into the chamber 15 for crushing between a wall
37 on the head and a wall 39 on the bowl, and a lower
discharge opening 27 through which crushed material is
discharged from the crusher. The discharge opening 27
defines a throat 38 having a circumferential substantially
conical wall 39 within which the c¢rushing head 17 is
disposed. The chamber 15 is generally symmetrical about
a central axis AC, and may be also formed with a
circumferential conical wall 24 of opposite taper to the
wall 39 of the throat. Accordingly the wall 24 converges
inwardly from the mouth 25 towards the discharge opening
of the bowl to adjoin the throat contiguously. The
circumferentiai ﬁéll 39 in general, subsequently diverges
outwardly from the chamber 15 to the base of the bowl 13.
Consequently, the convergence of wall 24 and wall 39 may
define a circular constriction 29 within the bowl at their
junction although certain forms or shapes of bowl may not
necessarily define any clear point of constriction.

The knuckle 19 is fixedly disposed centrally within the
discharge open;ng 27 of the bowl and is generally provided —
with a hemlspherlcal face 31 usually facing the chamber
15. . The hemispherical face 31 provides a seat upon which



uni'versal pivotal and rotational novenment of the head about the pi vot

.point B. The knuckle 19 and head 17;qr.e each preC| selly configured so.

that the head may be seated in the region of the discharge opening 27
so that the crushing face 37 . thereof is positioned , adjacent to, a
but spaced from . the circunferential wall 39 of the throat 38 to exten
. bel ow t BRe eeﬁshing:thﬁa PP mmyd sit defi rdbefime aainmmivemﬁnmly bet ween

t he wal co f quent |y
he G chifSralfe TER, &8 Bl Gl aRad Guilpy3SE, Fathre adB/BEN.
maxi mal nuuﬁhﬁeumn e knucklie ahoude a d?ﬂém g’omtsoBtmiQW%m’ze of the
gap lbftwéﬁ tbﬁecguuxaaégl\%uaﬁml g foa.eceu{’e? mﬁw&tlﬁ? g@élh é’ﬁra’iﬁb st ed b%/h
axially 0 re I \e- c ead. or_.,novi ng the
knuckl ea’éﬂD ﬂ%a%lf a{};fealqﬁ}‘%“&t?\? 'h@ a“nn*e m e Feepi® t he upper
pl anar éruehBig dieadhddthead is forned with a CI rcul ar recess 49 having a
central axis di sposed- orthogonally to the plane of the face and being
coincident with the gyratory axis of the head. = The recess 49 is
provi deBheo exeshinsfeaddd dsd gsmemad 1y Wk fmw%—mk@% fAR®Nnect s t he
gead 17hé\6‘%1b?rﬁ{tuﬁ5br Pigcwhakt planas WG&M owsw ralismetex of the
rive asse

S r.the . top,of the | tatlon of the shaft
about tHaaR T’#?aé %ﬁ%serAe%ththif g‘ﬁﬁ@r cfg’s gt é’r;é) Ynd 47
has an e:tﬁcxi]aane pli aafaas €@ cien 38n palrailded oarkhe mpm rfsgle $3actamh of the

shaft. t egﬂéftdi%%‘%@ g n t\:ﬂ% Q4lable Y Uih @offgtrtﬂ:eci%}?‘ft like

t he he a so provid a circular recess Ini1ts end face,

havi ng %19ce#ﬂ4eﬁ %ﬂi§31dP§p‘6§é&90ﬁPﬁ§g§ﬂal B tending hekreaw tthe end face.-.
and beipér D reles of the upper and lower faces 33 and 35 \J
respectively. The lower face 35 of the head 17 is
centrally dished to provi_.de a bearing surface'to sit upon
the hemispherical face 31 of the knuckle 1_9. .and permit
universal ‘pivotal and rotational mov_emer_lt-' of the head

about the pivot point B.

The knuckle 19 and:héad 17 are each precisély' configured
so that  the head .may be seated in the region.of the
discharge.opening'27_so that the crushing face 37 “thereof
is positioned _;adjacent to, bﬁt spacéd from, the
circumferential wa11539 of the throat 38 to_-exténd below
the cbnstriction '29 and so define an annular nip 41
between the wall 39 and conical crushing face 37 of the
head. Consequently the diameter of the lower face 35 of
the head 17 is less than  the maximal' diameter of the
dlscharge opening 27 so that the size of the gap between
the conical crushing,face 37 and wall 39 can be adjusted
by axially moving' the bowl relative - -to the knuckle and
head or moving the knuckle and head axially relative to
the bowl. = -~ — - : -

Iﬂ .the cor;ept, the upper planar face 33 of. the head is
formed with a circular recess 49 having a central axis



a prescrlbed di stance_fromthe central axiszC of the shaft.. The recess
5r is provided to accommpdate the otheR end of the pivot pin 23 so that
the.shaft. and head are interconnected by Virtue of the pivot pin 23 The
p|03} pin 23 is of a right C|rcular cyllndrlcal shape wher eby 't he opposi ng
hal ves of n.form out wak cti bea n o}
receivable ngﬁdth%n%%%% ; éﬁ rﬁhf f%%% %édﬁgiggshaft
to fix theoiheddenti7with the rgmt:o:tned a:eﬂrﬁgulcaﬁ dﬂsﬁposheaﬂm rel heve to
the centra e@éh A&M@é'ﬁ%@géa tid b dSimiddaice r&iatéﬁwa&f tHBV WBE |
bet ween and " shatt and revol ution of t e .he deﬁf the
central axP%n 22 vhichinterqannegts thahgad 11 a ty,—the

central axes of the recesses 49 and 51 and pivot pin 23 are coi ncident with

the gyrato f. the head The & th ot pin
23 may be {ﬁ%? #\%?%fojfﬁ; TN ?]%etocrc}anbslpﬁ%{c?alcfepté 1[3% he rece§§£g¥49 and
51 to spacesshnblmd disposed amba;ppﬂre feere o3 Himhovko fomtrehetdany :

bearing s f%ﬁéé}% %&J@ t‘i{?c}?eﬁ}.‘klh%éi@%wroﬁtthé Ehambept 18in. A
dust seal (not shovvn S ovi het ween t he g 5 ace 47 and the upper

face 33 t oTheal outer pﬁ"\'ff‘alan(?nar eddssd@s @dmeis edidR 88ing

crushed w ébifqidplené .td rthy erghHyet v a:mcmxastmmt.t he faces 47 and
33 may be kept apart by other nethods such as by the opposi ng ends of the

i nner and outer races of a taper roller bearing. In operation, the spindle
43 *of then the viirstssmizdiment t \hhie duteriiaxdal y end ved? byof htleaul i c
ot or (not?ﬁw) e 'l-.l{‘ea‘ﬁ%%% t1h;e sﬂ,afatls%l pvida QPPW dfoGeRL! al

axis AC crushlng rotates,” the crushing
heads 17 %#$¢ss pl idnuda e!&dofafcarathémd’tg qeé‘tral axis disposed

orthogonally to the plane of the end face and being offset
a prescribed distance from the central axis AC of the
shaft. The recess 51 is provided to accommodate the
other end of the pivot pin 23 so that the shaft and " head
are Iinterconnected by virtue of the pivot pin 23

