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ABSTRACT

The invention relates to a manu~ grinder ~r mounting on
the neck (C) of a recepmck ~r ~odsmffs in the ~rm 
~Nn~ the grinder berg characterized in that ~ compri~s
firstly a fixed ring (1) No~ded w~h a flange OD 
supp~ting ~ on ~e receptacle, wh~h flange N downwaN~
e~ended by an inner ~eeve ~ th~ N engaged in sNd neck
(C) and th~ proems a toothed inner Mde wM1 ~2~, and
~conNy a cap (2) rot~ab~ mourned on said neck (C)
covering s~d ring (D and ~dud~g a p~h~ s~ ~D
~ally conne~ed m a cereal bush~g ~ ha~ng a toothed
outer side wall ~2~ ~ N engaged coa~ally in said sleeve
0~, so ~ m define betw~n them a peripheral grinding zone
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1
MANUAL GR~R ~R GRA~ ~OD

PRODUCTS

The w~em i~n mlaes ~ a m~uN ~nd~ ~r
~u~ in the ~rm of ~Nns, ~ch as spies.

Grindem or m~ ~eady exNt th~ are deigned to be
mourned on the ne&s of m~Nad~ ~ have been pm~-
ou~y fired wRh ~Nns in order to ~rm a mmhod of
packag~g and dN~ibution ready ~r use.

Howeve~ ~o~ grindem ~e made ~ ~e ~rm of a k~t
~o ~&~em p~s w~ ~ ~ ~ ~mMed ~g~h~
in a spedfic order be~re or after bring mourned on the
m~pt~k, ~ ~p~g m~u~g ~o~ ~ ~e
laborious and ~s e~.

~so, the ~e~n of posNoNng the ~o mo~ng pa~s
¯ ~ pe~ ~g m~tNe to each other is ~ ~
¯ ffi~ to che~ and ff ~ is not done ~rmm~ there can
arise serious woNems in ~e~m

Fu~h~m~e, the fineness and thus ~e qua~ ~ ~d~g
depends ma~ on the n~mwne~ of the ~mrme~ae zone
b~w~n these two pa~ wh~h means th~ the ~mb~
mu~ be fi~ed m~er ~c~ae~ and ~ N ~fficMt m achieve
¯ N ~ ~mm~c ~d mWo&cN~ m~r on ~mb~ ~d
packag~g Hnes.

~ o~e~ of the pm~N invention N to resolve these
technical Nob~ms in satisfactory manne~

~ to the i~e~, this o~e~ is achieved by
means of a ma~al ~nder ~r m~ on the neck of a
receptac~ ~r ~u~ in the ~rm of ~Nn~ the ~nder
bdng characmrized in tha R compri~s ~y a fixed ring
prodded w~h a flange ~r s~p~ti~ ~ on the ~ade,
wh~h flange N downwa~ ex~nded by an inner Meeve th~
N engaged in sNd neck and ~a pm~n~ a toothed inner ~de
w~, and ~con~y a c~ ~aNy moused on said neck
covering said ring and ~du~ng a ~h~ ~t m~y
connected to a cen~M bush~g ha~ng a toothed outer side
w~l ~ N engaged coa~M~ ~ said Meeve, so as to define
bmw~n ~em a ~M~ ~d~g zone

~ to an advantageous ch~ac~ri~, said sM~ N
ra~y conne~ed to s~d busNng by means of bridges
~a~ng bmw~n them oufl~ orifices ~r the ~ound ~od-

~e~b~ s~d bridge 1~ ~ ~e p~ of ~e mp ~ of
said cap.

~ ~ ~o~ ch~ri~, sNd p~h~M ~
N prodded w~h ~aD~eNng memb~s ~r ~~
w~h ~mp~me~y memb~s c~ried by ~e n~k ~ ~e
mceNade.

In order to ~pmve the flexNi~y of the ~ ~ is
po~N~ aNo m Wo~& Mc~ ~n~g of ~ w~ ~k~.

~ ~ another ch~ac~ri~, s~d ~ppo~ flange
h~ McMng memb~s ~r McMng ~ in rotation and deNgned
m ~mp~e w~h com~emem~y memb~s c~ried by ~e
neck of the mcep~de.

N a pa~N~ variam, ~ McMng memb~s ~e ~n~b
~ted by a ~s series of teeth c~d ~ the b~m
face of sNd flange and deNgned m ~me M&~ ~ a ~a~
o~ ~mp~mem~y mo~ ~rm~ on ~e mp rim ~ ~e ~&.

De~mb~ e~h ~sNd ~e~ ~e flange and of the neck
N constimmd by a Mop~g ~ce ~r ab~g rotary ~m~,
and by a ~eeper ~ce ~r ~ansm~g ~ ~m~.

N anmh~ variam, sNd ~ve N ~aRy damped agNn~
the inner war of said neck.

