wo 20107104616 A1 | I} I} 0O 0O 0 YRR

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

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 D 000 1.0 000 0 00 0 0
ernational Bureau V,& ‘ ) |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
16 September 2010 (16.09.2010) WO 2010/104616 Al
(51) International Patent Classification: 70, Jim, L. [US/US]; 697 Harvest Lane, Verona, WI
BO1D 39/00 (2006.01) 53593 (US). BANNISTER, Robert, A. [US/US]; 2133

(21) International Application Number: Blue Heron Court, Stoughton, WI 53589 (US).

PCT/US2010/021792 (74) Agents: TAKEN, Michael, E. et al.; Andrus, Sceales,
Starke & Sawall, LLP, 100 East Wisconsin Avenue, Suite

(22) International Filing Date: .
22 January 2010 (22.01.2010) 1100, Milwaukee, WI 53202 (US).

(81) Designated States (unless otherwise indicated, for every

(25) Filing Language: English kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
. CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(30) Priority Data: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
12/402,857 12 March 2009 (12.03.2009) us HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(71) Applicant (for all designated States except US): CUM- KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
MINS FILTRATION IP, INC. [US/US]; 1400-73rd Av- ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
enue NE, Minneaplolis, MN 55432 (US). NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(72) Inventors; and TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(75) Inventors/Applicants (for US only): HOLZMANN,
Mark, V. [US/US]; 200 N. Lynn Street, Stoughton, WI (84) Designated States (unless otherwise indicated, for every

53589 (US). VENKATARAMAN, Kaarthik [IN/US]; kind of regional protection available): ARIPO (BW, GH,
2023 Jackson Street, Stoughton, WI 53589 (US). ALON- GM, KE, LS, MW, MZ, NA, 8D, SL, SZ, TZ, UG, ZM,

[Continued on next page]

(54) Title: INERTIALLY ACTIVATED EJECTION VALVE
(57) Abstract: An ¢jector is provided

114 for an induction system in a vibratory
104108 149 I*/ 104 m gen ainy ibration, includ-
100 106 _A\, ) K\ \ [ 110 \ a 106 isggz du%te ejjc;ctorgfo\ll’ alrl ;i?’ i,nduf:t?on
tem of an internal combustion en-
\ = 102 ;}illiee. A?l ejectioelin Valifoe isu;rooviged
146 by an inertial mass inertially activat-
ed and driven by the vibration to dis-
146+ 120 qharge contaminant from the induc-
179 tion system.
By
140 10
- 17
124 — 1 5?)
150 — 126
1429 134
152 -130
138 -




WO 2010/104616 A1 0000 )00 T 00 ERE A AU

ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, Published:
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2010/104616 PCT/US2010/021792

INERTIALLY ACTIVATED EJECTION VALVE

BACKGROUND AND SUMMARY

[0001] The invention relates to effluent or contaminant ejectors,
including for air induction systems, including pre-cleaners and air filters, of internal
combustion engines.

[0002] Effluent or contaminant ejectors, including dust ejectors for air
induction systems of internal combustion engines, are known. The air induction
system may include a pre-cleaner and an air filter. In one typical arrangement, a dust
ejection valve is provided between the pre-cleaner and air filter, for ejecting collected
dust.

[0003] The present invention arose during development efforts in the
above technology, and provides an inertially activated effluent or contaminant ejector.
The invention also arose during development efforts in providing a dust ejector for

the air induction system of an internal combustion engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figs. 1 and 2 are taken from U.S. Patent 5,882,367, incorporated
herein by reference.

[0005] Fig. 1 is a side elevation view of an air filter known in the prior
art.

[0006] Fig. 2 is an end elevation view of the filter of Fig. 1.

[0007] Fig. 3 is a schematic sectional view of an air induction system

including a cyclonic pre-cleaner.
[0008] Fig. 4 is a sectional view of an ejection valve in accordance with

the invention.