The pivot pin 23 is of a right circular cylindrical shape
whereby the opposing halves of the pin form outwﬁrdly

' projecting bearing portions rotatably receivable within

the respective recesses 49 and 51 of the head and shaft to

fix the head 17 at a .prescribed angular disposition

} relative to the central axis AC whilst permitting relative
s rotational movement between the head and shaft and
revolution of the head about the central axis AC of the
crushing chamber 15. Consequently, the central axes of

the recesses 49 and 51 and pivot pin 23 are coincident

with the gyratory axis GB of the head 17. '

The axial extent of the pivot pin 23 may be marginaliy
—_ longer than the combined depth of the recesses 49 and 51
to space the end face 47 and upper face 33 apart, so that
the only bearing surfaces between the shaft and head occur
at the pivot pin. A dust seal (not shown) is provided



_prescribed angul ar di sposition about the central axis AC by pivoting about'

. the pivot point B of the knuckle 19 |Ist generally being free to
rotate in any direction relative to bow and shaft around its .
. gyratory axis GB. By having the pivot point B |ocated proximte to, or Sy

coincident with the bottomof the crushing head and by virtue of
the rbeaween thepemd aface r47 candnthe puppen Hacei J3rtoi seadf the

constri ﬁgkonﬂna%a@éésé@ Bloh h&ﬁ&w@é @@%%f&i $§£€?3Zr93h£&e head,

t he gap e nip 41 typicall varies only marginallTy about the
| oner pﬁ?FBHér?helh9¥ﬁ t he botton1of the crushing face 37 of the head
. throughout an entire revolution -of the shaft 43, whereas._the upper

h f f h |
et PRCEY SEngk, ed Sl S S Ol Facils oy ka3 yrhgc! Y
constrikeptn @pavt the Qﬁhﬁr d!ﬂithfgiﬂ hﬁ%ch AR | R |%PPO¢PE RGaeRrds| n t he

absenceogf tRBY1 hfsH S&d&/%&é&f%@éé\%ﬂwlta&ﬁ ordIEePEBéarigi Ng revol ution
of the same about the central axis AC, the head may rotate relative to the

bowl and to the shaft . =~ However-, when frangible or friable material
i s deposint eferdt Lod hetlphapimdlle 43 cafh the rhrdve 259ssembly. iecei ved

i t hi fl f dt
Fesior EbpiesSEP IR AN e R 40 QIR LA b BT, 10
shaft 2thigh|cawses e shafit R dpuotake dmutiithaicentrahmkifie crushing

0 R Ol By ] e e e el
nut ation o e hea e he elf will rqotate about its ra ory axi s
GB.  ThEURRing g hRady oMk iqo Lt%ﬁ (IRNSRS g tho o qi e g\ttt orgé/%m s .

is  appposserildd tamgudare @ dpus ifeidnabruta they dedtoal aixihagyr at ory \j

axis  aOUl;vdiditng GHEURlthe Pivdt gint WVRSE' the Sdlfikie 19
whilst generally_ ‘being free to rotate in any direction
relative to the bowl and-shaft around its gyratory axis
GB. By having the pivot point B .located proximate-to, or
~coincident with the bottom of the crushing ~head and by
virtue of the  relative spacial relationship and
configuration of the constriction. 29, wall 39 of the

_ throat and conical face 37 of the head, the gap of the nip
41 typically varies only marginally - about - the lower
periphery IH of the bottom of the cfushing face 37 of the
head throughout an entire révdlution of  the shaft 43,
whereas the uppet'periphery EF of the top of the crushing
face 37 of the head typicaily provides a relatively large:
degree of change ih'gap size proximate the constriction 29
of the bowl during this revolution of the shaft. S

In the absence of any resistive“force being apﬁifed to the
head during revolution of the same about the central axis
AC, the head may rotate relative to the bowl and to " the
shaft. However, when frangible or friable material is —-
deposited into the chamber 15 through ‘the mouth 25, and is.

. received within the confines of the annular nip 41, the-t_
material will tend to reeist rotation of the head relative



'-varlatJons may occur as a result of the frictional effect of the material.

hei ng-crushed between the ~crushing wall and face. . This may result in

a slight circular inching of ‘a point on®@he | ower periphery IH of the head
@ respect to an adj acent, point on the circunferential wall 39 of the

di scharge opening in a «cl ockwise or. anti- clagkwi se direction duri ng

nut ati on ©é tttee he}:mizl.Thus Consequentdyi,althes sheftped widdi eomtdnme 41, the

materi al ApPLefR Bl ehitiq WRAD WS hidhitha) cRlushiiery NeAdl7 whi ch

ensures r etvveen t he shaft 21 and t gte t]@
consequerif4ld er%ﬁﬁ@é‘—iﬂtﬁléﬁ ntade ahoute e Bdvey ﬁ’@ié’&r -or y PRENSR
t hereof afigh  MustatslcH idENahehlead@) ameUt hidad piivmtelfoi mild ofrotl:tﬂdmuckl e.

