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15 One example of such a conventional hopper design is
that shown at 31 in Fig. 1 of U.S. patent no. 3,147,144
to Wilhelm (issued September 1, 1964). Wilhelm’s hopper
31 is composed of a four walled structure, with each wall
rigidly fixed to two adjacent walls to define a hollow

20 housing having a rectangular horizontal cross-section, a
rectangular opening or inlet at the top to receive
particulate material P and an opening at the bottom to
allow particulate material P to flow out of the'housing.

. According to its intended mode of operation, the

25 particulate material P flows downward, by the force of
gravity, from the top opening toward the bottom opening.
However, certain particulate materials have a tendency to
form a bridge spanning between two opposing hopper walls
(wherein a plurality of closely packed particles forms a

30 bridge or arch rigidly extending from one wall to an
opposing wall) during the flow toward the bottom opening.
Such particle bridges can restrict or stop the flow of
particles through the hopper. 1In order to address this
concern, Wilhelm employs a vibrator 32, mounted on the

35 outside surface of each hopper wall, for imparting a
vibrating motion intended to inhibit the formation of
particle bridges.
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this regard, two opposing walls (or two opposing portions

of a curved wall) will be affected by the same vibratory

20 motion and, thus, may vibrate in the same or close phase

and frequency, resulting in little or no relative motion

between the two opposing walls (or two opposing portions

of a curved wall). Without a suitable degree of relative

motion between the two opposing walls (or two opposing

25 portions ‘'of a curved wall), the ability of the vibrator

to break apart or inhibit the formation of a particle

bridge spanning between those opposed walls (or wall
portions) is greatly diminished.

Another prior hopper design is that shown in Fig. 1

30 of U.S. patent no. 4,522,500 to Hyer (issued June 11,

1985). Hyer’s hopper includes a rigid walled housing 12

defining an open interior in which an agitator assembly

18 is located. The agitator assembly includes an agitator

panel 20 situated internally of the hopper housing, a

35 vibration imparting device 24 fixed to a frame 22 situated

externally of the hopper housing and a pair of mounts 26

extending through the rigid wall of the hopper housing,
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-4 require, or perform better with, a sustained flow of
particles entering the pump. Examples of such solids pump
designs are described in U.S. patent no. 4,516,674 to

20 Firth (issued May 14, 1985), U.S. patent no. 4,988,239 to
Firth (issued January 29, 1991) and U.S. patent no.
5,051,041 to Firth (issued September 24, 1991), each of
which are commonly assigned to the same assignee of the
present invention and each of which are incorporated

25 herein by. reference. It is preferred that the hoppers
which control the flow of particles entering such pumps
be of the type which maintain a sustained, constant flow
of particles and which minimize the occurrence of particle
bridging or arching (fvhich may cause flow interruptions).

30  SUMMARY OF THE DISCLOSURE |

Accordingly, it is an object of the present invention
to provide improved hoppers and methods of making and
using the same, and in particular embodiments, to such
hoppers and methods for improved handling of particulate

35 matter having a tendency to bridge.

These and other objects are accomplished, according
to an embodiment of the present invention, by a hopper
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otherwise likely to form above the hopper outlet, and of
20 preventing the adhesion and packing of particulate
material to or on the walls, thereby allowing the material

to flow uniformly toward the outlet.
The live walls are moveably supported by a frame,
while the fixed walls are supported in a fixed relation
25 relative to the frame. The live walls are separated from
the fixed walls by seams such that the live walls are free
to move relative to the fixed walls. This arrangement
allows a high degree of active motion between the live
walls and between each live wall and each fixed wall. As
30 a result, particulate matter passing through the hopper
interior will be less likely to form a bridge between two
opposed walls and, thereby, inhibit the flow of particles.
The hopper is, thus, less likely to clog. In addition,
the hopper can provide a generally constant, unvarying

35 particle flow rate from its outlet.

RIEF DESCRIPTION O E D NGS

The detailed description will be made with reference
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but is made merely for the purpose of illustrating the

general principles of embodiments of the invention. The

scope of the invention is best defined by the appended

20 claims. | -

Fig. 1 is a perspective view of a vibrating live wall
hopper 100 according to an embodiment of the present
invention. As discussed in more detail below, hopper
embodiments of the present invention are suitable for

25 control']:ing the flow of particulate material, such as
mined minerals, soil, coal or other raw materials, as well
as food items, articles of manufacture or the like. While
various embodiments may also be suitable for controlling
the flow of materials other than particulate materials,

30 the use of the hopper to control the flow of particulate
material raises various concerns, especially where the
particulate material is composed of particles of varying
size and shape (such as raw coal or other mined
materials).

35 Particulate mater:.al especially if composed of
varying size and shape particles, tends to form bridges
spanning between opposing walls or surfaces along the flow
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suited for controlling the flow of particulate material
supplied to the hopper from, for example, a pipe having
20 a circular cross-section, and supplied from the hopper to,
for example, the rectangular inlet opening of a solids
pump of the type described in U.S. Patent No. 4,516,674
to Firth, U.Ss. patent no. 4,988,239 to Firth and U.S.
patent no. 5,051,041 to Firth, each of which is cited
25 above in the Background of the Invention section.
However, it will be recognized that further embodiments
of the present invention may be suitable for controlling
the flow of particulate or other materials in various
other contexts, such as (but not limited to) controlling
30 the flow of articles of manufacture or raw materials into
containers or onto conveyor belts or other transportation
devices.
Ihe hopper 100 comprises, generally, a hopper
housing 102 supported by a hopper frame 104. The housing
35 102 has two opposed live walls 106 and 108 and two opposed
fixed walls 110 and 112. The four walls 106, 108, 110 and
112 define a hollow interior 114 through which particulate
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bet ween t he opper interior 114 will be less likely to form a bridge
between two opposed walls and, thereby, inhibit the flow
of particles. The hopper is, thus, less likely to clog.
20 In addition, the hopper can provide a generally constant,
unvarying particle flow rate from its outlet.
As shown'in Fig. 1, the live wall 106 is separated
from fixed wall 112 by a seam 120 and is separated from
fixed wall 110 by a seam 122. As a result, live wall 106
25 is free to move relative to the fixed walls 110 and 112.
Similarly, live wall 108 is separated from fixed walls 112
and 110 by seams 124 and 126, respectively, and is free
to move relative to the fixed walls. In order to
facilitate such relative movement of the live walls 106
30 and 108, the live walls are moveably coupled to the frame
104, while the fixed walls 110 and 112 are fixed to the
bottom mounting plate 140 as discussed in more detail
below.
In preferred embodiments, a seal is provided along
35 seams 120, 122, 124 and 126, so as to inhibit the passage
of particles, dust, or the like into or through the seams.
In the illustrated embodiment, the seal comprises a strip
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durable material having a low coefficient of friction to
20 the hopper interior facing surface of each flexible sheet
or strip. This additional sheet or strip of material on
the hopper interior facing surface of each flexible sheet
or strip is particularly preferred, if the flexible
material has a tendency to abrade or otherwise be damaged
25 by contaéting particles as the particles flow through the
hopper housing, and/or if the flexible material has a
relatively high coefficient of friction which would tend
to hinder the flow ‘of particles through the popper
housing.
30 This preferred embodiment is further illustrated in
Fig. 2, which shows a portion of each of the fixed wall
112, the live wall 106, a sheet or strip of flexible
material 128 extending across the seam 120 and a sheet or
strip of durable material 130 on the surface of the
35 flexible material 128 which faces the hopper housing
interior 114. 1In the illustrated embodiment, the sheet
of durable material 130 has a seam 131 arranged in line



