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AIR CLEANER, FILTER ELEMENT, AND 
METHODS 

FIELD OF THE INVENTION 

[0001] This disclosure describes air cleaners for engines 
and methods. In particular, this disclosure describes an air 
cleaner having a straight-through ?oW, sealing system, reso 
nator, and methods for servicing and use. 

BACKGROUND OF THE INVENTION 

[0002] Gas streams often carry particulate material 
therein. In many instances, it is desirable to remove some or 
all of the particulate material from a gas ?oW stream. For 
example, air intake streams to engines for motoriZed 
vehicles or other motoriZed equipment often include par 
ticulate material therein. The particulate material, should it 
reach the internal Workings of the various mechanisms 
involved, can cause substantial damage thereto. It is there 
fore preferred, for such systems, to remove the particulate 
material from the gas ?oW upstream of the engine or other 
equipment involved. A variety of air ?lter or gas ?lter 
arrangements have been developed for particulate removal. 
In general, hoWever, continued improvements are sought. 

SUMMARY OF THE DISCLOSURE 

[0003] This disclosure concerns, in one embodiment, an 
air cleaner including a housing having ?rst and second 
opposite ends. Preferably, the housing de?nes an inlet adja 
cent to the ?rst end and an outlet adjacent to the second end. 
A media pack is preferably oriented Within the interior 
volume of the housing. In preferred embodiments, the media 
pack Will have a ?rst and second opposite ?oW face and be 
constructed and arranged for air to How into the media pack 
through the ?rst ?oW face, and for air to exit the media pack 
through the second ?oW face. The air cleaner Will include a 
seal member forming a seal betWeen the media pack and the 
housing. In preferred constructions, a secondary ?lter ele 
ment is oriented Within the interior volume of the housing. 

[0004] In some preferred embodiments, the housing is 
constructed and arranged as a resonator. 

[0005] Certain preferred embodiments Will include seal 
constructions that engage the secondary ?lter element to 
help hold the secondary ?lter element axially Within the 
housing. 
[0006] Methods of ?ltering systems, servicing ?ltration 
systems, and constructing ?lter arrangements and housings 
are described herein. Preferred methods Will use ?lter ele 
ments and constructions as characteriZed above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a perspective vieW of one embodiment of 
an air cleaner, according to principles of this disclosure; 

[0008] FIG. 2 is an exploded, perspective vieW of the air 
cleaner of FIG. 1 and its internal components; 

[0009] FIG. 3 is a cross-sectional vieW of the air cleaner 
housing taken along the line 3-3 of FIG. 1; 

[0010] FIG. 4 is a schematic vieW of one embodiment of 
a system in Which air cleaners according to the present 
disclosure are used; 

Jun. 21, 2001 

[0011] FIG. 5 is an enlarged, fragmented, schematic 
cross-sectional vieW of one embodiment a compressible seal 
member utiliZed to form a seal betWeen a media pack and the 
air cleaner housing of FIG. 1; 

[0012] FIG. 6 is an end elevational vieW of one embodi 
ment of a cup of the air cleaner housing shoWn in FIG. 1; 

[0013] FIG. 7 is a cross-sectional vieW of the cup depicted 
in FIG. 6 taken along the line 7-7 of FIG. 8; 

[0014] FIG. 8 is an opposite end elevational vieW of the 
cup depicted in FIG. 6; 

[0015] FIG. 9 is a cross-sectional vieW of one embodi 
ment of a body member of the air cleaner housing depicted 
in FIG. 1 taken along the line 9-9 of FIG. 2; 

[0016] FIG. 10 is an exploded, perspective vieW of one 
embodiment of a secondary ?lter element usable in the air 
cleaner depicted in FIG. 1, according to the principles of the 
present disclosure; 

[0017] FIG. 11 is a schematic, perspective vieW of a 
portion of ?lter media usable in the media pack shoWn in 
FIGS. 2 and 3; and 

[0018] FIG. 12 is a schematic, end vieW of the media pack 
depicted in FIGS. 2 and 3, according to principles of the 
present disclosure. 