[0009] Fig. 5 is a view like Fig. 4 and shows another embodiment.
[0010] Fig. 6 is like Fig. 5 and shows a further operational condition.
[0011] Fig. 7 is like Fig. 4 and shows another embodiment.

[0012] Fig. 8 is like Fig. 4 and shows another embodiment.

-1-
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[0013] Fig. 9 is like Fig. 4 and shows another embodiment.
DETAILED DESCRIPTION
[0014] Figs. 1 and 2 are taken from incorporated U.S. Patent 5,882,367

and show an air induction system 20 for an internal combustion engine 22. The
system includes an air filter assembly 24 including a generally cylindrical plastic
housing 26 having distally opposite ends 28 and 30. The housing is provided by first
and second sections 32 and 34 engaging each other at tongue and groove interface 36
and mounted to each other by clamps 38 and 40. The housing has an air inlet opening
42 admitting air into the housing (e.g. against a deflector plate as shown at 30 in Fig.
4 of the '367 patent) which air is directed into the annular space 44 around the
periphery of cylindrical filter element 46 in the housing. The housing has a drain
outlet 48 closed by dust ejector valve 50, as is known, for example a rubber duckbill
valve. The spiral annular swirl in annular chamber 44 provides a pre-cleaner partially
separating some of the dust from the inlet air stream, which dust is discharged as
shown at arrow 52 through outlet 48 and dust ejection valve 50. The air in annular
space 44 then flows radially inwardly through annular filter element 46 into hollow
interior 54 and then axially rightwardly to outlet elbow tube 56 and then to engine 22
as shown at arrow 58. Dust ejection valve 50 may open in response to a given
pressure differential thereacross, e.g. from the noted air stream, or may be manually
opened, e.g. by squeezing the valve along a vertical direction in the orientation of Fig.
2.

[0015] Fig. 3 shows an air induction system 70 receiving inlet air as
shown at arrows 72 and directing the air through vanes such as 74 rotational about
spindle 76, to provide cyclonic pre-cleaning to separate at least some of the dust from
the air stream. The dust falls to the bottom of sleeve 78 for discharge by dust ejection
valve 80, to be described. The air stream flows as shown at arrow 82 along the
central section of sleeve 78 into elbow outlet tube 84 as shown at arrow 86 for side

outlet discharge as shown at 88 and then flows to air filter 90 and internal combustion
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engine 92.

[0016] The present system provides an inertially activated effluent
ejector, and in the preferred embodiment an inertially activated dust ejector for an air
induction system of an internal combustion engine in a vibratory system generating
vibration. The vibration may be that of the engine itself, or a driven component such
as an eccentric rotary driven weight. The dust ejection valve may be provided at
various places in the air induction system of the internal combustion engine, and is
preferably provided between the pre-cleaner and the air filter, for example as shown
at 50 in Figs. 1, 2, and at 80 in Fig. 3, and in another alternative at outlet 88 in Fig. 3.

[0017] Fig. 4 shows a dust ejection valve 100, which may be provided
as valve 80 in Fig. 3, and valve 50 in Figs. 1, 2. Dust ejection valve 100 includes a
housing 102 having one or more inlet ports 104 receiving dust or other effluent as
shown at arrows 106. A stationary bushing 108 in the housing receives and guides
stud 110 for axial reciprocal movement therein as shown at arrows 112 along a
vertical oscillation axis 114 in the orientation of Fig. 4. Stud 110 has a spool 116
rigidly mounted thereto and reciprocating vertically therewith, to provide an inertial
mass 120 inertially activated and driven by the noted vibration, e.g. of engine 92 to
which sleeve 78 and valve 100 are mounted, or by the vibration of an engine-driven
component such as an eccentric rotary weight or the like.