15 t hrough the seans between the [ive and fixed walls by . pressure

Wi thin the hopper housi NCrhis Sheet Has Been/Replaxe®f err ed enbodi-
housi ng Wl | s 106, 101ls EH@ eeillmﬁ are nmade of "iﬁlugfﬁ @T 8 4 ?

enbodi eghfs, the walls may er high strength 20 nmateri aI

ot her Foys or pure netal ot her resin based naterials,

ceram & wood or the like. The flexible material 128 is preferably a
synt hgd c or natural rubber or rubbeg-+i ke material, neoprene, natural
or & synthetic fabric or the |ike. The durable material 130 25 is

pref lBbly an withthe geamplleoubetween dite fdlkedt Apdehive walls1dR aadt hat

il ider £ o166 268 Kl SR a1 5o AL NGl Sk2kol 3B b

sui tabl e mat er1 a ["ast1 cs or
r esTRLABEER Fat é‘lheaI%lx%r%lbsn%od m fwgthekeprsﬁerred As

W o1 G (apoasiench) dyel08c 140 dafabld naserii® B0 uBheR1Ebo1gY
J. ' 56 5na 188 providif e taver foh S ing, kit aner dohanh PREBEE: oul ar
let 116. Thhobtsirg walls Fb@ ancmbl?,arm fredutd Otnel?)Eoefllexténtgulfar
gott om nount i n 1 vin ecta n

ig. 3is a togrgjl:g%vg%f %? hga}]é g%ée{lg} Eg %ﬁﬁg s\’lﬁlflag C%tt %g h%ggéand
112, showi ng tggupm@nd/or to increase the abrasion resistance ofighe

i nl et opening ﬁéﬁper':héusﬂnésw@].fgp view of the bottom nmounting plate
140, show ,ng ther cta 5 out | et openi ng The fixed

wal I's 118%nd 112 QuF PHSVBBF%BﬂwP]EFte rﬁ%?nﬂ?n?‘b?%&% toghen 3
fixed rel ati onextbaﬁ.ore surflace of el6ht FINEANFADD Rhat ardy 31'0, Sandabl e

fixed ti h : , _bol t h k

A ternac | vel v ekhena 84ds FHE " s33na 0 25; aha, 23 020 she, aans 123, AR,

pl ate 140 may B@6f cpmetheextaricrapy the Uippex hbﬁls:.ng.g Tivy platie rml3d| ng
or other suitahgiBiecessis r1d¥h ble Pa{:uﬁgﬂ 3 Mo elhd Bres %&ggg'y

secured to the
such as e W?Bﬁhn@%mstbetml thet llt;erestand:t:megd lﬂaléﬂom in

the figures. 1§ressureTth§Dhl agetugspéfrmgiﬁé. 142 each conprise a large
In preferred embodiments, the hopper housing walls
106, 108, 110 and 112 are made of steel. In further
embodiments, the walls may be made of other high strength

20 material, other alloys or pure metals, plastics or other
resin based materials, ceramics, wood or the like. The
flexible material 128 is preferably a synthetic or natural
rubber or rubber-like material, neoprene, natural or
synthetic fabric or the like. The durable material 130

25 is preferably an ultra-high molecular weight polyethylene,
such as that sold under the trademark TIVAR 88.
Alternatively, material 130 may be other suitable
materials, such as metals, metal alloys, plastics or other
resin based materials, ceramics, wood or the like. '

30 As shown in Fig. 1, each wall 106, 108, 110 and 112
has an upper flange portion 132, 134, 136 and 138,
respectively. The flange portions 132, 134, 136 and 138
form an annular upper flange surrounding the circular
inlet 116. The fixed walls 110 and 112 are fixed to a

35 rectangular bottom mounting plate 140 having a rectangular
outlet opening 118. Fig. 3 is a top view of the hopper
housing walls 106, 108, 110 and 112, showing the round
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nmoveabl e coupl ldyenwards 186 aAand: 108 axe wmovesbilycsecured sy he
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i ncl udes diameter outer tube 144 in which a smaller diameter inner

tube 146 is moveable in a telescoping manner relative to
the ocuter tube. A spring (not shown) is housed within the
outer tube 144 and biases the inner tube 146 against
20 movement of the inner tube further into the interior of
the outer tube. The large diameter tubes 144 of the
spring tube structures 142 are fixed to a shelf 148
extending from the live wall 106 and a shelf 150 extending
from live wall 108. The small diameter tube 146 of each
25 structure 142 is fixed to a bottom mounting plate 140
which is, itself, adjustable, e.g., by virtue of mounting
bolts located in each supporting member 162, 168, 170,
172, 174 extending through bolt holes in the cup plate and
through elongated bolt holes (elongated in the radial
30 direction of the bolt) in the frame member (or by virgue
of other suitable adjustment means). This adjustment
enables the spring to be centralized within the large tube
144 and the small tube 146 in response to changing weight
of the material in the hopper.
35 The spring tube structures 142 couple each live wall
106 and 108 to the bottom mounting plate 140, while
allowing limited vertical and lateral motion between the
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base beams 176 and 178 and a base board 180. As shown in

20 the Fig. 1, the horizontal members 160, 162, 170 and 168

form a rectangle about the upper portion of the hopper
housing 102.

Horizontal member 172 truncates the corner of the

rectangle formed by hérizontal members 162 and 170, while

25 horizontdl member 174 truncates the corner of the

rectangle formed by horizontal members 160 and 168.