~ to other ch~a~Ntics, sa~ mt~y cap has an

of said flange, and the mp ~ce of said flange is prodded
w~h an annular rN that comes into ~ng contact wRh ~e
bmmm ~ of ~e c@.

2
The grinder of the invention makes R posNbk automati-

cally m obtNn proper mhtNe poNtion~g of ~e moving cap
and the fixed ring w~hout ~ bring necessary to provide
~dexing of these two parts m~tNe to each othe~

5 Fu~hermore, the ring ~ ~cked ag~n~ ro~tion on the
receptacle w~hout slidinN ~us provi~ng good mechanic~
efficknc>

In addition, grinding quality N gu~anteed by forces
bdng ~ansm~md aummaticaRy ~om the receptack (wNch

~0 N rotated whik ~ an upMde-do~n position) m the mot~ed
Meeve of the inner ring wNch ~en moves sEghfly closer to
the toothed bushing of the cap which N held ~ationary by
the use~

The grinder of the invention is thus constituted by only
~5 two parts which ~e e~sy ~ fabrica~ and ~ assemble and

wh~h can be in~aRed quickly and secure~ on the recep-
tacle while prov~ing the assemb~ w~h an overaR shape
th~ N very ~gonomic and compare.

The invention w~l be beaer undemmod on reading the
~ following descript~n accompanied by the drawings, ~

whick
fIG. 1 ~ an ove~R semen view of ~n embo~ment of the

~ventio~
FIGS. 2A, 2B, and 2C are deta~ views mspective~ in

:5 p~spemN~ ~om above, and in section on AA of the ring ~
FIG. 1;

FIGS. 3A, 3B, and 3C are deta~ views mspective~ in
p~spe~N~ ~om fbove, and ~ section on DD of ~e cap ~
FIG. 1; and

3o FIGS. 4A and 4B are deta~ views mspemNdy in per-
spemNe and in section of a variant embodiment of a
receptacle neck su~abk for the FIG. 1 embo~mem of a
grinde~

The grind~ B shown ~ FIG. 1 ~ for mounting on a neck
35 C of the receptacle contNNng a food~uff in the form of

grNns (peppe~...) and for berg acmaed manuN~ by the
consume~

The component pa~s of the grinder are assembled
~g~her prior to berg deEvered to the packag~ of the

4o foodstuff who subsequem~ in~aRs the grinder directly on
the receptack after ~ has been fired.

Consequently, the grinder is instaRed in such a manner
th~ the mcep~de N not in~nded to be retired and N
inmnded to be dNcarded after the foodstuff has been con-

45 sumed.
The grind~ comprises firstly a fixed ring 1 th~ N held

~ation~y on the neck C of the receptacle, and seconNy a
covering cap 2 that is movable in rotation relative to said
ring and sNd mcept~ck wh~e bdng mm~ed axially on sNd

50 neck.
When the mcep~de N placed head-down with its neck C

~ its bosom end, ~e cap 2 N hdd ~ation~y by ~e user and
the mcep~de is then rotated relative to the cap 2, ~emby
driving ~e ring 1 so as m grind the grNns wNch ~e su~abk

55 for pene~a~g imo the ~mrmedi~e zone and then dispense
¯ e resulting powd~ under gravity.

As can be seen morn pmdsdy ~ FIGS. 2Am 2C, ~e ring
1 ~ prov~ed w~h a flange 11 for suppoa~g ~ on ~e rim of
the neck C.

The flange 11 ~ ex~nded downw~ds by an inner ~eeve
12 wh~h N engaged in the neck C, pre~mbly w~h rad~l
dampinN the ~eeve and the flange mgmher defining a
shoulde~ The flange 11 has memb~s for preventing ~ ~om
rotaing by co-operaing with compkment~y members ca>

65 ried on the rim of the neck C.
In ~e embodiment shown ~ FIG. 2A, ~e bmmm ~ce of

¯ e flange 11 carries a series of teeth 15 su~abk for Mcking



3
on a ka~ one compkmem~y tooth D, and in FIG. 4A on
¯me compkment~y ~h, formed on ~e ~p edge of ~e
neck C.

Each of the teeth D and the teeth 15 is constituted by a
Moping poNtion~g face dl and a ~eeper face d2 for
proving r~y Mcking and guidance ~ee HGS. 2A, 4A,
and 4B).

This configuration makes ~ possNk, mem~ by presNng
on the cap 2, ~ wedge the ~h D on the neck C between
the teeth 15 of the flange 11.

The inner ~de wdl of the Meeve 12 has ~eth ex~nd~g
up its full hekN. The edges 13a of the mmh 13 ~ope mlatNe
to cy~ndr~d or ~u~ocon~ gen~aor Enes.

In thek mp portion~ where they jo~ the flange 11, the
mNn hces of the mmh 13 are provided wi~ shavpmdged fins
14.

