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VIBRATORY APPARATUS WITH DYNAMIC BALANCER
AND BALANCING METHOD

Background

[0001] This patent 1s directed to a dynamic balancer for a vibratory apparatus and a
method for balancing a vibratory apparatus, and, in particular, to a dynamic balancer for a

vibratory screening apparatus and a balancing method for the same.

[0002] For many years, mining operations have used brute force vibratory screening
units to separate the materials generated by upstream crushing and/or grinding operations
so that these materials may be further processed downstream to extract metal from ore. A
brute force, or direct drive, screening unit 1s one 1n which the exciter 1s secured or bolted
to the trough (or driven mass). Such units housed 1 large processing buildings or plants
have been used to process, for example, 1000 tons/hour of rock to separate out the
desired amount of metal.

[0003] Coincident with the recent mtroduction and commercialization of large
capacity grinding mills, lower quality ore bodies are being processed. This results in
considerably more material being processed to obtain the same amount of metal from
higher quality ore bodies. As a consequence, these direct drive units have had to handle
significantly more material, with processing rates doubling or tripling as a result.

[0004] To handle the increased processing demands, the industry has seen a shift to
larger and larger units. Where a direct drive unit screening unit with a 2 meter width may
have been used 1n the past, a direct drive unit with a 4 meter width 1s used now to
accommodate the increased loading. Increases in size have associated and related
increases 1n the power requirement for the screening unit.

[0005] Unfortunately, direct drive units dampen under load. That 1s, as the loading
increases, the stroke of the unit decreases. As a further consequence, more of the energy
of the screening unit 18 directed through the drive bracket into the side panels This can
lead to premature failure of the apparatus and loss of available processing time and

resultant revenues while increasing the required maintenance time and costs.
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Summary

[0006] According to one aspect of the present disclosure, a vibratory apparatus
includes a trough having one or more decks, with an inlet end and an outlet end, a first
plurality of i1solation springs disposed between the trough and ground, and a two-mass, sub-
resonant frequency exciter supported on the trough. The trough and the exciter move 180-
degrees out of phase with each other. The apparatus also includes a dynamic balancer

including a plurality of isolation springs disposed between the exciter and ground.

[0007] According to another aspect of the present disclosure, a method of operating a
vibratory apparatus includes operating a two-mass, sub-resonant frequency exciter coupled to
a trough, the trough supported on a first plurality of isolation springs disposed between the
trough and ground, the two-mass, sub-resonant frequency exciter moving 180-degrees out of
phase with the trough. The method also includes coupling the exciter to ground through a
dynamic balancer comprising a plurality of 1solation springs disposed between the exciter

and ground.

[0007A] According to an aspect of the present disclosure, a vibratory apparatus, includes
a trough having one or more decks, with an inlet end and an outlet end; a first plurality of
isolation springs disposed between the trough and ground, each of the first plurality of
1solations springs attached at a first end to the trough and at a second end to the ground; a
two-mass, sub-resonant frequency exciter supported on the trough, the trough and the exciter
moving 180-degrees out of phase with each other; and a dynamic balancer including a
plurality of 1solation springs disposed between the exciter and ground, the plurality of
1solation springs of the dynamic balancer being different from the first plurality of isolation
springs and each of the plurality of 1solation springs attached at a first end to the exciter and

at a second end to the ground.

[0007B] According to a further aspect of the present disclosure, a vibratory apparatus,
includes a trough having one or more decks, with an inlet end, an outlet end, and a
longitudinal axis that extends from the inlet end to the outlet end, and first and second sides
parallel to the longitudinal axis; a first plurality of isolation springs disposed between the
trough and ground; a two-mass, sub-resonant frequency exciter supported on the trough, the
trough and the exciter moving 180-degrees out of phase with each other, the exciter being
supported on the first and second sides of the trough, and the exciter having first and second

sides parallel to the longitudinal axis; a dynamic balancer comprising a plurality of isolation

2D
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springs disposed between the exciter and ground, the plurality of isolation springs of the
dynamic balancer disposed outwardly of the first and second sides of the trough relative to

the longitudinal axis and outwardly of the first and second sides of the exciter relative to the

longitudinal axis in a transverse direction; and a frame disposed on the ground outwardly of
the first and second sides of the exciter relative to the longitudinal axis in a transverse
direction, the exciter having mounting brackets disposed on the first and second sides, and
the plurality of springs disposed between the frame and the mounting brackets to couple the

exciter to the frame.