[0018] Inertial mass 120 is inertially activated and driven by the noted
vibration to discharge dust from the air induction system. In one embodiment, the
inertial mass is a plunger as shown in Fig. 4 inertially driven by the vibration to
vibrate and oscillate to an amplitude 122 along axial oscillation axis 114. Plunger
inertial mass 120 translates and oscillates along an axial travel stroke 124 in a channel
126 extending along oscillation axis 114. Plunger inertial mass 120 has at least one
and preferably two valve faces 128 and 130. Channel 126 has at least one and
preferably two valve seats 132 and 134 engaged by a respective valve face at a
respective one of the ends of the travel stroke. In one embodiment, the plunger

includes plunger body 116 and at least one and preferably two elastomeric seals 136
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and 138 extending laterally therefrom relative to axial oscillation axis 114.
Elastomeric seals 136 and 138 provide the noted valve faces 128 and 130,
respectively. In the‘ preferred embodiment, plunger inertial mass 120 oscillates along
axial travel stroke 124 in channel 126 extending along oscillation axis 114, and the
plunger has first and second axially spaced valve faces 128 and 130, and the channel
has first and second axially spaced valve seats 132 and 134 engaged by the first and
second valve faces 128 and 130, respectively.

[0019] First and second valve faces 128 and 130 alternately engage
their respective valve seat 132 and 134 at distally opposite first and second ends of
the travel stroke, to provide first and second alternately actuated shut-off valves 140
and 142, respectively. When plunger inertial mass 120 is at the noted first end of its
travel stroke, e.g. the lower end of the travel stroke in the orientation of Fig. 4, first
valve face 128 engages first valve seat 132, and first shut-off valve 140 is closed, and
second valve face 130 disengages second valve seat 134, and second shut-off valve
142 is open. When plunger inertial mass 120 is at the noted second end of its travel
stroke, e.g. the upper end in the orientation of Fig. 4, first valve face 128 disengages
first valve seat 132, and first shut-off valve 140 is open, and second valve face 130
engages second valve seat 134, and second shut-off valve 142 is closed.

[0020] Channel 126 has a transfer holding plenum 144 axially between
first and second valve seats 132 and 134. Transfer holding plenum 144 receives dust
from the air induction system, e.g. as shown at dust particles 146, when plunger
inertial mass 120 is at the noted second end of its travel stroke (e.g. upper end) and
first shut-off valve 140 is open. The dust flows through open shut-off valve 140 as
shown at arrow 148 into transfer holding plenum 144 and is held therein as shown at
dust particles 150. When plunger inertial mass 120 translates downwardly to the
noted first end of its travel stroke (e.g. lower end), the transfer holding plenum 144
discharges dust 150 through the now open second shut-off valve 142 as shown at
arrow 152 and as shown at exiting dust particles 154. In one embodiment, plunger

inertial mass 120 is gravitationally biased to the lower end of its travel stroke. In
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another embodiment, Figs. 5, 6, 9, to be described, a spring is provided in transfer
holding plenum 144 biasing the plunger to the noted first end of its travel stroke,
which spring may be a spiral compression spring disposed concentrically around the
plunger and extending axially therealong and axially spanning the transfer holding
plenum. In one embodiment, the inertial mass provided by plunger 120 operates over
a range including at least the following: 11.5 Hz oscillation frequency; 1.5 inch
oscillation amplitude.

[0021] Plunger inertial mass 120 includes upper and lower washers or
grommets 160 and 162, Fig. 4. Lower grommet 162 is trapped between spool body
116 and lower enlarged head 164 of stud 110. Upper grommet 160 has an axially
upwardly facing impactor surface 166. Channel 126 of the housing has an axially
downwardly facing impaction anvil surface 168 at the lower end of bushing 108
axially facing impactor surface 166 and axially separated therefrom by the noted axial
gap 122 providing the noted oscillation amplitude and travel stroke. Impaction anvil
surface 168 is impacted by impactor surface 166 during oscillation of plunger inertial
mass 120 along its axial travel stroke along oscillation axis 114. Impactor surface
166 repeatedly strikes anvil surface 168 to provide a hammer-effect, fostering
vibratory feeder movement of dust through channel 126.