The rotary cap 2 has a peripheral ski~ 21 ~dially
connected to a cen~d bush~g 22.

The ou~ide of the skkt 21 N prov~ed wi~ fluting that
makes ~ easier to hold.

The cengN bushing 22 N of tapering profile and R N
engaged coaxially in the Meeve 12 so tha As toothed ou~r
side wall 22a faces the toothed inner Nde wafl 12a of the
sleeve 12, defining between ~em a periphe~l grind~g zone
10 of ~pering profile.

The inc~ned ~ce dl serves to absorb exce~Ne force
imparted to the Meeve 12 when rotating the cap 2. The ~eep
face d2 enables such forces to be ~ansm~md ~om the
receptack to the Meeve 12 via the flange 11, ~emby
mdudng the Nze of the grinding zone 10.

The busNng 22 has a fla~otmmed mp cavi~ 22a.
The skirt 21 N connecmd to the bushing 22 by means of

bridges 23 kaving between them orifices 24 for de~ver~g
the ground foodstuff. In this case, the bridges 23 fie in the
phne mp hce of the cap 2.

The s~i~ 21 N provided w~h snap-h~ening memb~s
such as a bead 25 for co~p~ating wRh compkment~y
members carrkd by ~e neck C and impkmented in ~N case
in the form of an annular thread F ~ee FIGS. 1 and 4B).

When the cap N made out of a r~ m~l @uch as a
¯ ermoph~ic), ~e fle~bili~ of ~e skirt 21 for snap-
fasmNng purposes c~n be improved by McN thinning 27 of
Rs wM1 ~kne~ ~ee FIGS. 3B and 3C) Thus.

Thus mem~ presNng on the cap 2 so as to hold the ring
1 captive serves Nmul~neou~y ~ snap-fasten ~e skirt 21
on the neck C and to lock the ~eeve 12, th~eby improving
automa~ posR~n~g cf the flange H ~ ~ N prevented
from rotating.

The ~ndency of the ring 1 to move away ~om the neck
C during rotation of the cap 2 is countered by cooperat~n
bmween the snap4a~ening memb~s and lhe Mcking mem-
bers.

The cap 2 aNo has an annular groove 20 for provi~ng
guidance ~ ro~tion which sligab~ mceNes lhe peripheral
edge lla of the flange 11.

4
The groove 20 N upw~d~ defined by the mp face of the

c~ and ~w~ defined by an annular promm~n 26
~rmed on the inner wafl of the ~ 21.

The mp face of the flange 11 is aNo prodded wRh an

5 annuhr rN 16 tha comes into ~ng con~ct w~h the
b~m face of the c~, ~eby ~g a space~

W~t N d~med N:
1. A manuN ~nder ~r m~ on a ne& of a recep-

tacle ~r ~u~ in the ~rm of ~n& the ~nder
~0 comprN~g:

a fixed ri~ No~&d ~ a fl~ ~r ~ppo~g ~ on the
m~Nade, wh~dn the flange ex~nds mw~d the
mcep~de by an inner ~eeve that is engaged to the
necM wh~dn the ring w~ems a toothed inner side

15 w~ and
a c@ rota~ mourned on said neck coving said ring

and ~c~ng a periphe~l sM~ ~dhfly connemed to a
cen~al busNng h~ng a toothed outer side wdl ~ is
engaged ~a~y in sNd Meeve, so as to define
b~w~n ~em a ~h~ ~n~ng ~ne.

2. A ~nd~ acc~d~g to claim 1, wh~dn said skirt is
~y connecmd to s~d busNng by means of bridges
~a~ng ~n them ouflm orifices ~r the ~ound ~od-

~ 3. A ~ ~ m d~m 2, wh~e~ s~d bridges ~e
in the Nane of the mp face of said cap.

4. A ~M~ accor~ng to dNm 1, whem~ sNd W~M~
skirt is provided with ~a~eNng membem for
~m~g w~h com~eme~y memb~s ~d by ~e

3o neck of the mcep~de.
~. A ~nder acc~ng to claim 1, wh~dn said ~ppo~

flange has ~ng memb~s ~r ~cMng R in rotation and
deigned m comp~e w~h ~mp~mem~y memb~s m>
~ed by ~e neck of the m~pmde.

35 6. A ~nder acc~ng to claim ~, wh~dn said McMng
memb~s are constituted by a ~mi~s se~es of teeth
carried by the bmmm face of said flange and deNgned to
~me Mckd on a k~t o~ ~m~m~ mmh ~d
on the ~p tim of the ne&.

4o 7. A ~nder ~co~g to claim 6, wh~dn each of said
teeth of ~e flange and of ~e ~& N ~u~d by a ~o~ng
~ %r ~s~b~g ro~U ~me~ ~d by a ae~er ~ %r
~ansmRting sdd %ro~.