DETAILED DESCRIPTION 

[0019] A. Systems of Use, FIG. 4 

[0020] The ?lter constructions and arrangements 
described herein are usable in a variety of systems. One 
particular type of system is depicted schematically in FIG. 
4 generally at 700. In FIG. 4, equipment 702, such as a 
vehicle, having an engine 703 With some de?ned rated air 
?oW demand, for example at least 35 cfm, and typically 
45-65 cfm is shoWn schematically. The equipment 702 may 
comprise a laWn tractor, golf cart, poWer boat, or other 
poWered equipment. The engine 703 poWers the equipment 
702, through use of an air and fuel mixture. In FIG. 4, air 
How is shoWn draWn into the engine 703 at an intake region 
705. An air cleaner 710 having a ?lter construction 712 and 
a secondary element 713 is upstream of the engine 703. The 
air cleaner 710 can be constructed to have a resonator 706 
integral thereWith to reduce the sound pressure level exiting 
the system 700 upon Which the air cleaner 710 is installed. 

[0021] In general, in operation air is draWn in at arroW 714 
into the air cleaner 710 and through the primary element 712 
and the secondary element 713. There, particles and con 
taminants are removed from the air. The cleaned air ?oWs 
doWnstream at arroW 716 into the intake 705. From there, 
the air ?oWs into the engine 703 for use in poWering the 
equipment 702. 

[0022] B. OvervieW of the Air Cleaner 

[0023] Attention is directed to FIGS. 1-3. These Figs. 
illustrate an embodiment of an air cleaner, generally desig 
nated as reference no. 1. The air cleaner 1 is usable in engine 
air intake systems, such as system 700, described above. 

[0024] In FIG. 1, an air cleaner housing 2 is depicted. The 
air cleaner housing 2 holds or contains internal components 
for ?ltering or cleaning air that ?oWs through the housing 2. 
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[0025] FIG. 2 is an exploded, perspective vieW of an 
assembly of the air cleaner 1. In the particular embodiment 
illustrated, the air cleaner 1 includes the housing 2 and an 
indicator system 5. The housing 2 holds, or contains Within 
it, a media pack 3 and a secondary element 6. The media 
pack 3 has a ?lter construction 100 and a sealing system 4. 

[0026] When the particular air cleaner 1 depicted in FIG. 
2 is operably constructed and assembled together, the air 
cleaner 1 Will have the cross-section as shoWn in FIG. 3. By 
the term “operably,” it is meant that during use in the system 
700 (FIG. 4), When the air cleaner 1 is removing particulate 
matter from an air stream, the air cleaner 1 Will be con?g 
ured and arranged as illustrated in FIG. 3. FIG. 3 demon 
strates the general, overall operation of the air cleaner 1: (a) 
?uid, such as air, enters the housing 2 at an inlet or ?rst end 
10 in the direction of arroW 306; (b) passes through the 
media pack 3, Where particulate matter is removed from the 
?uid; (c) passes through the secondary element 6; and (d) 
exits the housing 2 at an outlet or second end 11 in the 
direction of arroW 307. In preferred embodiments, the 
housing 2 is constructed and arranged to act as a resonator 
14. As such, When air moves through the housing 2, the 
resonator 14 Will decrease the sound pressure level exiting 
the system 700 (FIG. 4). When the optional indicator system 
5, typically a conventional restriction indicator, is used With 
the air cleaner 1, the indicator system 5 Will provide an 
indication of When the media pack 3 is occluded and requires 
servicing. 

[0027] As can be seen in FIG. 3, When media construc 
tions such as ?lter constructions 100 of the type shoWn are 
used in the housing 2, the sealing system 4 is needed to 
ensure that air ?oWs through the ?lter construction 100, 
rather than in a path that bypasses the ?lter construction 100. 