[0007C] According to another aspect of the present disclosure, a method of operating a
vibratory apparatus, including operating a two-mass, sub-resonant frequency exciter coupled
to a trough, the trough supported on a first plurality of isolation springs disposed between the
trough and ground, each of the first plurality of isolations springs attached at a first end to the
trough and at a second end to the ground, the two-mass, sub-resonant frequency exciter
moving 180-degrees out of phase with the trough; and coupling the exciter to ground through
a dynamic balancer comprising a plurality of isolation springs disposed between the exciter
and ground, the plurality of isolation springs of the dynamic balancer being different from the
first plurality of isolation springs and each of the plurality of isolation springs attached at a

first end to the exciter and at a second end to the ground.

Briet Description of the Drawings

[0008] It 1s believed that the disclosure will be more fully understood from the

following description taken in conjunction with the accompanying drawings. Some of the
figures may have been simplified by the omission of selected elements for the purpose of
more clearly showing other elements. Such omissions of elements in some figures are not

necessarily indicative of the presence or absence of particular elements in any of the

exemplary embodiments, except as may be explicitly delineated in the corresponding written

description. None of the drawings is necessarily to scale.

[0009] Fig. 1 1s a perspective view of a vibratory apparatus, such as a vibratory

screening apparatus, with an attached dynamic balancer;

[0010] Fig. 2 is a left side view of the vibratory apparatus with dynamic balancer of
Fig. 1;

[0011] Fig. 3 1s a right side view of the vibratory apparatus with dynamic balancer of
Fig. 1; and

- 23 -
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[0012] Fig. 4 1s an enlarged, perspective view of a portion of the exciter of the

apparatus of Figs. 1-3.

Detailed Description of Various Embodiments

[0013] Figs. 1-3 illustrate a dynamic balancer 100 according to the present
disclosure coupled to a vibratory apparatus 102, in the form of a vibratory screening
apparatus, screener, or screen. The embodiment of the dynamic balancer 100 according
to the present disclosure 1s not limited for use only with vibratory screeners or screens,
but has been illustrated in combination with such a device for the purpose of better
illustrating a system incorporating the dynamic balancer.

[0014] As 1llustrated, the vibratory screen 102 1s a two-mass, sub-resonant frequency
design. The screen 102 includes one or more decks 104, 106 supported by resilient
members (e.g., coll springs, also referred to as 1solation springs) 110 on a frame 112.
While two decks 104, 106 are 1llustrated, the screen 102 might also have only one deck or
more than two decks. The frame 112 1s disposed on a foundation, which may be the
ground story of a building or which may be an upper story of such a structure; 1n fact,
vibratory screening units are typically mounted at the uppermost levels of the buildings 1n
a mining processing plant, which elevations can exacerbate 1ssues with the vibrations
generated by such screens. An exciter 114 1s coupled to the decks 104, 106 through an
assembly of links 116 and resilient members (e.g., coil springs) 118.

[0015] The exciter 114, or first mass, 1s used to drive the decks 104, 106, or second
mass, and thus the screen 102 may be referred to as a two-mass unit. One advantage of
using a two-mass configuration 1s that the two-mass configuration responds positively to
loading. That 1s, as the loading increases, the screen 102 will actually provide an increase
in stroke, rather than a reduction 1n stroke (or dampening). As such, a two-mass screen
of lower power requirements may be used 1 place of a direct-drive or brute force unit to
process a similar loading, or a two-mass screen of similar power requirements may be
used to process a much larger load.

[0016] The use of the two-mass configuration also provides another advantage, in

that the operation of the unit itself may be used to significantly reduce the energy
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transmitted from the screen 102 to the surrounding environment, such as the building 1n
which the screen 102 1s disposed or mounted.

[0017] As suggested above, the resilient members or 1solation springs 110 act to
1solate the screen 102 from the foundation. That 1s, the resilient members 110 act to
minimize the transmission of the dynamic forces generated during operation of the screen
102 to the frame 112 and the underlying foundation.

[0018] However, considering the potential disadvantages that may result from
energy transmitted to the building as a consequence of operation of the vibratory screen
102, a dynamic balancer 100 according to the present disclosure may be used to further
minimize the dynamic forces applied to the frame 112 and the building 1n which the
screen 102 18 disposed or mounted. In particular, 1t has been observed that in a vibratory
apparatus as 1llustrated (1.¢., a two-mass, sub-resonant frequency design), the decks 104,
106 and supporting structure (which may be referred to collectively as a trough) and the
exciter 114 move 180 degrees out of phase with each other. As a consequence, by
coupling the exciter 114 to ground through 1ts own sct of resilient members/isolation
springs 120, the motion of the exciter 114 may be used to balance the loads applied to the
frame 112 and the underlying foundation through the 1solation springs 110. In this
fashion, the dynamic loading of the frame 112 and the underlying foundation may be
reduced so that a much larger screen 102 may be used than where no balancer 100 such
as described herein 1s coupled to the screen 102.