8. A grinder ~c~d~g to claim 1, wh~dn said sleeve is
45 ~y damped agama ~e inner wafl of said neck.

9. A ~M~ ~c~d~g m d~m 1, wh~dn ~ romU c~
has an annular ~de groove ~dab~ m~M~ the p~h-
eral edge of said flange.

1~. A ~nd~ ~c~ng m dMm 1, wh~dn ~e mp ~
50 of s~ fl~ N p~ ~ ~ ~nMa ~ ~a ~mes ~m

~ng contact w~h the b~mm face of the c~.
11. A ~nder ~co~g to claim 1, wh~e~ said p~h-

eral skirt includes local ~nNng of its wall ~i&~.
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(57) ABSTRACT

A grinding mill has a rotating container (40) into which
particulate material is fed. The container is rotated above
critical speed to form a layer which is retained under high
pressure against the container inner surface. Shearing discs
(58) mounted inside the container induce shearing of the
layer to promote particle ~acture by shearing and abrasion
in the pressurized laye~ Fine ground material ~avels axially
to the container d~charge end (64). In one form of the
invention, the container is rotated at sufficient speed to form
a series of sohdified zones (70) alternated w~h stirred zones
(72) next to non-rotating shearing d~cs (~8). These sohdi-
fled zones act as soEd discs rotating with the containe~
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US ~764~34 B2
1

GRINDING MILL

The present appl~a~n is a continuation of Sec No.
09/486~7G fi~d Feb. 28, 200G Nsued as U.S. Pa. No.
6~7~101, wh~h N a 371 of PCT/AU98/00692, filed Aug.
28, 1998, wh~h prior app~cations are incorporated herein
by ~rence.

BACKGROUND OF INVENTION

The invention relates to a rotary grinding mill for size
reduction of pan~s such as ceramics, minerNs and phar-
maceut~Ms.

Prior an rotary mills include a cy~ndtical drum rotated
about a generally horizontal axis. The rotating drum is ~d
with pan~ulae maer~l such as a Murry or powdea the
rotation of the drum being a one hNf to thee quarters of the
"cream speed" 0~. the minimum speed a which maer~l at
the inner surface of the drum ~aveN right around in contact
w~h the rail D. This causes a tumb~ng action as the ~ed and
any grinding med~ ~avds part way up the inner wM1 of the
drum then falN away to impa~ or grind agMna other
patides in the ~ed. Size reduction of the patides is thus
achieved prindpNly by abrasion and impa~.

In conventional rotary mills, the energy ~qukements of
the mill increases aeeply with inc~asing fineness of grind.
For app~cafions where a fine grind N ~quireG the use of
stirred mills, in wh~h a body of the paficu~m maer~l is
stirred to cream shearing of pan~s and numerous low
energy impacts, may be used to amdioram ttis prob~m to
some extent. Howevea the present appl~a~n of stirred
mills N cons~ained by ~duction ratio boundaries imposed
by both upper ~ed s~e Hm~s and energy ~ansfer ineffi-
ciencies at u~ra fine Mzes. These cons~nt~ together with
throughput Hm~a~ns and media/produ~ sepaation diffi-
culties due m viscoMty effec~ a ultra fine s~es, res~ the
pra~M and econom~ scope for applying tha mchnobgy

SUMMARY OF THE INVENXION

The present invention ~ms to provide an Mmrnaive
grinding mill cons~uction.

The invent~ in one form, provides a grinding mill for
paticu~m maetiN, including a rotary container having an
inner surface, ~ed means for ~eding the paticu~m maer~l
~ ~he containe~ mea~s ro~ting the cont~ner a a suffic~nfly
high speed that the parficulae maer~l forms a ~yer
ret~ned ag~nst the inner surface throughout ~s romtio~ and
shear indudng means conta~ing said ~yer so as to induce
shearing in said ~yec

In non-vertical mills, the minimum rotational speed at
which the paa~ulae maer~l romms around in conta~ w~h
the container is known as the "ctiticM speedF That term is
used he~in w~h ~nce to both veaical and non-vertical
mills as ~ferting to the minimum rotational speed a which
the paficu~m maer~l forms a ~yer ~tained ag~na ~he
cont~ner inner surface throughout i~ rotation.

The invention aNo provides a grinding m~hod in which
paticu~m maer~l is fed to a container rotated at above
critical speed, so as to form a layer retained agMna the
cont~ner throughout ~s rotation and indudng shear in said
~yer by shear indudng means contacting the ~yec

PreferablE the shear indudng means N mounted inside
and rotates relative to the containec

In a fira embodiment, the skear inducing means iotams in
the dkecfion of rotation of the cont~nea but at a different
speed. In a second embodiment, the shear indudng means
counterrotates ~tive to the containec

2
~mrua~e~ the shear ~dng means can be non-

mt~ M~ ~ relative rotation w~h the container to
induce ~e~ of the m~hl laye~

Ne~ ~o, t~ mffi mmms ~ ka~ ~me tim~, more
5 pm~b~ at least ten times, critical speed.