Another horizontal member (hidden from view in Fig. 1)

truncates the corner formed by horizontal members 168 and

170 and a further horizontal member (removed from f‘iq. 1

30 in the cut-away portion of the figure) truncates the

corner formed by horizontal members 160 and 162. The live

walls of the hopper housing are moveably secured to

certain horizontal members by moveable coupling means 182,

such as those discussed above with respect to spring tube

35 structures 142 and suitable alternatives thereof. The

fixed walls 110 and 112 are coupled, in a fixed relation,

to horizontal members 170 and 160, respectively, by fixed
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alternative t0o an eccentric ry vibrator. | e, other
types of vi br pestionpefuthe clenath caf hOnz%F%#smBPbPﬁe V?k@’%@’dﬁe used
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Preferably, the vibration dévice 184 is_nount [ at a
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of the hopper membeirsy (nutershownpcwhichbtruncahe the corners between
members 160 and 162 and between members 168 and 170 extend
below the flange portions 134 and 132 of live walls 108
20 and 106, réspectively.
As shown in Fig. 1, the moveable coupling means 182
are positioned between the flange portions of the live
hopper walls and the underlying portions of the horizontal
members 162, 168, 172, 174 and the two horizontal members
25 not illustrated in Fig. 1. This enables the live walls
106 and 108 to be moveable relative to the frame 104.
However, because the fixed walls 110 and 112 are fixed to
the horizontal members 170 and 160, respectively, these
walls are not moveable relative to the frame 104.
30 The baseboard 180 is supported below at least a
portion of the hopper housing 102 by the base beams 176
and 178. The baseboard 180 is provided for supporting a
piece of equipment to which the particulate material
passing through the hopper housing 102 is fed. As
35 discussed above, such equipment may be, for example, a
solids pump of the type described in the Firth patents
cited above. The bottom mounting plate 140 may be fixedly
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20 which particle bridging is most 1likely to occur (the
portion of the hopper housing interior located below the
mid-point of the vertical height of the hopper housing).
That is, particle bridging is most likely to occur in the
portion of the hopper interior at which the opposing walls

25 of the hopper are relatively close together, i.e., near
the outlet. 1In further embodiments, a vibration device
or wall moving motor may be located remote from the live
wall, but coupled thereto through suitable linkage, such
as a spring linkage or solid linkage structure.

30 With the recognition that particle bridging is most
likely to occur near the ocutlet (where the opposed housing
walls are relatively close together), preferred
embodiments employ the live wall coupled to the wall
moving means (e.g., vibration device) near the outlet.

35 By so locating the live wall and the vibration device and
by supporting the live wall for ready movement to inhibit
bridging, the vertical height of the hopper walls may be
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live wal |1iv®vwadile ¥Q8 .at | Ednce i the opavecvald | 1°§Hg-ﬁcem°‘t’ﬂ%b1

coupled to the bottom mounting plate 140 and the frame

104, as discussed above, the movement force imparted by

the wall moving means causes the live wall 108 to move (or

20 vibrate) relative to the plate 140 and the frame 104.
Moreover, the seams 124 and 126 between the live wall 108

and the fixed walls 112 and 110, respectively, allow the

live wall 108 to move relative to the fixed walls 110 and

112 and the other live wall 106. The moveable coupling

25 means 142 and 182, the seams 124 and 126 separating the
live wall 108 from the fixed walls, and the flexible
material 128 function, not only to allow the live wall 108

to move relative to the other hopper walls, but also
function to isolate each live wall 108 from the other

30 hopper walls, minimizing the transfer of motion (or
vibrations) to the other walls, the frame 104 and the
equipment to which the mounting plate 140 may be coupled.
Preferably, a second wall moving means (not shown),

such as a vibration device 184 'or alternatives as

35 discussed above, is coupled to live wall 106. In this
embodiment, each live wall 106 and 108 is moved by a
separate wall moving means, such that the walls 106 and



ce between live wall's 106 and 108 adj acent the outlet 118
t han the dhsﬁsmﬁ{abggemeﬂacgd xed wal | s 110 and 112 adj acent

the outlef). This is b ticle bridges are mppehe kelly
so as tojfspan fro}mmlum&muﬂl oser together” vvalllm/tusitg ()/Togozg%nq' 7
30 walf. I ed enbodi nent, the "cl oser together"
wall's (Ilfive walls 106 and 108) nay be adjusted relative to each other
adj ace the outlet 118, so as to adjust .the short width W2 of the

outl et §118. Positioning neans are 35 ided for controlling the size

p
and shipe of t oytihgt 18 t Lol ﬁ;ﬂfgﬂ , h
posi t ifoni ng 16e vrr%é%s %%vfpr?éegﬁgfégelgge\ﬁrﬁnﬁiﬁﬂe roﬁﬁagr g%l%gt S
relativeqto each otheRed Asoat Fespit: Parimiiake pareriajo and

abut fagai nst passifigr tiesughiie HoppeRch¥fsingbwillNse | 0y 13elyoROf the
l'ivefwal | 108 for agggtlng and controlling t ositjon of the live

hé
108 and, fREPe ArfsPeTeen Pr Rahexs 1) the gL itR "Ald® W of the
outfet 118. Sim|As notedoabdvenerhbolicppexrl Apusing A2 pdefines a

adjfacent the 8igc+ﬂl¥§ Wahlet! O f Ofn g ORT LAl '{l%\ﬁtﬂ‘i- 1o f§, (N anal |
Suyfh spring and bolt structures are di 2SS ow w respect to
tife thrust sprregsangedar outlet 113 fefihes aolongmistim¥itand mshort

mbi nati on or walknof wohe walpige0f akhenote h(ﬁ%g%re,ho 1130 FRsild Prigvi ded
i th positioni ng meani. I n adai tion, ?u_rt_ er enbodi nent s rra%ge,rrpl oy
Other types Par§icplariyompitabppafer kecalving parkifylare aaterial

i1l ustrated posiromoai pdpBohavifng &rPcled SFdéséaseEtion lfabout the dilxe

mbodi t sh i Fi 6, t hrust Spri. 189 . '
i e B A R
abutting. a e eor n

(direct gd ltoo thelet (J&H@ éﬁgesi b Iéitg. }%u jof} Hamg‘gp Le14¢99 @Pai nst
one of 20 the?ﬂ Ive " walls. he golt 18t6h exfengs #ﬂrougﬁ a thr.eaﬁd'

aperture in a However,1d& idlcdhe mscpgnigedkhatorfurther emhodiments

within the hougmgthl0 ifveht£61f0)nay ORake! hBﬁPer hévsings ! 4E¥ iAing

e VA blee ShaTak 151 Pa Sobbathonsd ciscatann i, T S
shown in Fig. 1. For example, further embodiments may
have rectanqular (or any polygonal or closed curve shaped)
openings for the inlet and/or the outlet.

20 In embodiments, such as the illustrated embodiment,
wherein two opposed walls are closer together than other
opposed walls near the outlet, it is preferred that at
least one of the two "closer together" walls be a live

~wall, mgveable relative to its opposed wall. (Hence, the

25 distance between live walls 106 and 108 adjacent the
outlet 118 is smaller than the distance between fixed
walls 110 and 112 adjacent the outlet). This is because
particle bridges are more likely to form so as to span
from one of the "closer together" walls to its opposed

- 30 wall.