Consequentl?%%tet h nut at i g:g,’%lgsggﬁ sor&Bcreai;I@l% !tlra% hRead revdilt a point

on the st of 8§ hIYtE %t 1ig along an arcuat e pat h aV| ng a
verti cal cbnq:lmdr&adarabomtartbeelgy@ad:@myom @B dvedPProximatelYespect

to the " YlameXigh Afie? f pleh8 ol $HNY revid1udioH Qmeh@matdwythls

nut ati onal fotion is onl y ac |eved when t he _pi vot p0| nt Bis ted

proxi mat @%ks @b ndhgenceoptagl théxﬁéttoﬁ%f t ROVENESHI ng tihe
bot t om Oéarﬁkﬁo:fd usdayng»cl&e&d alselange@efmecf ttheh e il ipinaile effiendi dent

with the ttom qof Ggrushin ‘A t R, t
osci |l | at |9)tﬁ the t"f?g" Petlﬂg (?Fﬂl‘%ll?ieﬁg Aoty }tsheca{}seghm@ Wil
predom namd y fave dir amﬁlsomagemsallltym anSldidd tcéllcﬁéarcé-ﬂﬁl"é-lngam s AC

(1.8 hodeqigdne Al eARChblAL Bordbhery! NaOdOMte hada cwﬁm ng face
37 is cause be predom nantly”in di rect Jdon ar aI I e central
axi s Aegpect k& t gggrAIaceRls P°&“"cr°l95|’hhﬁg W&;‘g appl i ed

t v mat eridilof MaGei W &chéirigei nopledng niim 4l la:;lac]m:i.lsbl ne oam:fi-
transver Selocriéj ivseer tdi"raelctgsé%l ldlu%t:i.n%n%u%ati%% of the head. ' '

Thus, when material is trapped within the nip 41, the
material applies a retarding force upon the rotation  of
the- head 17 which ensures relative rotation between the
shaft 21 and the head. This consequently ensures rotation -
of the head about the gyratory axis GB thereof and thus
nutational motion about the pivot point B of the knuckle.
éohsequently,'-the nutational motion created in the head
results in.a point on the surface of the head oscillating
along an arcuate path having a vertical component and
transverse component of ﬁovement with respect to the
central axis AC of the crusher. It should be noted that
this nutational motion is only achieved when the pivot
point B is located proximate to, or coincident with, the
bottom of the crushing head, the bottom of the crushing
head being defined to be the plane coincident’ wrth the
bottom of the crushing face. At this --positd.on,
oscillation of the top of the crushing face 37 is caused
to be predominantly in a direction generally transverse tq
the central axis AC (i.e. horizontal), and oscillation oﬁ-z-
the bottom of the crushing face 37 is caused to be-
predchinantly in a direction parallel to the central axis



crushing head. .This type of crushing action provides a nmuch nore
Jeffective distribution of force upds material trapped wthin the nip

whi ch reduces the tendency for the head to inpact the-material during T ey

nutation thereof and pronote the wuse of pressing forces to continuall

press the material between opposing sides of the nip once contact is™

made. AlAthdugte.noertiicad)y sfhme i @ t erushdghgdotions dsi n@lweysf
nut at i ng4:11q JaradcAbaidle el 101 Wl 3% & vﬁtHiQﬁUHh% nAphoi1 Qﬁd

different” parts of the surface of t €, Sl us i.n Iternat def|n|ng
i ni mumGATP MG R Ofa §§a(5‘ts SHRE & Lﬁtﬁfl g’”ﬁ@&@%&ﬂ Sn he head,

face bein eq'r?é'%g%% ec@i@%o'&ﬁtétx':i | I 1R c‘aeackipoﬂt h§iate¥1a2PPOSI Ng

si des of" any one itine, an stmlar correspondi ng

maxi numtgapped hefirbb)innﬁheampmwﬂlrﬁimwe%ft%éeﬁ‘éﬁnﬁﬂ £RF BH& om of t he

crushi ngeld24e i lﬂl?)a?ﬂ [tﬁU ha&ﬂialOfduﬂhﬂﬁe nutiation etheglof! OarmCh
ot her. For exanple head s tjlted to one_side,.as_shown

Fi gure Progote pdhey, &\ﬁnengg Pt‘l‘?é ing forces Foq SQnsAniAd LY PESEE of the
head cotpRemaAtRrigit hbet-_heenpl loppeisdirent isdldesal lo£39 the r adpecoinead y define
m ni rrum%ﬁ c\%f the p for the top and bottom of the crushing face 37,
concurr I%? OSl ng points E and | defining respective maxi mum
gaps of the nip for the top and bottom of +the crushing face. It should

al so be A&%%%ﬁg.h%taaleah@rorswo% o i '&hd%dl@x’igs' t%hﬁ%DPQH%@Q. Jdroma

mMmninmnumto Xi mum si ze at either _the n% om 0 ad then t he

conver s@Esmukatiag the bead, aheul thee pdy, % off®§H Fﬁe so -

that thew& oalyal @afferentpaparals prfogﬂmssufacre ) 31 eheabrds\!uirtghr ough t hes

ni p aro%ﬂ%a‘% %@55%21%' %%qkﬁ %nﬁﬁﬂ@iu%ngﬁ?%aximum gaps of the
nip during a revolution of the head, but corresponding
minimum gaps.of.the-ﬁottom and top of the' crushing face
being disposed diagonally opposite to each other on
opposing sides of the_head at any one time, and similarly
with corresponding = maximum gaps, the maximum and minimum
gaps of the top_of'thefbottom of the crushing. face being
180° out  of ,phase with respect to. each other. For
example, when the head is tilted to one side, as shown at
Figure 1 of the drawings, the points F and H of the
surface of the head co-operate with the circumferential
wall 39 to respectively define minimum gaps of the nip for
the top and bottom of the crushing fece -.37,- :c_oncurrently
with opposing: pcints E and I defining respective maximum
gaps of the nip for the top and bottom of fhe crushing

face.

It should also be noted that as one portion of the nip has
its gap changed from a minimum to a maximum size at either . .
the top or bottom of the head then thegcoﬁVerse situation
is occurring at thevoppcsite;portion of the ,ﬁip .so that
there is always .a partial piogreséion of material down
through the nip around its entire circumference as opposed

-—— — = -~ —
aatd —
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to a.total falling through of material through the nip after it has
.rreached a m ni nrum gap si ze. For ex e, if the top - - of one side of the
head defi ned the maxi mum gap for the top of the crushing face at a ,
pqLitlcuI ar point intine,. then the bottomof that one side of the head

wotl d define the nmininumgap for the bottom of the grushi f.ac d
materi al W@ul@ okl sﬁ.ﬁa’g’i’miaﬂ‘hfp‘égl?/-%ﬁdb%‘be’f Bs .r°&9q€r%%§5$f urt her