BRIEF DESC~P~ON OF THE ~~

Pm~ed embo~ments will now be N~r des~Ned
w~h m~mnce to the accompany~g &a~ in wNch:

~0
FIG. 1 ~ a schem~ sectional ekvation of a fi~t embo~-

ment;
FIG. 2 is a schem~ sectional ekvation of a second

em~me~ and
~5 FIG. 3 is an eN~ged sectional elevation of the ~n~ng

chamb~ of the FIG. 2 mi~ d~ng ~e~ ~o~ the
creation of a~ern~e sti~ed and dead zones w~Nn the
chambe~

DESCRIPTION OF PREFERRED
EMBO~MEN~

The mill shown ~ FIG. 1 has a cy~ndr~N outer drum 10
mounted on beatings 12 ~r rotation about ~s cen~al axN 14,
~n ~ means of drum &Ne pu~ey 16 a~ached to ~s outer

25 s~h~. The drum outer s~hce also ca~ks cool~g fins 18

whkh pass ~ough a coo~ng w~er ~ough 20 below the

A ~ed of flow~k p~ti~hm mamti~, ~r exampk a
s~y or powde~ N ~o~d m one end of ~e &urn ~om

30 a ~ed hopper 21 via ~ed ~kt 22 and N ~ng ~ to

~rm a layer 23 agNn~ ~e inner surface of the drum. The
drum is rotated ~ffid~t~ ~ove critical speed that the
entire m~l ch~ge, and any ~n~ng me~a, travels tigN
around in conta~ w~h the drum rather ~ ~e ~b~

35 mmb~ng ope~tion ~ ~ ~ ~. The drum ~ p~

rotated at least three times ~ ~ m~ pm~ at
lea~ ten times, so that the m~l ch~ge Nyer is at Ngh
pressure, compm~ed by the Ngh ~n~Ngd ~rce. The
magn~ude of the compmsNve ~rces appfied can be vatied

4o by v~ng the ~eed of rotation of the outer drum.

The ~a~e Ny~ N mobbed by ~ or fing~ p~e~s
24 of ~e counm~omting ~e~ ~duc~g memb~ 26 ~Nde
the drum, mounted on a cengd shaft 28 suppoaed in

45
~s ~. ThN shaft is rotated by means of a shaft dtive
p~ ~. A coofing wamr p~ge 26 e~ends ~mugh shaft
28.

For ma~mum ~e~n~ t~ shaft is m~d ~p~ ~ the
~e dkection to drum ~ ~aN~ the shaft may

5o be rotated in the same dkection as the drum but at a
¯ ~m~d speed. This laaer ~ngement efim~ a
’dead’ ~cus w~Nn the ch~ge Nyer ~ wNch ~e rotational
"~’ ~rce N zero, and reduces energy mqukemen~ of the
mill.

55 T~ pa~d~ in the ch~ge Nyer are su~e~ed to intense
~m~aa~ an~or p~de to media shear stresses gener-
amd by the ~ting action of the p~e~s 24 m~ng
~ough the compm~ed cha~e Nye~ The Ngh pressure due
to rotation of ~e ch~ge ~y~ enhan~s enemy ~ans~r ~om

60 ~e p~e~s ~ ~e @~, ~us ~s~ng a mh~dy
~ge pr~o~on of the ~ ~nt enemy ~mcfly to the
p~fides as ~mm prom~ ~mss.

The ~e~ of the ~mpr~d ~Hds h~r c~s bo~
~e~ and abraMon ~mm of the pa~ with ~ffi-

65 c~nt enemy m cause locaHsed s~esMng and ~amum applied
s~uMy to a ~ge pmpo~on of the total p~de
population wHNn the mill. The net resu~ is a Ngh distti-
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bution of very fine pwtides, w~h the capacity to sustain
effemNe ~acm~ by this mechaNsm ~ Ngh particle popu-
~tion expan~on r~es w~Nn the real.

In add~ion to abrasion ~acm~, pa~s may also ~ac-
m~ due ~ compr~s~e ~e of ~e mesa and s~d particle
bu~ pressure, dte ~ the exaggerated "gravitational" ~rce
w~Nn ~e mill. The magNmde of ~N compline ~me and
the pwtic~@a~ and pwtic~/medh pacNng densNes
may be varied. It N befieved th~ some ~a~u~ by sha~er
and a~rition~g cf partMe sur~c~ ~sNting ~om Ngber
v~ocity impa~s also occur~ but to a lesser de~ee than
abrasion ~a~u~.