In the illustrated embodiment, the "closer together"
walls (live walls 106 and 108) may be adjusted relative
to each other adjacent the outlet 118, so as to adjust the
short width W2 of the outlet 118. Positioning means are

35 provided for controlling the size and shape of the ocutlet
118. In the illustrated embodiment, such positioning
means comprise bolts 186 which extend through brackets 188




-In a prefedted enbodi-nent; two thrust springé 189 are | provi ded
adj aeent the | ower end of each live wall; between the live wall and

t he base Th@hegtHa ﬁree t hrust springs are pro dj acen
upper end g ‘Wﬁ“& wal |, between the live wall :ﬁ&dﬁﬂg arrz Qozhg 4 7
ot

O her y enploy fewer or nore thrust. springs at

t hese or suitable locations. The thrust springs operate to
mnimzg lateral vibratory novenent of t live wal l's, while allow ng
the walfs to vibrate, primarily in 35 t'he vertical direction.

Wi | e
wal | s

e '||U?Ekéae@oe@Bﬁd?G%QEPeﬂBhﬁ¥§nBWBlhkﬁe140 and@abatd Agaliyae’ | xed

it wll be . recognize

- 17 fﬁPFFt@ﬁ'eHBbﬁhneﬁl‘WQﬁmlW‘arﬁh% vkqwes Parkien off the
wal |.gf whereinlamg Qamonosorrbtnaa @8 g tdea V@AA&J@H& the pdgitdon N

furtffer enbodi ngnt .0f the op r malls and noveabl e
rel five to ot R&r %88pe#*%§ll lg 158 ﬁ&ﬁsﬁFwy 3&j and
enbgdi mentss alcontrollbag the coidtilewad om ahé oatledt L8, i | Iaim.rlam ve

not g@c 3G bhyg- b-gl%sS%n ‘Pi 'ﬂsngw@l&sg”%p Qégﬁ@t %he

byfFt he appende l'ai ms_ rat her and al
nges whi ch &éife WALH; A°§h§°neamwgol.mmqamerm@petm ez;mmmtemgnof t he

cfainms are, theuehospring andNbEneeghvctier &8PLAE i dhfiddd) below with
respect to the thrust springs 189. In further
10  embodiments, any combination or all of the walls of the
hopper housing may be provided with positioning means.
In addition, further embodiments may employ other types
of positioning apparatus as an alternative to the
illustrated positioning bolt and bracket arrangement.
15 In the embodiment shown in Figs. 5 and 6, the thrust
springs 189 comprise a cup-shaped housing 190, in which
a coil spring 192 and a spring abutting plate 194 are
disposed. The cuil spring has a free end (directed to the
right side of Fig. 6) positioned to urge against one of
20 the live walls. The bolt 186 extends through a threaded
aperture in a bracket 196 and controls the location of
plate 194 within the housing 190 to, thereby, control the
spring tension. Similar thrust springs 189 may be mounted
to the hprizontal members of the frame 104 which surround
25 the hopper housing, as shown in Fig. 5.

In a preferred embodiment, two thrust springs 189 are
provided adjacent the lower end of each live wall, between
the live wall and the base 140 and two or three thrust
springs are provided adjacent the upper end of each live

30 wall, between the live wall and the frame 104. Other
embodiments may employ fewer or more thrust springs at
these or other suitable locations. The thrust springs
operate to minimize lateral vibratory movement of the live
walls, while allowing the walls to vibrate, primarily in

35 the vertical direction.

While the illustrated embodiment employs two live
walls and two fixed walls, it will be recognized that



1. A hopgr for controlling the flow of particulate material, said hopper
conpri si ag,; a housing having a first wall and a generally rigid
second | supported for novenent. relative to the firstp L‘]JQ n-,aJ{ @e'f:lse 4 1
the vertjgcal direction, said first and second walls belng Supborted such
that, aif any given nonent, at |east one | ocation on the flrst wall is in a
connnn- orizontal plane with at |east one |ocation on the second wall,
sai d F sing defining an open interior - Rt ween the first and second wal | s,
an |n-'t through which particulate material flows-into the housing
r and aﬁuntmeet embodinglentksi maypaenp ey aapynmwitahile fngpRenyeLof the
g interlQhildNdherein A Ine"BE' BbhKEhYLIGHPLE ki FRIXE HGORA VAl |,
enf|r

Vi ng sSsail e Seco relative said first wall_ ’n at

sai d veriiver &in urtber embodlmenmsh@dﬂepfa§hﬁe’e9?w RIS, may)

er  conprpgl Mv&“v‘i‘ﬂé névEsBié vleéyaﬁ:mlw dtﬂh&allfbﬂpe"xstwa/lﬂld., for
ng said first ed | claim1,_ wherein

val e
Jd houSing furtTRe |HEF§GE§1¥h|FasgﬁﬁsFaurFﬂgﬂéPpgn fhePEBn 04 P& rst
second wal tondt8eredf i int £AN yespedts as illustrative and not

restrictive. The sccpe of- the invention being indicated
by the appended claims, rather than the foregoing
description, and alllchanges which come within the meaning

10 and range of equivalency of the claims are, therefore,
intended to be embraced therein.
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19 - surf agf

s, respectively, which race each other across tne housing
i nterior#

nd said thirdand fourth walls defipe third and fourthr surfaces,

ienospegfacrectco | IMMANMINRONIES <2 FEI% P (R eo 0
that tn

g di stance betwees s&id" first and s§ & X atacenty aaid10QL
:fis smaller than the distance betjge &aepb’-and'f arvly ’wat"s5,

adj acggt said outlet. 5. A hopper as recited in claim3, further
conpr:ifing means, operati xehypserpfetl ¢onsoIl iy rechevaillow dfor noving said
thirggwal | relative to said fourth wall. 6. A hopper as recited in

clakgpl, wherel 9asaldudRaNGalOLs MDY 09: §OMBDEE ol U AL/ - . A

as recitég in clrarm erel n sai r'st secohd wal |l s each

def e a respective interior facing surface and1a respective exterior
faghg surface, the? RPEFL-BE Pa¥iAg 3uFEERe Wl sARF 13 (ISR 40 he

erior facing surface of said second wall across the housing interior
agifl the exteriosekcacingadlr Sapperbvédedch movemnent frekicivel Secorl Sitds
dfff i ne a respective portion of the exterior of the housing.

waill in at least the vertical directicn, said first and
second walls being supported such that, at any given
moment, at least one location on the first wall is in a
common horizontal plane with at least one location on the
second wall, said housing defining an open interior
between the first and second walls, an inlet through
which particulate material flows into the housing
interior and an outlet through which particulate materia.
flows out of the housing interior; and

means, operatively coupled to said second wall, for
moving said entire second wall relative to said first
wall in at least said vertical direction.

2. A hopper as recited in claim 1, further
comprising means, operatively coupled to said first wa.l.
for moving said first wall.