\rMe1voI \éedtg)ft%'ﬁr{& fhgtpvpé@mea he neshmpe gopl s e 0gr Fosi \estampdecordef | nverted -
er eby e top o e one sjde o : = ' ) Ni mu
gap for '&;@ tg‘ip of°{he°'b"f’ LE')'h‘lP%go‘If a%lggalbn h%@%%getd;?nmoéqu{i%%cﬁﬁegsii%el of mt he
head woul fonotheletomert cherenaruaivingpidee ahe RATHIAVIAT MARYusH ng face.
gap voul e A e sk a e
SSI v e crushed, reas mater,i.al dispase n the
regi on ofde %WW’Q&WWR}I Eﬁ”bg\‘%%??‘?/g??/m b%terté'feefsréﬁ%nf&%éshi ng
FrestsEre andl Rdtevigl twoudkd :ocmipg heubgtantialbyver V-dibaped ggecegmni ng.
n hi s _ manner nat eri a ro ¢ h [
plurality?®o _%st&?ﬁq gﬁﬁ‘f%&e.r Tﬁ%%‘?i‘ges‘?mel?% leé(?i ci en%vec%’us hlengl‘%pse}?gaéi@gh :
provi di ngwoul epteyremd ivel wibemems: cinvested whexrki the &an @fdhan with
previ ous §xpegi 8l &t UMl g Ao IBOFL AN cifél il it Qfagl Nz esent
enbodi ment 'Ts at mai ntal ning, a m ni nrum ncl}jl Xi mum q} any point
around t hehei reemf @fenddhof FFRsHng afta‘f?lea‘?%pt %ﬁ%%afgft % fﬂe‘yesurface
ﬁf Ejhet ﬁryﬁ@é_rug% hassl rexh '\ﬂcﬁﬂfd/&i&a @Eﬁﬁaﬁ@ thegiesiune gapydlait | ditee of t he
ead, variation j.n size .ol r ushe | )
t hr ough _%{%ﬂ‘ sc‘?grtgfbe ocp%‘fﬁ)}fd’%fﬁﬁ%‘m t hceorg%énﬁ%@l'slydf Q{l{?e%]ﬁkrdffl [ E 2%
small,  tthest wad ueiously disposed withinithe maximumgamcdinvhdly
t her eby %?ﬁé%i%lﬁ%t@fﬁéﬂd)’ﬁm'é‘gné't'f&ﬁ_ﬁﬁ(hﬁsyodﬁ Aigneg of

mat eri al s not been sufficient red i ) i
gap size xegion of the minimum gap woui&l .proguxg:éas_ds:Il.vneelsyI T3 reﬁ. aussetére nt of

from crushing pressure and allowed to fall out through the

lower discharge opening. In this manner, material
progresses through  the nip after a plurality of
oscillations. . Thus, a more efficient crushing operation

providing a greater volume of usable crushed product is
achieved than with previous types of crusher designs.

An important advantage of the present embodiment is that
by maintaining a minimum and maximum gap at any point
around the circumference of the nip at the top and bottom

-~ of the surface of the crushing head and vice versa during
progressive revolutions of the head, the variation in size
of crushed material permitted to pass through the
discharge opening 27 from the confines of the nip 41, 1is
small, thus allowing the size of material to be set’
accurately thereby obviating or substantially reducing the
need for re-crushing of material which has not been
sufficiently reducéd in size. Adjustment of gap size can- - _—
easily be provided by simply elevating or-loWering the
knuckle 19 axially within the bowl or conversely the bowl
relative to the knuckle. Similarly‘adjustment of the gap



" easily be provided by sinply elevating or |lowering the knuckle 19 axiaIIy'

W thifn the bow or conversely the bow_relative to thé knuckle. SiniLarIy_If
adj ust rent of the gap size to co nsate for wear on the crushing .-
surface 37. of the head or wear on the hem spherical surface 31 can be -

performed in the same manner. The first_ enbodi ment of the gératory crusher .
ik

i s shownsize @ gampensate fpReWearafingheafgusbingosuriasg

& uBbn the

concept Ughe dasddd Pldronwehrt b theshemisphAecdondi Bgkfacet Bt sanebeefer ence
nuner al s_usgd in t.he ngeptual .. cription of the crusher have been used
peEForned, 1 R BERe a8

V- correspondi ng parts. The first “embodi ment
] - from the conceptual description in-only mnor respects. The-
bow 13 tge Of 5 SRIGRHCRAmEAENLENLER G9FRELEYSc2lishbBNEE PEhGWAN atda

bl nounted _wthi'n_ an, outer frane_portion 13b with base
Blaurmer p&f | 5Ho138TaNABAScaPandE CabaRLY Rased upen BaS o
provi de conceualedesegiptppnr bff theaceashedat i nyctbedshgly, 21the An -

in the
departs

adj ust a
13c- and

anti-tr
i nfrang

s TRt fupagh B RHEh, TRy shE BEpSSBLATL S0RbeEREIOR,

to enable -
magi ng

t he respeftthes cousdlernbhavecbeenf ushd hpatthe7dzavwingrobe 38dembhidf¥econd

enbodi Mg ,of

is of a margi

al t houg

h still enmbodying the conceptual description of the

i g£g_brusher is shown at Figure 4 of the draw ngs and
iﬁgpﬁygé{?%erent design than the previous enbodinent,

crusher.

Accor di npie/, tfi@s%2TE ehBbRLABAE NUABPALEshaverbrenthéedeoncépeualani ng to

i denti f
describ

y. corr.espondi,ng parts, of

escriptiop 4n”oBly BARGE) TREERFFR: | on. |
The bowl 13 is of segmented form which comprises an inner
portion 13a adjustébly mounted within - an -outer frame
portion 13b with a'bése 13c -and an upper portion 13d which
extends over the rméuth 25 to provide a large bearing

support for accommodating the shaft 21. An anti-tramping

mechanism (not shbﬁn) may be of cdnventionalfdesign.to-

enable infrangible material to pass through the annular
nip 41 without daméging the respective crushing faces of
the head 17 and throat 38.

The second eﬁbodimenﬁ 6f-the gyratory crusher is shown at
Figure 4 of the drawings and is of a marginally different
design than the 'p$eviOUS embodiment, although - still
embodying the- con&eptual description of: the crusher.
Accordingly,fthe saﬁe-reference numerals have been used in
the drawing to identify corresponding parts'Of“the crusher

which were previously described in the . conceptual’

description.