The dNcha~e end 33 of ~e m~l &urn 10 has an annuhr
~t~ng ~e 34 ex~nd~g ra~M~ ~wwds ~om ~e drum
inner sur~ce. The g~ ceNrifug~ ~rce acting on the
heavy mesa pa~s cauls ~e mesa m be ~m~ed w~Nn
¯ e mifl ra~ally o~ww~s of ~e ~g plate 34 and
¯ ~e~ keN w~Nn ~e mill wH~ ~e fine pmdu~ N
¯ s~aced by the ~coming ~ed and passes radiafly ~wwds
of the ~m~g p~m and into a ~hwge launder 36.

FIGS. 3 and 4 ~r~e a vertical m~l cons~ucted in
accordance w~h a second embo~ment, ~c~ng non-
rotating shear memb~s.

The rotating dram 4~ of the m~l N mouNed on a vertic~
rotation~ axN 42, supported on ~ame 44 by bearings 46,
and is rotated at Ngh speed via the drum d~ve pulley 48.

The mill N cha~ed ~itially with a mN of grading media,
~d ~om med~ hopper g~ v~ b~l v~ve g2, and a ~ed
powd~ or slur~ ~d through feed po~ g4. The cha~e p~s
down ~ationwy ~ed ~be gg in~ the drum. Feed impefl~s
g6 a~ached ~ the rotating drum impwt m~ m~n ~ the
chwg~ wNch ~rms a NgNy compr~d ~y~ ~m~ed
aga~ ~e drum inner surface.

In the embo~me~ of FIGS. 2 and 3, the shew indudng
memb~ ~de the drum N ~ationwN consNting of one or
more radial dNcs g8 a~ached to a fixed sha~ 6~. The dNcs
have ap~m~s 62 ~ ~e ~on of ~e ~ner free surface (3
of the chwge ~y~ m N~w a~ movemem of fine ground
mamriN t~ough ~e mill m ~e ~hwge end. ff finge~ or
o~ projections we used ~stead of ~s gS, ~e ap~m~s
62 a~e ~ot ~quired.

After the in~i~ chwge N iNmduce~ no N~her grin~ng
med~ N added but a continuous ~am of ~ed N ~d via
~ed po~ g4. The m~l N adap~d m ~ceNe ~ed ~urries of
Ngh solids coment, ~r examp~ 50-90% solid~ typ~ally
55-75%, depen~ng on ~e ~ed m~l and the Mze reduc-
tion ~quired.

The grin~ng media and lwg~ pa~s ~ ~e chwge ~er
will rand not ~ move a~ally through the mill due ~e Ngh
comp~sNve ~rces on the chwge. Instead radial m~t~n
of particles occur~ wh~Nn larger pa~s in~oduced in the
~ed ~urry mi~ate ~M~ outwa~s ~mugh ~e chwge ~ue
m ~e Ngh centrifugal ~e and we su~e~ ~ grin~ng and
~a~ur~g by ~e effiNeN mechanNms ~scu~ed above w~h
~nce m FIG. 1. As ~e particle Nze ~duce~ ~e smear
pwtides m~r~e ra~afly ~wwds uN~ ~ey reach the inner
~ee sur~ce of the chwge Nyer, which equ~es to a zero
(gaug~ pressure locus.

The fine pa~s ~acNng the ~ee sur~ce may then
move a~ally through the mi~ through ap~m~s 62 in the
dN~, p~s rad~fly inwards of ~e ~hwge r~g 64 and ~m
¯ scha~e ~und~ 66. A s~ap~ b~de 68 may be affixed to
~ationwy sha~ 6~ to keep the m~l flowing ~e~y
through the dNcha~e ring.

The appl~ant has ~und ~, ~ the very Ngh ro~tion~
speeds ~ wNch ~N m~l N operated, pre~Ny at least 100

4
~m~s gravitN for examp~ up m 200 times g~v~N zones ~
the charge away ~om the shearing discs g8 pack sofid and
rotate at one w~h the rotating drum. This can be used to
advaNage by spac~g ~e shearing dNcs apart by a suffiNent

5 distance to create sofid ’dead’ zones of chwge between
succes~ve dNcs and a~acent the end faces of the rotating
drum. These de~d zones 7~, ~hown by lhe darker sh~d~g ~
FIG. 3, effe~N~y act as sofid discs ex~nd~g ~wards ~om
the inner waA of the drum, pwN~l m and rotating at Ngh

~0 speed ~NtNe to the discs. This creates an extremely Ngh
shear r~e in the sti~ed chwge ~gions 72 ~hown in l~h~r
shading in ~IG. 3) a~aceN ~e di~c~ wN~ prom~g the
end surfaces of the drum agNn~ excessNe wea~

The m~imum disc spaNng ~qui~d to create this stirred

~5 zone/dead zone phenomenon w~l vary dependent on the
rotation~ speed and charge m~er~l use~ but in cases of
e~m~y high G force and Ngh solids content may be as
little as 50 mm.