[0022] Channel 126 has a sidewall 170 laterally facing plunger inertial
mass 120 and extending axially between first and second valve seats 132 and 134.
Plunger inertial mass 120 has a sidewall 172 laterally facing sidewall 170 of channel
126 and extending axially between first and second valve faces 128 and 130. At least
one of the sidewalls is recessed away from the other of the sidewalls to define a cavity
at 144 therebetween, which cavity provides the noted transfer holding plenum. For
example in Fig. 4, sidewall 172 is recessed away from sidewall 170. Cavity 144 is in
alternate open communication through the noted first and second shut-off valves 140
and 142, namely to receive dust from the air induction system through an open first
shut-off valve 140 when plunger inertial mass 120 is at the noted second end of its

travel stroke (e.g. upper end), and to discharge dust through an open second shut-off
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valve 142 when plunger inertial mass 120 is at the noted first end of its travel stroke
(e.g. lower end).

[0023] The system provides a method for ejecting dust from an air
induction system of an internal combustion engine in a vibratory system generating
vibration, the method including providing a dust ejection valve 80, 100 including an
inertial mass 120, and inertially activating and driving the inertial mass by vibration to
discharge dust from the air induction system. The method includes providing the
inertial mass as a plunger, and inertially driving the plunger by the vibration to vibrate
and oscillate to an amplitude along an axial oscillation axis 114, and translating and
oscillating the plunger inertial mass 120 along an axial travel stroke in a channel 126
extending along the oscillation axis, and providing the plunger inertial mass with at
least one valve face, and providing the channel with at least one valve seat, and
engaging the valve face and the valve seat at one end of the travel stroke. The
method includes providing the plunger inertial mass 120 with first and second axially
spaced valve faces 128 and 130, providing the channel 126 with first and second
axially spaced valve seats 132 and 134, alternately engaging the first and second
valve faces with their respective valve seat at distally opposite first and second ends
of the travel stroke, e.g. lower and upper ends, respectively, to provide first and
second alternately actuated shut-off valves 140 and 142, respectively, and inertially
actuating and translating the plunger inertial mass 120 to the first end of the travel
stroke (e.g. lower end) to engage the first valve face 128 with the first valve seat 132
and close the first shut-off valve 140, and disengaging the second valve face 130 from
the second valve seat 134 to open the second shut-off valve 142, and inertially
actuating and translating the plunger inertial mass 120 to the second end of its travel
stroke (e.g. upper end) to disengage the first valve face 128 from the first valve seat
132 and open the first shut-off valve 140, and to engage the second valve face 130
with the second valve seat 134 to close the second shut-off valve 142. The method
includes providing the channel 126 with a transfer holding plenum 144 axially

between the first and second valve seats 132 and 134, transferring dust from the air
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induction system through an open first shut-off valve 140 to transfer holding plenum
144 when plunger inertial mass 120 is at the second end of its travel stroke (e.g. upper
end), and discharging dust from the transfer holding plenum 144 through an open
second shut-off valve 142 when the plunger inertial mass 120 is at the first end of its
travel stroke (e.g. lower end). The method includes providing the plunger inertial
mass 120 with an axially facing impactor surface 166, providing the channel with an
impaction anvil surface 168 axially facing the impactor surface 166, and impacting
the anvil surface 168 with the impactor surface 166 during oscillation of the plunger
120 along its axial travel stroke along the oscillation axis 114 and repetitively striking
anvil surface 168 with impactor surface 166 to provide a hammer-effect, fostering
vibratory feeder movement of dust through channel 126.

[0024] Figs. 5 and 6 show a further embodiment including plunger
inertial mass 180 axially reciprocal in channel 182 and biased to one end of its travel
stroke by spiral compression spring 184. Fig. 5 shows plunger inertial mass 180 at
the upper end of its travel stroke receiving dust as shown at arrows 186 into transfer
holding plenum 188. Fig. 6 shows plunger inertial mass 180 at the lower end of its
travel stroke, discharging dust as shown at arrows 190 from transfer holding plenum
188.