3. A hopper as recited in claim 1, wherein said

housing further includes third and fourth walls, where::

said first and second walls define first and second
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. 20 «F A hopper as recited in claim?7, wherein said means for
-.moving coigy¥ises a vibrator coupled to the exterior surface of the
second waky. z““ﬂ l"l I ﬂniuluhr controlling the flow of
- particul & materi al} #HM8orprising: a housing having a

first wal® and a generally rigid second wal{ “supported forf: ﬁUVGWEﬂL‘7
rel ati vegfo the first wal | in at |east;dh@veyti,gakAlLectiqrn, i,
housi ng; defining an open interior bet Wleéens‘lhgec,aﬁfd;d' 8€C '55% M@%QS
t hr Ougfbma‘éb&arﬁééﬂéﬁi% 1RE erjndlonf l:qwa eachnbehé?e??{)b’éé ng.

an inle
interi gaand an outlet through I C particulate materi a ows out of
the h@ ng inte ratively pougL ed to_said

[,00 ..and . . _heans, .ope vely_ . S
secondiial |, forid&g‘ﬁ%c{/ilﬁvg:efmof ARG F8-SebdndmaPR rePEERVERL 0SSAFE-FRr st

wal | at least said vertical direction; wherein said first and
secorfiwal | s eachiged iand Lourztespafisioes i meepeor ivaiivngwbichatacangdaah
respgtive exterior facing surface, the interior facing surface of

sai ifffirst val | duoes ddwdaterd Mousatigdnsurtage of said  second wal |
acrgs the housing interior and the exterior facing surfaces of each of

irst and second 8l S hopper as recited in claim 3, wherein said
housing is configured such that the distance between said
first and second wélls, adjacent said ocutlet, is smaller
than the distance between said third and fourth walls,
adjacent said outlet.

5. A hopper as recited in claim 3, further
comprising means, operatively coupled to said third wall,
for moving said third wall relative to said fourth wall.

6. A hopper as recited in claim 1, wherein said
means for moving comprises a vibrator.

7. A hopper as.recited in claim 1, wherein said
first énd second walls each define a respective interior
facing surface and a respective exterior facing surface,
the interior facing surface of said first wall faces th
interior facing surface of said second wall across the
housing interior and the exterior facing surfaces of each

of the first and second walls define a respective porticn

of the exterior of the housing.
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Espective portion of the exterior of the housing;

wherein freans—for oving conprises a vibrator coupled to the exterior
surf ace Fne wherein said |nIet i § Io

verti cofni ghmﬂmmmu‘wnu‘"et , and wher ei P@K& br at 2 éq’u@ b o
t he ¥d wal | *betwelen ® heé i Al et and the outl el at a Iocatlon verti cal

di spl adl¥ fromthe outlet by a dlstance fﬁ%'VEFt aﬂ““"’
sh o Y Aﬁgﬂgg Redd Q) 2FC0T 1895

ent from t he |nIet redi'téd in cra n12

said neans f conpri.s -4 t - opper as
in claim 2, ereln g%%f aFlrs? SR secg g malrsw%%%%iﬁp?gﬁg a

respej@ve interior facing surface and a respective exterior faC|ng

surf & and saiWHERNSLE JOHNE FETFI-FeSe@ofdoORBFFrcERPFL88sta “Rer st
dr coupled to the exterior facing surface of the second wall and

{eans for novienisaishfface ofaltdhe cerphdseaa.second vi brator coupl ed

gFc exterior surface of said first wall. 12. A hopper for

con olling the flow®f A hopper for zontrolling the Zicw of

zarticulate material, said hopper comprisin

a housing having a first wall and a generally rigid
second wall supported for movement relative to the first
wall in at least the vertical directicn, said housing
defining an open interior between the first and second
wﬁlls, an inlet through which particulate material flows
into the housing interior and an outlet through which
particulate material flows out of the housing interior;
and

means, operatively coupled to said second wall, for
moving said entire second wall relative to said first
wall i? at least said vertical direction;

wherein said first and second walls each define a
respective interior facing surface and a respective
exterior facing surface, the interior facing surface of
said first wall faces the interior facing surface of said
second wall across the housing interior and the exterior

facing surfaces of each of the first and second walls
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erial, said hopper conprising:
sing having a first wall and a second wall, the second wall
supported {2

; nov ative to the first | east, t hé- verrldaL
“direction, #faid hou3| Eﬁmh Ml!u Hlm!llopen i nt e\rNabcw.@e [?. fl ?{i

particul ate
22 - a ;

second wal s, an |n particulate materi al
housi ng i ntferior and an outl et through whigh partlcglate nﬁfer fPanf>v<
out of thefhousing interior; nmeans, operatlvéTy coupfed t ;
second walfl , fordefibmeng sesﬁeéteﬁ@éldodhaiioxr edfatdhee dxtezdogt bEr s_hewall g ?
means op atlvely coupled to said first wall, for noving said first walif';
wher ei Rogdifgfirst and second wal | s each define a respective

interiorffacing surface and a respectlve exterior facing surface and said

means fg#r noving said . second wall ggrlses a first vilhrator coggled to
the exferior facing SOFF&ER 9§ l@rﬁ?%- ortF R Y=Th F TE*d Sfr8afts VI PERERBvi ng
said fgrst wall conprises a second vibrator coupled to the exterior

surfadle of sai d ¢PvRiedalrd: thadexteriatheswidadehef et sesondcygdd; and
vertigal |y higher than
wherein said inlet is lccated vertically higher than

the outlet, and wherein the vibrator is coupled to the
second wall between the inlet and the outlet at a
location vertically displaced from the outlet by a
distance smaller than the vertical displacement from the
inlet.

10. A hopper as recited in claim 2, wherein said
means for moving comprises a vibrator.

11. A hopper as recited in claim 2, wherein said
first and second walls each define a respective interior
facing surface and a respective exterior facing surface
and sa%d means for moving said second wall comprises a
first vibrator coupled to the exterior facing surface of
the second wall and said means for moving said first wall_
comprises a second vibrator coupled to the exterior
surface of said first wall.