[0019] This may have another consequence, 1n that the screen 102 may be operated
at frequencies much closer to the natural frequency of the building in which the screen
102 1s disposed or mounted. Conventionally, a screen will be operated at a frequency
that is, for example, greater than V2 relative to the natural frequency of the building in
which the screen 1s disposed or mounted. Through the use of the balancer 100 1n
combination with the two-mass, sub-resonant apparatus 102, the screen 102 may be
operated at frequencies less than V2 of the natural frequency of the building.

[0020] Having thus described the balancer 100 and the apparatus 102 1n general
terms, the details of the apparatus 102 and the balancer 100 are provided below, returning

first to Fig. 1.
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[0021] The apparatus 102, as 1llustrated, 1s symmetrical about a longitudinal axis 150
that extends from an 1nlet end 152 to an outlet end 154. As a consequence, the side view
illustrated 1in Fig. 2 1s a mirror image of the side view illustrated in Fig. 3. For purposes
of convenience only, the side view of Fig. 2 may be referred to as the left side view, and
the side view of Fig. 3 may be referred to as the right side view.

[0022] The apparatus 102 has a trough 160 that includes the one or more decks 104,
106 and side walls 162, 164, the side walls 162, 164 parallel to the longitudinal axis 150
(within certain tolerances). The deck 104 (which may be referred to as an upper deck)
may be joined at a first edge 166 to the side wall 162, and at a second edge 168 to the
side wall 164. Similarly, the deck 106 (which may be referred to as a lower deck) may be
joined at a first edge 170 to the side wall 162, and at a second edge 172 to the side wall
164. In particular, the edges 166, 170 may be attached to an inner surface of the side wall
162, while the edges 168, 172 may be attached to an inner surface of the side wall 164.
[0023] According to this embodiment, there may also be an intermediate wall 174
that divides the decks 104, 106 1nto first and second regions 176, 178 that extend between
the 1nlet and outlet ends 152, 154. In fact, the decks 104, 106 may be divided into first
and second subdecks, the first subdeck defining the first region 176 and the second
subdeck defining the second region 178, and the first and second subdecks being attached
at a first edge to either the side wall 162 or the side wall 164 and at a second edge to the
intermediate wall 174. The first and second regions 176, 178 may be referred to as the
left and right hand regions, as observed from the outlet end 154.

[0024] As 1llustrated, the deck 104 1s disposed above the deck 106, and may have at
Icast a first region that has a plurality of apertures or holes formed therethrough or that 1s
defined by a mesh or other material having openings therethrough. This region of the
deck 104 may also be referred to as foraminous, and the deck 104 may be referred to as a
foraminous deck. Material that 1s larger than the apertures may pass along the deck 104
from the inlet end 152 to the outlet end 154, while material that 1s smaller than the
apertures may fall through the deck 104 and be deposited on the deck 106. The material
passing through the deck 104 may then pass along the deck 106 to the outlet end 154,
although 1t 1s also possible for the deck 106 to have apertures or holes formed

therecthrough, or to be defined by a mesh or other material having openings therethrough.
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Where the deck 106 1s the lowermost deck of the trough 160, the deck 106 may also be
referred to as the floor of the trough 160.

[0025] The deck 104 may also have a second, 1nitial region 190 that 1s does not have
any apertures, holes, etc. This initial region 190 may be used to initially receive the
material that will be passed over the decks 104, 106. The nitial region 190 may be
inclined relative to the remainder of the deck 104 so as to encourage the material
disposed on the region 190 to move from the region 190 to the remainder of the deck 104.
[0026] The decks 104, 106 may have a liner disposed on a transporting surface
thercof. The liner may include multiple plates, and may define, at least in part, the
openings or apertures that pass through the deck 104, for example. In one exemplary
embodiment, the liner may be used to increase the resistance of the decks 104, 106 to
wear.