[0025] Fig. 7 shows a further embodiment with plunger inertial mass
200 in a neutral position in channel 202. When the plunger inertial mass translates to
the upper end of its travel stroke, elastomeric gasket or seal 204 lifts upwardly off of
valve seat 206 to permit dust from the air induction system to enter transfer holding
plenum 208. When plunger inertial mass 200 translates downwardly to the lower end
of its travel stroke, the lower elastomeric gasket or seal 210 moves downwardly away
from valve seat 212 to permit the dust to be discharged from transfer holding plenum
208.

[0026] In Fig. 8, central stud 220 reciprocates axially up and down to
flex bellows 222 providing the plunger, which may include an additional weight 224
sliding up and down along stud 220 and striking and providing impact at impaction
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regions 223 and 225 of the bellows. When the plunger, including weight 224,
translates to the upper end of its travel stroke, elastomeric seal or gasket tip 226 lifts
upwardly off of valve seat 228 to permit dust from the air induction system to flow
through aperture 230 into transfer holding plenum 232. When the plunger, including
weight 224, translates downwardly to the lower end of its travel stroke, lower
elastomeric seal or gasket tip 234 moves downwardly away from valve seat 236 to
permit the dust to be discharged from transfer holding plenum 232. This embodiment
minimizes the influence of friction from dust which might otherwise gather at the
interface of stud 220 and the inner diameter of oscillating weight 224.

[0027] In Fig. 9, plunger 240 is biased to the lower end of its travel
stroke by spiral compression spring 242 in transfer holding plenum 244 of channel
246. When the plunger translates axially upwardly to the upper end of its travel
stroke, elastomeric seal 248 lifts upwardly off of valve seat 250, permitting dust from
the air induction system to flow through aperture 251 and enter transfer holding
plenum 244. When the plunger translates downwardly to the lower end of its travel
stroke, as shown in Fig. 9, lower elastomeric seal 252 moves downwardly away from
valve seat 254, permitting dust to be discharged from transfer holding plenum 244.

[0028] In further embodiments, instead of a linear motion of the
plunger inertial mass, other non-linear motions of an inertial mass may be employed
to actuate the noted valve faces into and out of engagement with respective valve
seats. For example, a rocker may be employed with a rocking motion about a pivot
point providing an arcuate motion at a distance spaced radially from such pivot, with
the arcuate motion opening and closing the noted valves. In another example, flexible
diaphragms with valve faces may be used with a cantilever arm extending therefrom
and a weight at the end of the arm which translates or rocks in an arc to in turn rock
the diaphragm and valve faces into and out of engagement with respective valve
seats. In another example, a rotating mass may be provided With an eccentric weight
spaced from the axis of rotation. In another embodiment, a teeter-totter or see-saw

action may be provided with a spring and a mass to drive the valve open and closed
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with a leverage arm.

[0029] In the foregoing description, certain terms have been used for
brevity, clearness, and understanding. No unnecessary limitations are to be inferred
therefrom beyond the requirement of the prior art because such terms are used for
descriptive purposes and are intended to be broadly construed. The different
configurations, systems, and method steps described herein may be used alone or in
combination with other configurations, systems and method steps. It is to be expected
that various equivalents, alternatives and modifications are possible within the scope

of the appended claims.
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CLAIMS
What is claimed is:
1. An e¢jector for an induction system in a vibratory system
generating vibration, comprising an ejection valve comprising an inertial mass
inertially activated and driven by said vibration to discharge contaminant from said

induction system.

2. The ejector according to claim 1 wherein said inertial mass is a
plunger inertially driven by said vibration to vibrate and oscillate to an amplitude

along an axial oscillation axis.

3. The ejector according to claim 2 wherein said plunger translates
and oscillates along an axial travel stroke in a channel extending along said oscillation
axis, said plunger having at least one valve face, said channel having at least one

valve seat engaged by said valve face at one end of said travel stroke.