The second embodiment departs from the preceding

t he cru?her whi ch wer previ ously

-

A

embodiment in that the upper frame 13d extends over. the

mouth 25 of the ‘crushing chamber - to “provide a "double
bearing support <for accommodating the  shaft 21,



The second  enbodi nent departs. from the preceding enbodiment in
that the.upper franme 13d extends over _ffie mouth 25 of -the crushing
chapber® to provide a doubl & bearing support for. . "accommodati ng t he

shaty 21, Consequently, the shaft 21 rray be of a different design
t han t hat prg in %E%O f:-gy At Qesiyddl e 43
may be of gg é?ggt*’ghglr\.t%uedl na%?‘e%xt gr%t provi de an out eer Journdl 53

accommodat suaw thah descriheddnditieet P&]el%déeﬁgencﬁwdadﬁff%n wiergb¥ he
frame 13d ggd aspmalfé APwaaalbeSBfa@cgm&Q&equ imuamn redentlitisret ral |y

t endi t he f |1
Capered rBRPPLSS R S iw%al&%%gcm%%%d R Y RS bow
The axi al dmdméfralslj orewendiny apoettdodl Skhich thes faamnitisid ginghan f ace
obl i quel y %ﬁ@?sﬁe L1t f'597 Ca%%@'od?’&'e& idhla iR ef N Ha é‘{!éaquy

di sposition shaft in-t pr ecedi_ng
enmbodi nent extendheg dmléﬁfiox\‘ ad8 6f, ﬁ&ﬁe\f-aa“‘q'nst m cﬁPiHIQIrﬁg 4% A ded

W':E a C'éfﬂhéﬁri GEEEP t &acqmdaﬁlsn&r@ @::?4@151 Pighd | 45 ntﬁttgreﬁéalle/ f?r{nﬁd
Wi a loc our na e jqurna ex Loutwar a e
required d?§f362 %ﬁ‘%n‘%f‘f‘s"@’t ’TFBﬁ\gﬁé’ELCent& ° & aé d’fde‘{j’?\ 5/\?@ .&/ As
in the wptncsdlé\giesubcvﬂwmnmnst ea jpaderal plarnax r diaxtenblopliepslgabl e
within a recess provided | r Har ce qfy the
crushi ng hggﬁp“ cc%°r dltﬂﬁ ceqtt%g‘isﬁggg oF ([)t(shteéls%{ agd re ilrIr %d cf'%t’si&o& tion

to the cdishositiomedd t:lls! outert facer eéédl oF erbhsdi £% o dachithge

rotational ,agdedKg tlcmdoammn dur itR@ I @udlexon ffced h@shatiowdvers furt her
enmbodi nent the d wi,th the head #7 and be

rot'a¥abl y 1REES Ourga\ﬁﬁimgn rPéfég?éegr #‘oviade('f’ EOURE o FCEPEH- artdr face

63 of the accommodating a pivot pin, is integrally formed with a
locating journal 54 so. that the journal 54 'extenés
outwardly at the required disposition offset from the
central axis of the shaft. As in the precedihg
embodiment, the journal 54 is rotatably receivable within
a recess 49 provided in the upper ciréulat planar fééé__33
of the crushing head. Accordingly, the shaft imposes the
required disposition to the crushing head as in the
preceding embodiment to achieve rotational and nutational
motion during rotation of the shaft.

In a further embodiment the journal 54 may be integrally

\_/ formed with the head 17 and be rotatably receivable within
a recess 31 provided in the ocuter planar face 63 of the
shaft.

In a modification to the previous embodiments, the.
crushing head 17 may be provided with any form or shape oﬁ.f
crushing face 37 such as an arcuate concave or convex
crushing face, instead of a frusto-conical surface. '
”' Accordingly, the shape of the circumferential wall 39 -may
be generally of such shape as to provide a reducing gap



shaft, In a
head :17 may be
as an arcuate

surface. Accordingly,

general ly of

nodification to the previous enbodinents, the crushiné

provided with any fornm.or shape of crushlng face

37

such

concave or convex cru ng.face, i'nstead of a frust'o- conlcal

the shape of the cireunferential wall 39 -nmay be
such shape as to provide a reducing gap bet ween t he

l

cr ushi ng Hetmeen3thef crashingidfagrs 3 ofithe heash\and f r3fn athe Ehmstriction

29 to thqpodalschéwe @Keoéoﬁéﬁ-fémrz% &ﬁwrdiwha?)chm tethe

my be at a

previ ous ggo I ments the position o t he point

hi gher of®H F<position relative to the head 17 than is pictorially
n a further enbodinent to the previous enbodi nents a
ead and

denonstrated. |

heoned mBuIEHEE SRBAdithO Yy A (i ng%{she Aibadibits | Khd|

advant ag®esatdopr o9f dethe owraintyr &/ ay. beyr &tody highepian dower

i ncl ude: po’éheioﬁoséwéiwmé aQiHy € HeadsUhTt arhia®l | M d €93 dtiorLdimy
e to the sinplicity of design and reduction in nunber

of conpoﬂ?ﬂ?nﬁngEe For exanple in conventional designs there may be 30 or
conponents whereas in a typical enbodi nent of the present

exi sti ng .Cr us

nore principal

i nvent i opthereg grsﬁ]ﬂ%%r,@ﬂémtt@ yf%ep%% G1Bs CRIERAY ‘i«nﬁ%% h3yi ng

Pr evi ous desi

parts, &hepstisbeaning may }ﬁﬁ doaqOVé%GdMW@eaf thee

gns nor-e prlnc

are 3 prpfctRal ne®Y 4l RAd Jower face 47 of the shaft.

By adopting the present invention, many advantages are
provided over previous gyratory crushers. These -
include: - ' ' S

1.

on,

‘of

The cost of manufacture is suhstantiaily less than
that of existing crushers due to the simplicity of
design and reduction in number of component parts.

For example in conventional designs there may be 30

or more principal components whereas in a typical
embodiment of the present invention there would  be

approximateiy 8 principal components.

Previous designs usually employ 14 or more
principal moving parts, whereas in a typical
embodiment of the present 1nvention_there are 3

principal moving parts.