12. A hopper for controlling the flow of

particulate material, said hopper comprising:

This. Sheet Has Been Replaced
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the outl et 4hd wherein the first vibrator is coupled to the second wall

_ bet ween :t ¥ nl er—andthe outfet—at a |ocation #6” i ?8' ly .di s’pl aced .f Fom
T {2 T e oo ROTS, 4 e G4 7
Vi ratogar

coupled t6& shid" First wall bet mé&a gp{-}et...and d Re~out ngs

i 0N vertically displaced fromth W & .di st dndes U

fan the vertical displacenent fromthe inlet. 13. A hopper
bl 1ing the A SRUSEng pavinguhaférgntealhl and aa dEerppdrvalohprile ng:
a hou p having a first wall and a second wall, the second wall

suppoiiiFd for neemmid wagllaisuyeok@elih€oti hétremed@l tol sl vl fid sthanfl sexcond
i ng supported such that, at any given nonent, at |east one

bn on the, .,fi r;st a‘ﬁa'l'eaiﬁ% Eﬂe?ggggﬁ@gl hQ%ié%{?“ié%, plane wadidy Ay | east

one ¥@cati on on the second wa sdi d AGUSINng ATHg' an open Interior
betﬁg-n the first and second walls, an inlet through which particulate
mat &ffi al fl ows IGRTOHRG AFoFERHy LRREELPEr P8RYSER bt | et T hr MY THTEh
¥ culate material flows out of the housing interior; nmeans,

opgfatively couptadd-s,0 agniishledc ahotoughl whiich particulate material flows
J into the housing interior and an outlet through which
particulate material flows out of the housing interior;

means, operatively coupled to said second wall, for
moving said second wall relative to said first wall;

means operatively coupled to said first wall, for
moving said first wall; and

wherein said first and second walls each define a
respective interior facing surface and a respective
exterior facing surface and said means for moving said
second wall comprises.a first vibrator coupled to the
exteri?r facing surface of the second wall and said means
fof moving said first wall comprises a'secénd vibrator
coupled to the exterior surface of said first wall; and

wherein the inlet is located vertically higher than
the outlet, and wherein the first vibrator is coupled to

the second wall between the inlet and the outlet at a

location vertically displaced from the outlet by a
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nmovi ng sajd second wall relative to said first wall; a frame for
suypportigg-the first and second housing wal |'s; and nnveable :
~couplin maansrﬂm mgmn'" mlsecond wal | C -
" 24 to the fra llH ch all ows relatlngTrxﬁ@rrentg 'n'ﬂlf7
second Il and the frane. 14. A hoppen as recited in clalm

wherei f said noveable coupling nmeans copp @@F YT 1o ﬁ,_
hopperf for controlling the flow of partlculate V15 ang 3dbg q95
conprfsing:  distarhesinigl RaVidGna chiel %r“@khxaa@sﬁl§@§ﬁ@ﬂtv‘@1’5m EHS
secorfd wal | supported for anenent relatlve to the first wall, sal

housf ng defi ni ny erlor belmee € rst and_se

inl ft through véhf%} partlctﬂ%ﬁ33 PF&F“H ﬁNErFﬁP5 fﬁeCHBBg?g L’Pn?@rfior
an outl et thrpugh which particulate material flows out of the housing
i nferior; Ireshiabpheienn rheodpres radsEng SuEdRE Bl B, LFERTLABYI ng
d second wall relative to said first wall; a frane for supporting
tjle first and sezonicdblgidipplaced from the outlet by a distance

smaller than the vertical displacement from the inlet.

13. A hopper for cecntrolling the flow of
particulate material, said hopper comprising:

a housing having a first wall and a second wall, the
second wall supported for movement relative to the first
wall, said first and second walls being supported such
that, at any given moment, at least one location on the
first wall is in a common horizontal plane with at least
one location on the second wall, said housing defining an
open interior between the first and second walls, an
inlet through which particulate material flows into the
housing.interior and an outlet through which particulaze=
material flows out of the housing interior;

means, operatively coupled to said second wall, £fc:
moving said second w%ll relative to said first wall;

a frame for supporting the first and second hous:i::
walls; and

moveable coupling means for coupling the second wa..
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. noveabl e coupling nmeans for coupling the second wall to
the fram fin a nannef- mh%eh al -ows—rel ati ve novenent between the second

wal | .and fhe frane; d noveabl e coupling neans COprlses-
outer agd inner tu r"ﬂmmalli m, t el escopi np
25 I nngr tube S|I out er tub%ﬁ ﬁ’% g
out er tybe. 16 A hopper for contrading n:panLl 1.995

, said hopper conprising: a housing having a first wall and a
second/wal | , th&o sd¢oifdamel linsappanhed whichoabbews relative hovéhendirst

wal | aid flrst and second wal | s being supported such that, at any given
monenf, at |eastcernmerocald @acondt ha:1f bhgt cuel k kvalﬁ in a comon horizontal
plang with at | east one |ocation on the second ? sald housi ng defi ni ng
an

pen interior bet.yeen tgﬁ first and secqnd ma |nlet throu h
whi gh particul ate naterlar SRS Ti Afo*ER&“Rod8i A rﬂt%?fof SRELRASHE | et

thrfough which particulate material flows out of the housing interior;
meAns, operati valSySeRHS SOUPS i38i MesasoAdmpPaiEesfarspring.

15. A hopper for controlling the flcw ¢

Hh

particulate material, said hopper comprising:

a housing having a first wall and a second wall, the
second wall supported for movement relative to the first
wall, said housing defining an open interior between the
first and second walls, an inlet through which
particulate material flows into the housing interior and
an outlet through which particulate matérial flows out of
the housing interior;

means, operatively coupled to said second wall, for
moving said second wall relative to said first wall;

q-frame for supporting the first and second housing
wails; and

moveable coupling means for coupling the second wall
to the frame in a manner which allows relative movement

between the second wall and the frame;
wherein said moveable coupling means comprises cuter

and inner tubes arranged in a telescoping manner with the
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novi ng sai econd wall relative to séid first wall; wherein said
housi ng. f her includes third and fourth walls, said first and second
wal |'s defffhe first ﬂ ces respectlvely, whi ¢h face each -
~other acfoss the Amumﬂnﬂuﬂ nd said thPﬁmf ourg I/s J4f ifhe
third ang fourth surfacest résp%ctlvely, whi ¢ ach het across the
housi ng

nteri or; » - - oy =~f we“rm M
supportfng the f| rst, second third and "I‘sourm E&ﬁﬂn -wa| I'§~ rmd A ‘ags
noveable couplin for u ng.t i L n £
frame fin a nanne?l%ﬁaQ% al ISov egnga? ‘%DV%%E%?Q%EtMg%% % sf'§£||

and the frane and between the second wall and the frane. 15. A
hoppér for cont PEIYtiFy thige outex stbeparticul ate material, said hopper
congri si ng: a housing having a first wall and a second wal I, the

second wal | supporteds.or m\nepatr celratcverbdlihg thesflowads, sai d
hogisi ng defining an open interior between the first and second wal | s, an

det through whigh : RAddL Wadled 138t ehaly hbgysri BbfipkhgiAgusi ng interior

a housing-having a first wall and a second wall, the
second wall supported for movement relative to the first
wall, said first and second walls being supported such
that, at any given moment, at least one location on the
first wall is in a common horizontal plane with at least
one location on the second wall, said housing defining an
open interior between the first and second walls, an
inlet through which particulate material flows into the
housing interior and an ocutlet through which particulate
material f£lows out of the housing interior;

means, operatively coupled to said second wall, for
moving.said second wall relative to said first wall;

wherein said housing further includes third and
fourth walls, said first and second walls define first
and second surfaces, respectively, which face each other
across the housing interior and said third and fourth

walls define third and fourth surfaces, respectively,

which face each other across the housing interior;
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EFCul ate material flows out of the housi ng
Bt i vely coupled to said second wall, for noving