[0027] The trough 160 may also include one or more crossbeams or pairs of
crossbeams that are attached to and depend between the side wall 162, 164. In an
embodiment of the apparatus 102 such as 1s 1llustrated 1n Figs. 2 and 3, wherein the
trough 160 includes an intermediate wall 174, the crossbeams may be attached to the
intermediate wall 174 as well. As 1llustrated, there are two pairs of crossbeams 192, 194
adjacent the inlet end 152, and a further pair 196 at the outlet end 154. The crossbeams
192, 194, 196 are spaced from the surface of the deck 104 so as to permit material to
freely move along the surface of the deck 104.

[0028] The trough 160 may further include one or more mounting brackets 200, 202,
204, 206. The mounting brackets 200, 204 may be joined or attached to an outer surface
of the side wall 162 (Fig. 2), while the mounting brackets 202, 206 are joined or attached
to an outer surface of the side wall 164 (Fig. 3). The 1solation springs 110 are attached at
a first end 208 to one of the mounting brackets 200, 202, 204, 206 and at a second end
210 to the frame 112 (see, ¢.g., Fig. 2, bracket 204 or Fig. 3, bracket 206).

[0029] As mentioned above, the apparatus 100 also includes the exciter 114. The
exciter 114 1s coupled to the trough 160 (and the decks 104, 106) via the links 116 and
reactor springs 118. In particular, the exciter 114 1s supported on the first and second
side walls or sides 162, 164 of the trough 160. The details of the exciter 114 are now

discussed with reference first to Fig. 1.
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[0030] The exciter 114 includes a frame with first and second side walls 220, 222
parallel to the longitudinal axis 150. The exciter 114 also includes three crossbeams 224,
226, 228 that are connected at opposite ends to an mner surface of the side walls 220,
222. The exciter 114 further includes two motor mounts 230, 232 that are attached to the
crossbeams 224, 226, 228. As 1llustrated, the motor mount 230 1s attached to and
depends between the crossbeams 224, 226, and the motor mount 232 1s attached to and
depends between the crossbeams 226, 228. The motor mounts 230, 232 are attached to
and depend between the crossbeams 224, 226, 228 at the midpoints of the crossbeams
224, 226, 228 (1.¢., along the longitudinal axis 150 of the apparatus 102).

[0031] The details of the motor mounts 230, 232 are now explained with reference to
the motor mount 232 and Fig. 4, although a similar explanation would be applicable to
the motor mount 230. The motor mount 232 includes first and second mounting plates
240, 242, each of which includes an opening 244, 246 for a motor assembly 248. The
motor assembly 248 includes a motor 250 with a shaft disposed along an axis 252. The
ax1s 252 of the motor 250 mtersects the axis 150 of the apparatus 102 at an angle as
viewed from above; as 1llustrated, the axes 150, 252 intersect at a right angle (1.¢., the
axes are orthogonal; the axis 252 may also be described as transverse to the longitudinal
ax1s 150). A pair of eccentric weights is attached at either end of the motor shaft, and
rotates about the axis 252.

[0032] As mentioned previously, the exciter 114 (or more particularly, the side walls
220, 222 or crossbeams 224, 226, 228 of the exciter 114) are attached to the decks 104,
106 (or more particularly, the side walls 162, 164 of the trough 160) via the links 116 and
reactor springs 118. This 18 best seen 1n Figs. 2 and 3. In particular, the links 116 and
springs 118 are grouped into pairs, with each pair of links 116 and springs 118 1nclined at
opposing angles to the horizontal (for example, the links 116 may form an obtuse angle
with the horizontal, while the paired springs 118 may form an acute angle with the
horizontal). The links 116 may be attached at a first end 260 to the exciter 114 and a
second end 262 to the trough 160, while the springs 118 may be attached at a first end
266 to the exciter 114 and a second end 264 to the trough 160. As such, the first side 162
1s coupled to the first side 220 and the second side 164 1s coupled to the second side 222
through the links 116 and springs 118.
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[0033] Also attached to an outer surface of the side walls 220, 222 of the exciter 114
arc mounting brackets 270, 272 (see Figs. 2 and 3). Aligned with but spaced from cach
of the mounting brackets 270, 272 1s a support bracket 274, 2776 that 1s attached to the
frame 112, and which brackets 274, 276 may be considered to be part of the frame 112.
The 1solation springs 120 are attached at a first end 278 to one of the brackets 270, 272,
and at a second end 280 to on¢ of the brackets 274, 276. The support brackets 274, 276
are sized to permit a relatively compact-sized spring 120 to be used, although 1t will be
recognized that the exact dimensions of the support bracket 274, 276 may vary according
to the requirements of the particular installation.