Due to the simplicity of design there is a large’

reduction in the number of spare parts required to
be maintained on site and also frequency ° of
maintenance is_not as great. - '

.Réiatively'“éimplé hydraulic drives may be employed -

in the present invention as opposed to the use of

many
These

hee UpPEFent alﬁﬂ/er&?ﬁ on there

v



3., Due to the sinplicity of design there is a large reduction in the
nunber *of spare parts'required to be ppintained on site and also.
frequency .of maintenance is ' not as gr&at. 4. Rel atively - sinple
hydraulic drives -nmay be enployed in the present invention as opposed to the
use of  external electric motors and gearboxes fcuggwevious defigns.. 5-.
. Lubrication is extempaipledeatniicomotars and gaRates KRMIPTAVIHE to
the sinplicity ddsiguyponents whereas this is a conplex matter for

previ ous designs. 6. Time spent on maintenance is significantly
reduced due to the decreased nunber of conmponent parts than is. the case for
previ ous desi gns.Lubricatioe ist o a t impigpematiteneckmnithe ope¥sRE in
the present invenjjiheidi B! ddIPUnd CBUgXL Lyl o€ dngonenes My be
significantly | ess than that required - for SLEVT oS esi gns

where efficienci stheneas thds odder 8 oCOMHRX HAL R v otﬁﬁ?%g 183,

The efficiency adsigaearation of t he present invention can approach
100% in terns of the low quantity of nmaterial required to be re-crushed as .
opposed to previous designs where efficiencies in the order of only 60% are
usual | y obsai ned.Tifne spefite oor ustistenandec|is ignifigantly redwerdi ned

by using the PrEsely bl §ud:Naset hulbdB 'Yt YBHdHerld Pardd Ottingf an
inch with virtualTy no re-" crushing requj red as opposed to
conventional desidgh&henicaige Forc Py ieife ARSYIRr ti es obt ai ni ng

7. Due to the superior mechanism employed in the
N " present invehtion, the power input required ¢to-
drive the crusher may be significantly less than
that required - for previous designs where
efficiencies in the order of 65% may only be
obtained. '
8. The efficiency of operation of the present

invention can approach 100% in terms of the low
quantity of material required to be re-crushed .as
opposéd to previous designs where efficiencies in
the order of only 60% are usually obtained. .

9. The crushed particle size that can be obtained by
using the present invention can be much smaller
than 1/16th of an inch with virtually no re-
crushing required as opposed to conventional
designs which typically have difficulties obtaining
3/16 of an inch (with 40% or more of the product’

requiring re-crushing).

— 10. The operating mechanism presents low centrifugal
imbalance (and even none, depending on the outer
design of the shaft) when compared with present
crusher designs. Consequehtly, wear, power loss



3/ 16, of an inch (with 40%or nore of the product requiring re-crushing).
‘The operating nechani sm p‘rb?ents low centrifugal inbalance (and

"10.

even none

. present crusher deS|gns Consequently, wear, power | oss an
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produce crushers
t he E'FQH)W#!M y ttemd ab%-h’a#lr tchurﬂfé’?duc%f %6%bﬁ§ﬁt9feﬁpl oyed

Due

to

rea SIZG t previ ous e case.
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|I|ty

dependi ng on the outer design of the shaft) when conpared vvlth

t'o*

crushers can har-duidiGakes Bildn e Préidissly awo0sagd, i N conventi onal
vehi cl es for per sonal or low™ volume applications. Conventional

.portable-

requi r etheavy Dueangyeor tthd t ssiwpl it ity apprdeci a&mll,]'_;_ hat nthleerscopg

of

crushing plants are both expensive - and of such_a size as to

t he

resent invent I e ' Iyt d C t herein
geszrl be:j ' Idn ardt‘."i%é:usfl %trmplc{*@é %rﬁesg}extgl]ﬁcvée}ﬁtééo%%ugé? ?‘hgf?ed to- |
appl i cati on wisnPuse & ke Ttﬁi’q}%”@q AR henanionabistyghbelepmny have

utility in ader yee%rmnce ort he 1c#¢ USRigiméict laafplféatfaaéo

t he present

|i.m, t.ed onent, size.

yed

in

ent| i_S .not by ¢
cr ushi ng app%”é’t"&é’ 3Rl ¢ PRESARE (5‘]& | PIARES | Are Cgé‘b?li‘m ng: - a
bow havi ng a exipemisdvef orantiac-fvl spcdaiad sriHGarasaltcarmIaquhemth@évph schar ge

openi ng di spo&e'_.gngimtrt&e

It shoulds be appfeciate& that the .8cope of. the present

invention is not limited to the partlcular embodiment
herein deseribed.__ In particular, the present invention
is not limited to application with ore crushing or use in
the mining industry but may have utility inx other areas
since the crush-ing action as emploir'ed in £he present
invention is ﬁot lixhited by component size. |
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.basé t hereof , sai d di®charge opening:defini'ng a throat_having a -
circunferential wall; a crushing -head disposed generally centrally within

sai d di scharge’ openi ng having. a cr ushi, face in space
s&€id wall of said throat defini ng'?ﬁ’ annul ar n!op bﬂlmmllmlm""uﬂmand
t he” crushing face of said head, said crushing head havifig & dyrdtofy &xis;
and a drive assenbly for driving said crushing head within said bow; '
~wher ei n §3iqqr Ushing head is supported at opposite axi-al. ends t her eof by a
.support ‘HSSET%l y disposing said crushing head at an offset position
relative to the central axis of said bow about a fixed pivot point at the
i ntersegqti.on ofa saisughing Or yppadataent far freagiblle oper Mirtiableot ati onal
and oscillatory nmotion pf.said head about said point; said fixed pivot

poi nt b&&FH SPPROIF NPt o, or coincident with, the bottom of said
crushing head such that oscillation of the top of said crushing face
Is caused to be g?ﬂ Yol e o] RS )éat r@mﬁgio sai d
central axis and 050|ﬁ%a [ % o ghﬁngE ok Beﬁﬁ %& g a

| ottom of said crushi ace i s caused
to be predoniandht|y ¢ﬂnt§ald|#éé?héﬁgﬁar8PF€P“@C¢%§H?%§§H§EN thgis.

A crushing appyysd Uenépéedrt di 88180 aﬁ.abﬁhi‘ge"me’b@mng i reigpord
assenbly includes a rotatabfe shaft dIS entr. gvly w thin said chanber

for rotation ab%ﬁ?°%%1ﬁagéﬂ9rﬁlcé§F§m §ﬁ ¥Fatdiing one axial end
di sposed within said chanber for engaglng sai d head and the.other axial end

C?nnected to Saldcgﬁéﬁfngsﬁga l&isﬁgggdoagn@¥€¥ly centrally within
said discharge opening having .a crushing face in

s spaced relation to said wall of said throat
defining an annular nip between said wall and the

crushing face of said head, said crushing head

having a gyratory axis; and

a drive assembly for driving said crushing head
within said bowl;.
. s
wherein said crushing head is supported at opposite
axial ends thereof by a support assembly disposing
said crushing head at an offset position relative
to the central axis of said bowl about a fixed
_pivot point at the intersection of said gyratory
and céntfal axes to pernmit rotational and
oscillatory motion of said head about said point;
said fixed pivot point being located proximate to,
or coincident with, the bottom of said crushing
head such that oscillation of the top of said
- crushing face is caused'to be predominaﬁtly in a
' direction generally transverse to said central axis
and'oscillation of the bottom of said crushing face
is_ cause@ to be predominantly in a direction —

parallel ﬁo said central axis.