4. The ejector according to claim 3 wherein said plunger comprises
a plunger body and an elastomeric seal extending laterally therefrom relative to said

axial oscillation axis, said elastomeric seal providing said valve face.

5. The ejector according to claim 2 wherein said plunger oscillates
along an axial travel stroke in a channel extending along said oscillation axis, said
plunger having first and second axially spaced valve faces, said channel having first
and second axially spaced valve seats engaged by said first and second valve faces,

respectively.
6. The ejector according to claim 5 wherein:

said first and second valve faces alternately engage their respective said

valve seat at distally opposite first and second ends of said travel stroke, to provide

-10-
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first and second alternately actuated shut-off valves, respectively,
5 such that:
when said plunger is at said first end of said travel stroke,
said first valve face engages said first valve seat, and said
first shut-off valve is closed,
said second valve face disengages said second valve seat,
10 and said second shut-off valve is open;
when said plunger is at said second end of said travel stroke,
said first valve face disengages said first valve seat, and
said first shut-off valve is open,
said second valve face engages said second valve seat,

15 and said second shut-off valve is closed.

7. The ejector according to claim 6 wherein said channel has a
transfer holding plenum axially between said first and second valve seats, said
transfer holding plenum receiving and holding contaminant from said induction
system when said plunger is at said second end of said travel stroke and said first

5  shut-off valve is open, said transfer holding plenum discharging said contaminant
when said plunger is at said first end of said travel stroke and said second shut-off

valve is open.

8. The ejector according to claim 7 wherein said plunger comprises
a plunger body and first and second axially spaced elastomeric seals extending
laterally therefrom relative to said axial oscillation axis, said first elastomeric seal
providing said first valve face, said second elastomeric seal providing said second

5 valve face.

9. The ejector according to claim 7 wherein said plunger is

gravitationally biased to said first end of said travel stroke.

-11-
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10.  The ejector according to claim 7 comprising a spring in said

transfer holding plenum biasing said plunger to said first end of said travel stroke.

11.  The ejector according to claim 10 wherein said spring is a spiral
compression spring disposed concentrically around said plunger and extending axially

therealong and axially spanning said transfer holding plenum.

12.  The ejector according to claim 2 wherein said inertial mass
operates over a range including at least the following: 11.5 Hz oscillation frequency;

1.5 inch oscillation amplitude.

13.  The ejector according to claim 1 wherein said ejector is a dust

ejector for an air induction system of an internal combustion engine.

14. An e¢jector for an induction system in a vibratory system
generating vibration, comprising an ejection valve comprising an inertial mass
inertially activated and driven by said vibration to discharge contaminant from said
induction system, said inertial mass being a plunger inertially driven by said vibration
to vibrate and oscillate to an amplitude along an axial oscillation axis, said plunger
translating and oscillating along an axial travel stroke in a channel extending along
said oscillation axis, said plunger having at least one valve face, said channel having
at least one valve seat engaged by said valve face at said one end of said travel stroke,
said plunger having an axially facing impactor surface, said channel having an
impaction anvil surface axially facing said impactor surface and impacted thereby
during oscillation of said plunger along said axial travel stroke along said oscillation
axis, said impactor surface repeatedly striking said anvil surface to provide a hammer-

effect, fostering vibratory feeder movement of said contaminant through said channel.