Compwed m ~e 14G. 1 embodiment, ~e embodimeN of

~0 FIGS. 2 and 3 has the advantage of ~wer power ~qukement
as ~ is not necessary to drNe the shear-induNng membe~
The power ~qui~ment of the m~l may be fu~h~ reduced
by ~dudng ~e ~ng~ of ~e grin~ng chamb~ and emp~y-
~g oNy a Mngle shearing disc. The high "gravity" en~iron-

~ men w~hin ~e m~N accord~g m the invention extends the
p~N and econom~ bounda~es of convention~ sti~ed
m~l comm~ut~n wi~ ~spe~ m the ~ed mp Nze, ~duction
ratio~ energy effi~ency and throughput.

WN~ pwticulw embodimen~ of this invention have been
3o describe~ ~ wifl be evident to those skilled ~ ~e a~ th~ the

present invention may be embodied in other speNfic forms
w~hout depa~g ~om the e~ent~l charac~stics thereo~
The present embodimeNs ~nd examp~s we therefo~ ~ be
considered in aA ~spe~s as ~tive and not ~s~tive,

35 the scope of the invention bNng indica~d by ~e appended
dNms r~h~ than the forego~g descript~n, and afl changes
wh~h come w~hin the meaNng and range of equNa~ncy of
the d~ms are th~efo~ in~nded to be emb~ced th~N~

What is dNmed is:
~ 1. A grinding mill for pwticu~m m~ ~c~ng a

rotary container having an inner surface a ~ed inlet for
~e~ng ~e pwficu~ m~er~l ~ ~e co~Mre~ a rotary
drive rot~g ~e conta~ ~ suffic~N~ high speed th~ ~e
pwticu~m m~er~l forms a layer retained agNn~ the inner

45 sur~ce ~roughout ~s rotation, and a shew ~duc~g member
contacting said lay~ so as to induce shearing in said ~ye~
sNd shew induNng member inc~ding one or mere ~diM
members extend~g ~ ~e particul~e ~yer, wherNn the
rotwy drNe N adapted to rotate the container at a suffic~nfly

50 high speed to cause one or more sub~anfiM~ sofidified
zones ~ pwficu~m m~ial ~3e~

2. A grinding mill accord~g m dNm L wherNn the rotary
d~ve is adapmd m rotate the container at suffident speed to
induce a force of ~ ~a~ one hund~d times gravity on the

55 pwticu~m m~eriM ~ye~
3. A grin~ng mill accord~g m dNm 1, wh~Nn ~e she~

~duNng member creates one or more sti~ed zones in the
pwticu~m m~l ~yer, sNd sti~ed zones berg locked
b~ween the shew induc~g memb~ and the sofidfied zo~ es.

60 4. A grin~ng mill accord~g m dNm 1, wh~Nn a
plurality of shew induc~g membe~ N sp~ced a~ally Mong
said container so as to create a~ernate sofidified and stirred
zone~

5. A grin~ng mill accord~g m dNm 1, wh~Nn ~e she~
65 ~duNng memb~ inc~des rad~l members e~end~g ~m

the pwticu~m m~er~l layer to create said one or more
stirred zone~
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6. A grinding mill according to claim 1, wherein said
rotary drive is adapmd to rotate said container sufficient
speed th~ said one or more sub~antiaHy so~dified zones
rotaes w~h sNd containe~

7. A grinding mill according to claim 1, wherein said
rotary drive is adapted to rotate said container a sufficient
speed th~ said one or more sub~antiaHy so~dified zones
rotates w~h said container co-operates w~h said shear
inducing member to induce said shea~

8. A grinding mill according to claim 1, wherein said shear
inducing member N non-rotationaL

9. A method of grinding particulam maeriak including
feeding the particula~ material to contNner which has an
inner surface, rotating the container at a suffickntly high
speed th~ the pa~icul~e material forms a layer retained
again~ the inner surface throughout ~s rotation, and con-
tacting the layer w~h a shear inducing member to induce
shear in said laye~ wherein the container is rotated at a
suffickntly high speed to cause one or more sub~antiaHy
soEdified zones in the particul~e m~erial laye~

10. A method according to claim 9, wherein the container
is rotated at sufficient speed to induce a force of at least one
hundred times gravity on the particulate m~erial laye~

11. A method according to claim 10, wherein the shear
inducing member creates one or more stirred zones in the
particula~ m~erial layer, said sti~ed zones being located
between the shear inducing member and the ~o~dified zones.