2. A crushing apparatus according to claim 1, wherein



end being arranged so as to dispose said heWWr position
_offset to said central axis and permt relat]j ' ﬂ ween said
head and said shaft during rotatighgaf said shat‘[ﬁl‘gmm“‘“wu hing -. <

apparatus according to claim2, whérein said angul & *position ixd
mai ntai ned by a locating pin or journal interposed betwen said head and

sai d skafid, suppoirdt asembly induded a haxviatable skaftal dismesedoi nci dent
with t r y .S - Of i ' It Ll a4 r i ona
rmverre%? n%é-ta\%t&&; gg’ﬁéﬁ%afs}%’éﬂd ea_ﬁﬁe?@% ou’%‘?e%{‘% Q%\XEFugﬁ?ﬁg

appar acentxedoedisy tspigd ahafE hayiaei rone taeizbhseen® adpPROE8d0pposed to

a | OUr Palchin! N@a3R0UlHanRY 16 dlgdipidy Padlid ShéadCandytRECoBY LRl end of
sai d pin_engaging said axjal end of_ said shaft g%_a gogltlon offset and
obl i qu8rs-adi cpmpcked) ke faid dEde ARFERLY - (FRLCeRPPaP* 8Xis  of

said phd beindl oAahgdd el asngldispase tsahd headt At at fikredxi al end
of sai I.A _engadi. sai eadi d ggg sal ¢ he at - ition

coi nci ggﬁt“liv?‘nrt %%%"ng;?%aéts(?% é%xslagééo? - sa%j %Jé_g%l, gﬁﬂe ggﬁ{“?% axi s of
sai d preledive comtistliion Metyasn waid head grdtorjdaghaftsduringA crushi ng

appar alut a23oH Y% diy igp 4 Wwherein said pin is -of a circular

cylindrical shape and the opposing axial halves of said pi n form
outwardly projecting bearing portions, and said respective axial ends of

sai d shaft and headnyy easfhmitud daskomity rese63asm 3}  wRapeind
| ocationsg _ to . .receive said bean%rim‘_ns.a d. cays Salg heEd and pin to
adopt §&*+§ 1 S&ed ah REFITEPR B malniRlReashiYng aBharatls
accordpig boxr Gloairmad, harextposed between said head and said Y
B shaft, said pin or Jjournal having a- central axis
coincident with the gyratory axis of said head and
pernmitting relative rotational movement between said shaft
and head thereabout. ‘

4. A crushing apparatus according to claim 3, wherein
in the case of a pin as opposed to a journéi;'Tthe éhgular
position of said pin is fixed by one axial end of said pin
engagihg said axial end_df said shaft at a position offset
and obliquely disposed to said central axis such that the
central axis of said pin is at' said fixed angular
position, and the other axial end of said pin engaging
said leading axial end of said head at a position g)
coincident wifh “the gyratory axis of said head, the
central axis of said pin being coaxially aligned with said
gyratory axis.

5. A crushing apparatus according teo claim 4, wherein
said pin is of a circular cylindrical shape and the
opposing axial halves. of said pin form outwardly
- projecting bearing portions, and said respective éxial
ends of §aid ~shaft and head _are each provided _with
recesses at reéuired locétions to receive said bearing
portions and cause said head and pin to adopt said fixed



the axisal extent of said pinis margi naI | y Ionger than the conbined depth
of said recesses to space the respecPare axi al ends of sai d shaft—and—head

apart .. 7. A crushi ng apparatus according to clai he
case of a jour nal as opposed to a pin, the angul ar pg}smmymnaniﬂ% m
journal is xed t he I nt egral formati on of eithes

of said sh%‘fquiﬁﬁi %Qaﬁ%“]c’dhrnal or the |eading axial end of said head and
said journal, at a position: offset and obliquely disposed to said central

axis such ghat the srrﬁng‘wﬁpaqfaaﬁg thd B¥FdEkg I@oaélasahdsflmslr@mul ar
pOSItIOn engag| ng sai d axi al_end of said shaft, a Iead aghal end
of said helde axial edant e sadh®in 1sa>3'?asr9’d'f n?%’ﬁr

coaxially @mmﬁa vmddptﬁal bRy rsaiid rewvdsses. to spak:e:rmbénrgsa@paxae us
according to. qh r%s[waf“ﬁaeirde'sr}laﬁ gd(pg{ daps?qf a circular cylindrical

shape prOJ%’E’t y at” sai d axi said shaft form ng an
outwardly prOJectlng bearlng portion, and sa|d | eadi ng axial end of said

crushing head is p aéﬂ, & JREE T ddr dIHE U Sl T bear i wgePSini on and
cause sai d head to a o sa| f1xed angul ar position., 9. A crushing

appar at us ¥ecdihi Rpse Ctﬂ A rﬂOPr“%hé’fSel‘W@aﬁ%i jRurhPins Hhre LRIV ar
cylindri calosieitsh Plel e@di %dhﬁfaﬁﬂ i HHisxed easy ng;ragl al iwbelgpdl sai d
headform an out wa ro . earin t|o.n aid,axial end of
sai d shaft "‘Hr’o?ﬂ dé’cfd\ﬁy’t éi;%sxsl a"'t rﬂ?eceﬁ%"%aﬁq’oa éa?m?tg p%)ét i on
and cause jaixhdicacxt cthaaddpiadsaxgj apibedd ey dfarsqioti thead l@nd  saddrushing
appar at us fﬁ:ﬁﬁgf ng J0 ¢ ai vl tapdpsded toUrnal -
is margin egﬂn er than ‘msgn:l %ﬁ%ﬁ*&g}d rlgﬂcle?sgﬁ{] %ce %e
re§pect|\”§a¥g(qgntral axis such that the central axis of sa1d

Journal is at said fixed angular position engaglng said

axial end of said shaft and said leading axial end of said

head such that the central axis of said journal is

coaxially aligned with said gyratory axis.

8. A crushih§ apparatus accofding to claim 7, wherein
said joﬁrnal is of a circular cylindrical shape projecting
outwardly at said axial end of said shaft forming an
outwardly pro:ectlng bearing portlon, and said leading
axial end of said crushing head is provided w1th a recess
to receive said bearing portion and cause said head to

adopt said fixed angular position.