[0034] As will be recognized, the 1solation springs 120 of the dynamic balancer 100
arc disposed outwardly of the first and second side walls or sides 162, 164 of the trough
160 relative to the longitudinal axis 150 1n a transverse direction (1.¢., a direction
orthogonal or at right angles to the longitudinal axis 150). In fact, the 1solation springs
120 are also disposed outwardly of the first and second side walls or sides 220, 222 of the
exciter 114 relative to the longitudinal axis 150 1n a transverse direction. Thus, the
mounting brackets 270, 272 and the support brackets 274, 276 are also disposed
outwardly 1n a transverse direction as well.

[0035] While the balancer 100 1s described in conjunction with the apparatus 102, 1t
will be recognized that the balancer 100 need not be installed at the same time as the
apparatus 102. That 1s, the balancer 100 may be attached to an apparatus 102 that has
already been installed in a building, for example, where there it 1s desired to provide
further 1solation of the building from the apparatus 102. Consequently, the springs 120,
the mounting brackets 270, 272, and the support brackets 274, 276 may be provided 1n
the form of a kit for retrofitting an existing screen or apparatus 102. Accordingly, a
method of retrofitting the apparatus 102 may include attaching the mounting brackets
2770, 2772 to the apparatus 102 (and 1n particular the side walls 220, 222 of the exciter
114), disposing the support brackets 274, 276 on ground (for example, by attaching the
brackets 274, 276 to the frame 112), and disposing the springs 120 between the mounting
brackets 270, 272 and the support brackets 274, 276.

[0036] A method of operating the vibratory apparatus 102 may also be described. In

particular, the method includes operating a two-mass, sub-resonant frequency exciter 114

_8
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coupled to a trough 160, the trough 160 supported on a first plurality of 1solation springs
110 disposed between the trough 160 and ground. As noted previously, the two-mass,
sub-resonant frequency exciter 114 moves 180-degrees out of phase with the trough 160.
The method also includes coupling the exciter 114 to ground through a dynamic balancer
100 comprising a plurality of 1solation springs 120 disposed between the exciter 114 and
oround. As a consequence, the forces applied to the ground by the apparatus 102 are
balanced, and their effect on supporting or surrounding structures 1s minimized.

[0037] It will be recognized that operation of the two-mass, sub-resonant frequency
exciter 114 may include operating at least one motor 250 mounted on the exciterl 14, the
motor 250 having a motor axis 252 transverse to a longitudinal axis 150 of the trough
160, which axis 150 extends between an inlet end 152 and an outlet end 154 of the trough
160, the motor 250 coupled to the trough 160 through at least one reactor spring 118.
Alternatively or 1n addition, the motor 250 may be coupled to the trough 160 through at
Icast one reactor spring 118 and at Ieast one link 116. Further, the exciter 114 may be
operated at a frequency that is less than V2 of a natural frequency of a building in which
the apparatus 102 1s disposed or mounted.

[0038] The method may also include depositing a material (such as rock or ore) on
an upper foraminous deck 104 of the trough 160 at an inlet end 152 of the trough 160.
According to such an embodiment, the method may also include separating the material
into a first class that passes over the deck 104 between the mlet end 152 and an outlet end
154, and a second class that passes through the deck 104 with the exciter 114 operating.
[0039] Although the preceding text sets forth a detailed description of different
embodiments of the invention, i1t should be understood that the legal scope of the
invention 1s defined by the words of the claims set forth at the end of this patent. The
detailed description 1s to be construed as exemplary only and does not describe every
possible embodiment of the invention since describing every possible embodiment would
be impractical, 1f not impossible. Numerous alternative embodiments could be
implemented, using either current technology or technology developed after the filing
date of this patent, which would still fall within the scope of the claims defining the

1nvention.
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[0040] It should also be understood that, uniess a term 1s expressly defined in this

patent using the sentence “As used herein, the term * " 18 hereby defined to

mean...” or a similar sentence, there is no intent to limit the meaning of that term, either
expressly or by implication, beyond its plain or ordinary meaning, and such term should
not be interpreted to be limited in scope based on any statement made in any section of
this patent (other than the language of the claims). To the extent that any term recited in
the claims at the end of this patent is referred to in this patent in a manner consistent with
a single meaning, that is done for sake of clarity only so as to not confuse the reader, and

it 18 not intended that such claim term be limited, by implication or otherwise, to that

single meaning.
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What is claimed 1is:
1. A vibratory apparatus, comprising:
a trough having one or more decks, with an inlet end and an outlet end;

a first plurality of isolation springs disposed between the trough and ground, each of
the first plurality of isolations springs attached at a first end to the trough and at a second end

to the ground;

a two-mass, sub-resonant frequency exciter supported on the trough, the trough and

the exciter moving 180-degrees out of phase with each other; and

a dynamic balancer comprising a plurality of isolation springs disposed between the
exciter and ground, the plurality of isolation springs of the dynamic balancer being different
from the first plurality of isolation springs and each of the plurality of isolation springs

attached at a first end to the exciter and at a second end to the ground.