At i ve to ‘ | a frame for supporting
h(ﬂ“ll gmiﬁ “!ﬂg \dn ] m)veabl e coupl ing peans _for

ch a Y
e second vval I and the fr -~ _9_(2}\,7 ,Qe;:?_ ,7
gi d noveabl e coupling ﬁ@anﬁ] ﬂ@c@ QUt 6K, rid umeat;gs
*a tel escopi ng manner with t I nner tube slideable
ube fralmen S iswpramticn chige Zdassr sepend, cthirdeandA
wrolling the flow of particulate material, said hopper
B routhoumisihdadiig;a dbd st wall and a second wal |, the
2 supported for nmovenent relative to the first wall, said first
gnd wal | s bei r S =31 gL,xen,gogen | east
qgation on the 5§?§%§“§&1§ﬂ£?5#§1mea%%%ﬁﬁh ﬁ%p¥26ﬁ¥ar %Fa*éggﬁshd

“one |l ocation e second wall, said housing defining an
secon S to the frame in a manner which allows

relative movement between the first wall and the frame
and between the second wall and the £frame.

15. A hopper for controlling the flow of
particulate material, said hopper comprising:

a housing having a first wall and a second wall, the
second wall supported for movement relative to the first
wall, said housing defining an open interior between the
first and second walls, an inlet through which
particulate material flows into the housing interior and
an outlet through which particulate material flows out of
the housing interior;

means, operatively coupled to said second wail, for
moving said second wall relative to said first wall;

a frame for supporting the first and second housing
walls; and

moveable coupling means for coupling the second wall
to the frame in a manner which allows relative movement

between the second wall and the frame;
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open intgior between the first and second walls, an inlet through which .
. particulfte material_flows into t| the hou5|ng interior and an out]let_ t rsokg
whi ch particul ate naterlal fl ows i nt- *-t

“ operatiyvely coupl eHwH' I"‘ nﬂﬁml,wal I for ﬁ@#ﬁ}g sali § kieﬁcag &Jﬂ, g
relative to said f wherein sai d- housi ng further i ocl g

third and fourth walls, sai "o first and %7e0§1$§§g®@§7'ﬁ}é‘f r’EOC.

second surfaces, respectlvely, whi ch face € across the hOUSIng T i
interior and said t MAeFednd SBd¢r meveable coupling means comprises outes

wal I's define third and fourth surfaces, respectively, which face each
ot her across thaiddusiery duliedy iadiranged inaaf ralesteriagppanhengwitie thest,

second, third and fourth housi ng wal | s; and noveabl e coupling neans
for coupling the,fds st 1RGN YAk }a ol QnbNEEEAN2,bE anRANSHr i Ch
allows relative anenent etmeen t he rst wall and the frame an et ween
the second wall and the frane 17. A hopper as recited in claim 16,
wher ein said Iﬂﬁéhﬂﬂf??%dﬁ+ YHeSns conprises a spring.

is. A hopper for controlling the flow of

particulate material, said hopper ccmprising:

a housing having a first wall and a second wall, the
second wall supported for movement relative to the first
wall, said first and second walls being supported such
that, at any given moment, at least one location on the
first wall is in a common horizontal plane with at least
one location on the second wall, said housing def%ning an
open interior between the first and second walls, an
inlet through which particulate material flows into the
housing interior and an outlet through which particulate
'materL?l flows out of the housing interior;

means, operatively coupled to said second wall, for
moving said second wall relative to said first wall;

wherein said housing further includes third and
fourth walls, said first and second walls define first
and second surfaces, respectively, which face each other

across the housing interior and said third and fourth
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Al wherein said noveabl e coupling nmeans
d | nged in a telescoping manner with the
M‘Klm,i@ r tube and a spring within J;e' ou}er
ing the fp%@rf‘ part dpl/aﬂa Rt
srng a hopper housi ng it Yoy 6F ~ V034 |25,
PIig interior, each wall arzgng é%ﬂ @ne-.ags
mwval | s and separated therefrom by a seam sald pIurallty of
I ng walleadefiime tHixd aml [Zcumposiedates, neespeotivelgti ve to
29 wall; and a notor
ely couplgdohosibe &dcH eJnyEJAégaP4@ahbugongngutag gai.d at | east
Tve wall relative to the a j"acent wal A hopper as recited

claim19, further cp risin a seal nad Iexrble mat.er i_al glsp sed
‘g%l%l ‘t?ﬁ Fng-

dj acent each seam fof ¢RI gateeh’éllélsl al SSFPB eft'sf

seam 21. A hopper as recrted in claim19, further
fourth hcusing walls; and

moveable coupling means for coupliag the first and
second walls to the frame in a manner which allcws
relative movement between the first wall and the frame
and between the second wall and the frame.

17. A hopper as recited in claim 16, wherein said
moveable coupling means comprises a spring.

18. A hopper as recited in claim 16, wherein said
moveable coupling means comprises ocuter and inner tubes
arranged in a telescoping manner with the inner tube
slideable within the outer tube and a spring within the
outer tube.

.}9. A hopper for controlling the flow or
particulate material, said hopper comprising:

a hopper housing having a plurality of walls
defining a housing interior, each wall arranged adjacen®
at least one other cf said walls and separated therefr .-~
by a seam, said plurality of walls including at least

live wall supported for movement relative to the adjac=n’
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5% scal adjacent each seamfor inhibiting particulate material
g the seam-the sealt—having a | ayer of durable material ... 3

. ;-ar"rarig? 8| acent mng W |l ayer of flexi-ble material_arcang 4 st
bet we he hOppH |||“jmmm durabl e materi eppm% 22;592%% W

recit claim?21, whéereMn 8aitl durable materia ri se

. o] %55
wei ght  pol yet hyl ene. 23. 28 hoppger oFFHn -
B cul ate material, said hopper conprising:’ Rfa(a,dgq}gpp‘e? 25@1’?@95

pluraliwglef dafls defining a housing interior, each wall

Pd adj acent at least one other of said walls and separated therefrom
a seam said phumaktbkyopbr¥Btiel{nctusiad &b t@asic ON&isd ioHe WAiJe
ted for novenent of the entire live wall relative to the adjacent

In at least the verticagl _direction,_and : 8 erativel

ed to the at talI"g"a§t8 thégl‘flgesa | *C 0P TV PRY %a‘l"%n%ﬁrr ergésitatoﬂ'ee Ie"i%e

relative to the adjacent wall;
the adiacent wall.

conr pi Si

20. A hopper as recited in claim 19, further
comprising a seal made of flexible material disposed
adjacent each seam for inhibiting particulate material
from entering the seam.