12. A method according to claim 11, wherein a plurdRy
of shear inducing members are spaced axially along said
container so as to create a~ernate so~dified and stirred
zone~

13. A method according to claim 11, wherein the shear
inducing member includes radial members ex~nding into
the particul~e m~erial layer to create said one or more
stirred zone~

14. A method according to claim 11, wherein said one or
more sub~antially soEdified zones rotate w~h said con-
taine~

15. A method according to claim 9, wherein said one or
more substantially soEdified zones rotates w~h said con-
tainer and co-operates wRh said shear inducing member to
induce said shea~

16. A method according to claim 9, wherein said shear
inducing member N non-rotationaL

17. A grinding mill for particulate materiN, including a
rotary container having an inner surface, feed inlet for
feeding the particula~ m~erial to the contNne~ a rotary
drive rotating container at sufficknfly high speed that the
particulam materiN forms a layer retained agNn~ the inner
surface throughout ~s rotation, a sheer inducing member
contacting said layer so to induce shearing in sad laye~ sNd
shear inducing member including one or more radiM mem-
bers ext(nding into lhe particula~ lfye~ wherein sa~d shear
inducing member N non-rotationaL

6
18. A grin~ng mffi ~N~g to dam 1~ wh~ein ~e

rotary drive is ad@~d to rotate the container at least ten
~mes the m~imum speed ~ wh~h the pa~uh~ m~hl
~rms a hyer retained agNn~ the container inner s~hce

5 ~roughout Rs rotation.
19. A ~ m~ ~N~g to da~ 18, wNmh roUU

drive is ~d to rotate the container at ~ffid~t ~eed to
c~se one or more sub~antia~y solidified zones in the

~0 20. A grin~ng m~ ~g to dMm 1% wh~ein ~e
rotary drNe is ada~ed to rotate the container at ~ffiei~t
speed to cause one ~ m~e sub~antiaHy solidified zones in

21. A grin~ng m~ ~g to dMm 2~ wh~ein ~e
~5 shear ~dudng memb~ ~ ~d to cre~e one or more

sti~ed zones in the patinae ma~hl hy~ s~d sti~ed
zon~ berg ~c~ed ~n ~e ~e~ ~d~ mem~r and
the so~dified zone~

22. A ~n~ng m~ ~g to ddm 21, wh~ein a
~ p~y of ~e~ ~&ei~ ~m~m ~ ~e ~y ~

said container so as to create a~ernate so~dified and stirred
zone~

23. A mmhod of ~n~ng pa~lae m~erid, ~c~ng
~e~ng the pa~uhm ma~hl to a container w~ch h~ an

~5 inner surhc~ ~ng the container at suffic~nfly ~gh
speed that the pa~lae ma~hl ~rms a layer retained
ag~n~ the inner ~e ~roughout Rs ro~ an conmm-
~g ~e h~r ~ a ~e~ ~dudng memb~ to ~du~ ~e~
~ s~d l~e~ wh~ein ~ ~e~ ~duc~g memb~ ~du&s

~0 o~ or morn r~hl memb~s exmn~ng ~ ~e pa~lae
m~hl h~ wh~ein s~d ~e~ ~&eing memb~ ~
non-rotationaL

24. A mmhod acc~ng to claim 23, wh~ein the con-
tainer is rotated at least ten times the m~imum speed at

~5 w~ch ~e p~ti~hm m~ri~ ~ a ~ rmd~d ~dn~
the contdneFs inner s~hce ~roughout ~s rotation.

25. A mmhod acc~ng to claim 2~ wh~ein the con-
tainer is rotated at ~ffieieut speed to in&ce a ~rce of at
~a~ one hundred times ~ on the p~ticuhm ma~hl

26. A mmhod acc~ng to claim 23, wh~ein the con-
tainer is rotated at ~ffieieut speed to cause one or more
s~~ so~dified zones in the p~ti~hm ma~hl

45 27. A mmhod accor~ng to claim 26, wh~ein the shear
~dueing memb~ creates one or more sti~ed zones in the
p~ti~hm ma~hl hy~ sdd sti~ed zones berg locaed
bmw~n ~e ~e~ ~&c~g memb~ ~d ~e m~dfi~ ~s.

28. A mmhod ~g ~ d~m 2~ wh~e~ a p~rdRy
50 of shear ~dudng memb~s ~ ~aced a~y ~ong s~d

container so as to create a~ernate so~dified and sti~ed
zone~
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ABSTRACT

A food ingred~nt grinder assembly (10) having ingred~nt
hoppers (12) and grinding blades (20) for grinding ingredi-
ent upon recent w~hin grinding chamber (14) has a con-
trover th~ m~nt~ns a motor (38) operating after the ingre-
dient in the grinding chamber has been depl~ed to vNram
and blow away residual ground ingred~nt from interior
surfaces of the grinder assembly to reduce contamin~n of
different type of ingredient subsequently ground in the same
grinding chamber and passed to a brew basket (24) through
the same outlets and manifold (50). In one embodiment the
grinding blades are contro~ed according to a prese~ed
time period and in another embodiment the control is based
on the net w~ght of the ground ingredient within the brew
basket (24) which is measured through use of strain gages
(30).

24 Claim~ 8 Drawing Sheets
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