2. The vibratory apparatus according to claim 1, wherein the trough has a
longitudinal axis that extends from the inlet end to the outlet end, and the trough has first and
second sides parallel to the longitudinal axis, the plurality of isolation springs of the dynamic
balancer disposed outwardly of the first and second sides of the trough relative to the

longitudinal axis.

3. The wibratory apparatus according to claim 2, wherein the exciter 18
supported on the first and second sides of the trough, and the exciter has first and second
sides parallel to the longitudinal axis, the plurality of isolation springs of the dynamic
balancer disposed outwardly of the first and second sides of the exciter relative to the

longitudinal axis in a transverse direction.
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4, A vibratory apparatus, comprising:

a trough having one or more decks, with an inlet end, an outlet end, and a
longitudinal axis that extends from the inlet end to the outlet end, and first and second sides

parallel to the longitudinal axis;

a first plurality of i1solation springs disposed between the trough and ground;

a two-mass, sub-resonant frequency exciter supported on the trough, the trough and

the exciter moving 180-degrees out of phase with each other,

the exciter being supported on the first and second sides of the trough, and the

exciter having first and second sides parallel to the longitudinal axis;

a dynamic balancer comprising a plurality of isolation springs disposed between the

exciter and ground,

the plurality of isolation springs of the dynamic balancer disposed outwardly of the
first and second sides of the trough relative to the longitudinal axis and outwardly of the first

and second sides of the exciter relative to the longitudinal axis in a transverse direction; and

a frame disposed on the ground outwardly of the first and second sides of the exciter
relative to the longitudinal axis in a transverse direction, the exciter having mounting
brackets disposed on the first and second sides, and the plurality of springs disposed between

the frame and the mounting brackets to couple the exciter to the frame.

5. The vibratory apparatus according to claim 4, wherein the first side of the

exciter 1s coupled to the first side of the trough through a plurality of links and reactor
springs, and the second side of the exciter is coupled to the second side of the trough through

a plurality of links and reactor springs.

6. The vibratory apparatus according to claim 3, wherein the exciter has at least
one motor mounted thereon with a motor axis disposed transverse to the longitudinal axis of

the trough.

_12-
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7. The vibratory apparatus according to any one of claims [-6, wherein an

upper one of the one or more decks is a foraminous deck.

8. A method of operating a vibratory apparatus, comprising:

operating a two-mass, sub-resonant frequency exciter coupled to a trough, the trough
supported on a first plurality of isolation springs disposed between the trough and ground,

each of the first plurality of isolations springs attached at a first end to the trough and at a

second end to the ground,

the two-mass, sub-resonant frequency exciter moving 180-degrees out of phase with

the trough; and

coupling the exciter to ground through a dynamic balancer comprising a plurality of
1solation springs disposed between the exciter and ground, the plurality of isolation springs of
the dynamic balancer being different from the first plurality of isolation springs and each of

the plurality of 1solation springs attached at a first end to the exciter and at a second end to

the ground.
9. The method according to claim 8, wherein:

wherein operating the two-mass, sub-resonant frequency exciter comprises operating
at least one motor mounted on the exciter, the motor having a motor axis transverse to a
longitudinal axis of the trough, which axis extends between an inlet end and an outlet end of

the trough, the motor coupled to the trough through at least one reactor spring.

10. The method according to claim &8, wherein:

wherein operating the two-mass, sub-resonant frequency exciter comprises operating
at least one motor mounted on the exciter, the motor having a motor axis transverse to a
longitudinal axis of the trough, which axis extends between an inlet end and an outlet end of

the trough, the motor coupled to the trough through at least one reactor spring and at least

one link.

_ 13 -
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11. The method according to claim 8, further comprising:

depositing a material on an upper foraminous deck of the trough at an inlet end of

the trough; and

separating the material into a first class that passes over the deck between the inlet
end and an outlet end, and a second class that passes through the deck with the exciter

operating.

12. The method according to claim 8, wherein operating the exciter comprises
operating the exciter at a frequency that is less than V2 of a natural frequency of a building in

which the apparatus 1s disposed.

- 14 -
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