21. A hopper as recited in claim 19, further
comrpising a seal adjacent each seam for inhibiting
particulate material from entering the seam, the seal
having a layer of durable material arranged adjacent each
seam and a layer of flexible material arranged between
the hopper walls and the durable material.

22. A hopper as recited in claim 21, wherein said
durane material comprises an ultra-high molecular weight
poiyethylene.

23. A hopper for controlling the flow of
particulate materi;l, said hopper comprising:

a hopper housing having a plurality of walls
defining a housing interior, each wall arranged adjacent

at least one other of said walls and separated therefrom
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. housing further conprising a bottom support pI ate
pout-let—and-wherermnm said at |east one |ive wall . -

v;’to rt plate for aneneﬁt \] t he
F pla ﬂﬁgllllﬂﬁlllﬂm\!llﬂlﬁpper mﬁ i ey 396#%
Fayer ur abl emmat eri al provi

e of each of the plurality 30f dkﬁoi%gS\A%zg;gT Q%95
=t he flow of particulate naterlal sald hopper conpri sing:

Ousi Ny leaserm,a splidr plutplatywakl walllsf- incbgdandoarsi hepstntene or
‘ﬁarranged adj acent at |east one other of said walls and separated

by & ;SRAMa19aIshgilotald % rOhobehbat! BE! !:'Qé nQn@iré eﬁﬂ'e

g?AmaII supported for “novenment or the entire live wal re atlve to
facent wall, in at least the vertical. direc
F ively coupt FAF YT (15 A ASAECs ﬁewﬁh\]/emwﬁl:l 5‘?6?’: nove n§e§%+ﬂaat | east
Hive wall relative to the adjacent wall; and

direction; and

a motor operatively coupled to the at least one live
wall for moving said at least one live wall relative to
the adjacent wall;

wherein said hopper housing further comprising a
bottom support plate defining a hopper outlet and wherein
said at least one live wall is moveably coupled to the
bottom support plate for movement relative to the bottom
support plate..

24. A hopper as recited in claim 19, further
comprising a layer of durable material provided on the
housing interior facing surface of each of the plurality
of walls.

25. A hopper for controlling the flow of
particulate material, said hopper comprising:

a hopper housing having a plurality of walls
defining a housing interior, each wall arranged adjacent
at least one other of said walls and separated therefrom

by a seam, said plurality of walls including at least cne
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P naterial provided on each of the plurality of walls;
bte material ¢ ises an ‘ultra- high nol ecul ar wei ght
3 ““MJ\M“BE%\W recited in claim19, wherein said at
val ssakd plurality, ai- Ils, Such that_eaclt of
Pusi ng*wat | < is supported for ng Taﬂﬁg rel agllate/ﬂ) eddp gne
Fof said hopper housing wal{is. my m 27 ﬁﬁaggﬂﬂﬁr ille) QU
Fthe flow of particulate nmater Bé'l Reﬁ%dp e @ Prisi in@995
Fnavingrea Walls tsupdldreand 8 rsaeoadedB! br tHE o5€£PH0 Y@ | wsupported
Fent in a generally elliptical path relative to the first wall,
gst  and,ssgeond ll.s .ng_suppgotrted such,that, at any_ given

' at Ied§F§§%é 5%§Fﬁghg§ﬂagﬁggfﬁ?§i ﬁﬁlfti%e?ﬁtatge vertzca.
Formon horj zontal plane with at | east one |ocation on the second wall,
® housi ng d%ﬁ?%ﬁ?ﬁ?%in open interior between the first and second walls,
k¥ nl et through which particulate material flows into the housing

a motor cperatively coupled to the at least cne live

wall for mecving said at least one live wall relative to
the adjacent wall; and

a layer of durable material provided on each of the
plurality of walls;

wherein said durable material comprises an ultra-
high molecular weight polyethylene.

26. A hopper as recited in claim 19, wherein said
at least one live walis comprises said plurality of
walls, such that each of said hopper housing walls is
supported for movement relative to each one of the rest
of said hopper housing walls.

272 A hopper for controlling the flow of
particulate material, said hopper comprising:

a housing having a first wall and a second wall, the
second wall supported for movement in a generally
elliptical path relative to the first wall, said first
and second walls being supported such that, at any given

moment, at least one location on the first wall is in a
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'et through which particulate material flows out of_the
neans, operatively eoupl ed to sal d segegiv?l |,

AT e
" 33“%;;;;;0:5“'@2.:35%"51@#%%% 734885

llger includes third and arougth walls, wherein said flrst and
F's detomeon | herizenk sbapkrhe stithacds leastpene Loloptinhi OR taee
'across the housing interior and said third and fourth walls

rd agécodHndrtdl 5Hr$&Le shouLiaRe ddieling Wi dpemaaateadhr ot her

¥t he housing interior. 30. A hoper as recited in claim 27,
sai d ng Vv S S l, co s o

31. A rrgtgﬁ %Ho 1Iir(fgs)o%’[{lrggoT ﬁélrg%] %ﬁ : H\c%af/ilo p;% i %gteh%%?%ri al

N zugh a hopper, .said_method conprising th st eps of provi ding a
BF<i ng havi ng ghfgpsyaﬁb}yuk%;%ég%ﬁﬁrLa* f-ows into the housing

interior and an outlet throcugh which particulate material
flows out of the housing interior; and

means, operatively coupled to said second wall, for
moving said second wall relative to said first wall in a
generally elliptical path.

28. A hopper as recited in claim 27, further
comprsiing means, operatively copuled to said first wall,
for moving said first wall.

29. A hopper as recited in claim 27, wherein said
housing further includes third and arougth walls, wherein
said first and second walls define first and second
surfaggs, respectively, which face each other across the
hoﬁsing interior and said third and fourth walls define
third and fourth surfaces, respectively, which face each
other across the housing interior.

30. A hoper as recited in claim 27, wherien said
means for moving said second wall comrpises a rotéry

vibrator.
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M interior between the first and second wall;
¥ second wallfor—movenment relative to the first wall ;uch

_![vlen mum Ilum"umlul ;)ne I gcation on the fi.rst._wald 4.|s in a
pnt a st one n on ;
‘,'9 al thrdugh the % niSet *into th_ym.’Sg ' gh&fﬁz:sw of
i nterior through an outI ' MJng_lhe second
al ly elliptical path rel ative m desLP wal | . "?Jus ,;-J 5

31. A method of controlling the flow of particulate

pT3

material through a hopper, said methcd comprising the
steps of:
providing a housing having a first wall, a second
wall and an open interior between the first and second
wall;
supporping the second wall for movement relative to
the first wall such that, at any given moment, at least
one location on the first wall is in a common horizontal
plane with at least one location on the second wall;
passing material through the inlet into the housing
interior and out of the housing interior through an
outlet; and
moving the second wall in a generally elliptical

path relative to the first wall.
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