-12-
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15.  The ejector according to claim 14 wherein:
said plunger has first and second axially spaced said valve faces;
said channel has first and second axially spaced said valve seats
engaged by said first and second valve faces, respectively;
said first and second valve faces alternately engage their respective said
valve seat at distally opposite first and second ends of said travel stroke, to provide
first and second alternately actuated shut-off valves, respectively,
such that:
when said plunger is at said first end of said travel stroke,
said first valve face engages said first valve seat, and said
first shut-off valve is closed,
said second valve face disengages said second valve seat,
and said second shut-off valve is open;
when said plunger is at said second end of said travel stroke,
said first valve face disengages said first valve seat, and
said first shut-off valve is open,
said second valve face engages said second valve seat,
and said second shut-off valve is closed;
said channel has a transfer holding plenum axially between said first
and second valve seats, said transfer holding plenum receiving and holding
contaminant from said induction system when said plunger is at said second end of
said travel stroke and said first shut-off valve is open, said transfer holding plenum
discharging said contaminant when said plunger is at said first end of said travel
stroke and said second shut-off valve is open;
said channel has a side wall laterally facing said plunger and extending
axially between said first and second valve seats;
said plunger has a sidewall laterally facing said sidewall of said channel
and extending axially between said first and second valve faces;

at least one of said sidewalls is recessed away from the other of said

13-
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30 sidewalls to define a cavity therebetween;
said cavity is in alternate open communication through said first and
second shut-off valves,
to receive contaminant from said air induction system through
an open said first shut-off valve when said plunger is at said
35 second end of said travel stroke, and
to discharge said contaminant through an open said second shut-
off valve when said plunger is at said first end of said travel
stroke;

said cavity provides said transfer holding plenum.

16.  The ejector according to claim 14 wherein said ejector is a dust

ejector for an air induction system of an internal combustion engine.

17. A method for ejecting contaminant from an induction system in
a vibratory system generating vibration, comprising providing an ejection valve
comprising an inertial mass, and inertially activating and driving said inertial mass by

said vibration to discharge contaminant from said induction system.

18.  The method according to claim 17 comprising providing said
inertial mass as a plunger, and inertially driving said plunger by said: vibration to
vibrate and oscillate to an amplitude along an axial oscillation axis, and translating
and oscillating said plunger along an axial travel stroke in a channel ext?nding along

5 said oscillation axis, providing said plunger with at least one valve face, providing
said channel with at least one valve seat, and engaging said valve face and said valve

seat at one end of said travel stroke.

19.  The method according to claim 18 comprising:

providing said plunger with first and second axially spaced said valve

-14-
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faces;

providing said channel with first and second axially spaced said valve
seats;

alternately engaging said first and second valve faces with their
respective said valve seat at distally opposite first and second ends of said travel
stroke, to provide first and second alternately actuated shut-off valves, respectively;

inertially actuating and translating said plunger to said first end of said
travel stroke to engage said first valve face with said first valve seat and close said
first shut-off valve, and disengaging said second valve face from said second valve
seat to open said second shut-off valve;

inertially actuating and translating said plunger to said second end of
said travel stroke to disengage said first valve face from said first valve seat and open
said first shut-off valve, and to engage said second valve face with said second valve

seat to close said second shut-off valve.

20.  The method according to claim 19 comprising:

providing said channel with a transfer holding plenum axially between
said first and second valve seats;

transferring contaminant from said air induction system through an
open said first shut-off valve to said transfer holding plenum when said plunger is at
said second end of said travel stroke;

discharging said contaminant from said transfer holding plenum
through an open said second shut-off valve when said plunger is at said first end of

said travel stroke.

21.  The method according to claim 18 comprising:
providing said plunger with an axially facing impactor surface;
providing said channel with an impaction anvil surface axially facing

said impactor surface;

-15-
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impacting said anvil surface with said impactor surface during
oscillation of said plunger along said axial travel stroke along said oscillation axis and
repetitively striking said anvil surface with said impactor surface to provide a
hammer-effect, fostering vibratory feeder movement of said contaminant through said

channel.

22.  The method according to claim 17 comprising operating said
inertial mass over a range including at least the following: 11.5 Hz oscillation

frequency; 1.5 inch oscillation amplitude.

23.  The method according to claim 17 comprising a method for
ejecting dust from an air induction system of an internal combustion engine,
comprising providing a dust ejection valve comprising an inertial mass, and inertially
activating and driving said inertial mass by said vibration to discharge dust from said

air induction system.
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