9. A crushing apparatus according to claim 7, wherein
said journal is of a circular cylindrical shape projecting
outwardly at said leading axial end of said head forming
an outwardly projecting bearing portion, and said axial
end of said shaft is provided with a recess to receive
said bearing portion and cause said head to adopt said
fixed angular position. : L

10. A crushing apparatus éEcording to claim 9, wherein
the axial extent of said journal is marginaliy longer than



ends of said shaft and head apart. 11. A crushing apparatus accordi ng _
to claim6, wherein a seal is disposed between the “ | sends -
of said shaft and head to seal sa®d~pin or Journe”“mm Im““lﬁlmg from,\'_
material in the chanber of said bow . 12. A crushi ig apphr at us . '
raccording to any  one of the preceding cl-ainms, wherein said support

assenblthe @ARptieA diiid feandds), Mo Gmdde | theat ':f-@spscrpmétia;glsni d —
crushi ea t t |l owing free rotational and
I¥ﬁ41rﬁkn éiéhé%t.zﬁéagﬁéq% Eﬁgréi

nut ati on of sai d Said pivot point, said joint
conprising a pair of mating conponents one conponent being di sposed

centr agly, Wi t b n oriafind! GAAEARONRL IR ¢4 'l?la?ﬁﬁes Plufigbgifonl and

t he ot her conmponent beln osed on the trailin sai-d head.
130 ' Gnssad i LannRes ke GRS iR, TRRCAG; RABE SRLRL) ASS dOBne
CONMPON@alide OghaLtes amdmwad ad isedl waﬂ«sm&eobﬂtgmﬂabaandaﬁdldar d ot her

conponent CQ | ses traII dj r egi ded on the trailing
axi al en(?egfs i H'eaa(frl &rknuc éh Hav ng‘:d'g %em sp‘%&l cal face facing

sai d chanber and said drshed regi on havrng a bearing surface of

conpl egwnt ar Kl &n dat e
npl eggntary a %ﬁ%) S edaiiy do ki wﬁ %f

sai d knuckle sald nuckle fornB a.seat -an head may
freel yprfer:a@en@hd q%mlatSe MlerelmS@%rﬁw%tbaaaﬁmbhzcwal%@eeo claim 12

wherei g sx%@ex@aql C QIR PIRYRIY1e lﬁlrﬂ:;(lz?iﬂ %umwifﬁ@@%mncp?ehihgn relative
t 0 sai enabl e adj ust, of 'sai d apnu p or vice

ver sa. g’fﬁ% gc Erifshit®y sfdggﬁ’t"ﬁs lglﬁﬁrqbé)rﬁr?% TtRbhendt M@ precedi ng
cl ai rrsnmmiaem@ml m:luiomrdfsrsaﬁgi Hesatl dlsoutof sasibstp\imnal | point|j ght

.frusto r& cgou&ha% pr}% theé;a%a:dr a f rﬂc%#é’%’?%(%ﬁé gngs of sar‘dJ

head d&fT i nd %I rcul Sy para Bl %a tapered face
ext endicegponent benngydﬂanqg§ﬂ1centrally wx&hxn sa1d discharge

opening at the base of said bow}_and the other component
being disposed on the trailing axial end of said head.

13. _A crushing apparatus according to claim 12, wherein .

said one component cqmprises a knuékle'fixedly disposed at

said base_and'said other component.compfises. a centrally

dished region provided on the trailing axial end of said

head, said knuckle havihg a hemisphericaliface facing said

chamber and said dished_region having'a bearing surface of
compiementary hemispherical shape to 'said knuckle to
accommodate sald “knuckle, whereby said knuckle forms a o’
seat on which sald head may freely rotate. and nutate.

14. A crushlng apparatus accordlng to claim 12 wherein
said one component is axially adJustable. ;n position .
relative to said bbwl te enable adJustment of the gap of
said annular nip or vice versa. ' | '

—15. ‘A crushing -apparatus according to any one of Eﬂe
__preceding_ claims,.;wherein said crushlng head is- of-
substéntially right_ frusto—con1ca1 shape having the
leading and trailing axial ends of said head defining
circular parallel faces, and a circumferential tapered
face extending therebetween, said



Ieadfng end face being generally of . "sna ler di anet ha
trailinhg.end face such that said tap ?‘ed face conbl n %"n m! mﬂ "m, I
of .said throat to define said annular nip. 16.

according to claim 15, wherein said circunferential face i ncl udes an
external |y yGRRaage Bﬁﬁt ' PHc?XtS@ﬂhQQ gérensHiy deadi dgarieel diéadetewar ds

said trailing axial epd | ncrea curvat ure Pl I|ndr|ca
portion of tél%‘sls&ﬂfil &FF‘?/IEBﬁs?% tfﬂ?‘an%‘f‘gl? n%ﬁténdsn froﬁg?ge i u(r’%t ion with
said concaw@mwahbsonwthX|ahée Wmlkaldftrsaidrmﬁhmwat taddefdneais@idr ai | i ng

axi al end. hhular & crushing apparatus according to any one of the
precedi ng clains, mﬁgfeby said chanber is provided with a nout h--—t hrough
whi ch mat eri al is deposited and a circunferential wall which

converges iygaar dl g Ekﬁ%iﬁgdaﬁ@&&@tﬁewmaﬁmd thh schaime18pemhegetia adj oi n

sai d throat contiguous he_ci rcunf n t
general |y &at& g& r68?ﬁé¥ﬁ?§1?*on$?ﬁ% e ﬁ% &5 QA E%{Lfﬁglggs ?ag% d
bow , wher glortiond eklianbitng afitios as ali dli Tedhdding vplamlngndetpwerQSClsmdl ar
COﬂStrICtIQP a&&thelrakygftlgmh 1dien .fkfréﬁ ngcurageagatuﬁnd a

subst anti al heréi n descri bed reference t igures 3 to 5
of the dr@mhmgﬁrlﬂhérpoappp@pr¢§teSUthantlally constant iameter

extending from the junction with said concave portion
proximate to said trailing axial end, to said trailing

axial end.

17. A crushing apparatus according to any one of the
preceding claims, whereby said chamber is provided with a
mouth through which material is deposited and a
circumferential wall which converges inwardly from said
mouth towards sald discharge opening to adjoin said throat
contiguously, and the circumferential wall of said throat
genefally dlverges outwardly from the chamber towards the
base of said bowl, whereby said chamber and said discharge.
opening define a circular constriction at their junction.

18. A crushing apparatus substantially as herein
described with reference to Figures 3 to 5 of the

o/ drawings, where appropriate.