[0028] When constructions of the type shoWn in FIG. 3 
are used, the media pack 3 Will be removable and replace 
able from the housing 2. After a period of use, When the 
media pack 3 is serviced, debris and contaminants may be 
knocked from the media pack 3. The secondary element 6 
operates to catch debris and contaminants and prevent these 
contaminants from being sucked into the engine. 

[0029] Further details on the construction and methods of 
the air cleaner 1 folloW. 

[0030] C. The Housing 2 

[0031] A variety of embodiments of housings for the air 
cleaner 1 are possible. Apreferred housing construction 2 is 
illustrated in perspective in FIG. 1. An exploded vieW of the 
housing 2 is shoWn in FIG. 2. 

[0032] In the particular embodiment illustrated in FIG. 2, 
the housing 2 preferably includes a body member or portion 
12 and a cover or cup portion 13. Attention is directed to 
FIG. 9. FIG. 9 is a cross-sectional vieW of the body 12. In 
general, the body 12 includes a ?rst media chamber exterior 
Wall 15, a sealing chamber exterior Wall 16, a secondary 
element exterior Wall 17, and an outlet exterior Wall 18. 

[0033] When the housing 2 is constructed according to 
principles herein, the ?rst media chamber exterior Wall 15 
Will de?ne a ?rst media chamber 20. The ?rst media 
chamber 20 is con?gured for receiving, holding, and con 
taining a portion of the media pack 3. This can be seen in the 
cross-section of FIG. 3. The ?rst media chamber exterior 
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Wall 15 Will have a cross-sectional con?guration selected by 
the system designer, based on space considerations, manu 
facturing techniques, and other factors. In the particular 
embodiment illustrated, the ?rst media chamber 20 is cylin 
drical, or has a slight frusto-conical shape, With a circular 
cross-section, having a ?rst diameter D1 and a ?rst axial 
length L1. It should be noted that the use of the term 
“cylindrical” herein denotes a general shape. After demold 
ing, during manufacture, a draft angle may cause the hous 
ing 2 to have a slight angle or frusto-conical shape rather 
than a cylindrical shape. 

[0034] In reference again to FIG. 9, the sealing chamber 
exterior Wall 16 de?nes a sealing chamber 21. The sealing 
chamber 21 de?nes a sealing surface 82. The sealing surface 
82 provides a rigid surface for receiving compression pres 
sure of the sealing system 4. This Will be described in further 
detail beloW, in conjunction With the description of the 
sealing system 4. In the embodiment illustrated, the sealing 
chamber 21 is cylindrical With a circular cross-section 
having a second diameter D2 and a second axial length L2. 
As such, the sealing surface 82, in the particular embodi 
ment shoWn, is an annular, radial sealing surface 82. The 
diameter D2 is smaller than the diameter D1 of the ?rst 
media chamber 20. As a result, there is a step 83 betWeen the 
?rst media chamber 20 and the sealing chamber 21. 

[0035] The body member 12 also de?nes a ?rst seat 84. 
The seat 84 is preferably con?gured for acting as a stop for 
properly positioning and orienting the media pack 3 Within 
the body member 12. In the particular arrangement shoWn in 
FIG. 9, the seat 84 includes a surface 85 angled relative to 
the sealing surface 82. The surface 85 of the seat 84 can be 
angled betWeen 60°-120°, typically 70-110°, and in the 
particular embodiment illustrated about 90°, relative to the 
sealing surface 82. The stop surface 85 Will axially engage, 
or abut, an end axial surface 86 (FIG. 3) of the sealing 
system 4. 

[0036] Adjacent to the stop surface 85 is a secondary 
element chamber 22. The secondary element chamber 22 is 
de?ned by the secondary element exterior Wall 17. The 
secondary element chamber 22 has an inner Wall 269, Which 
corresponds to an opposite side from the exterior Wall 17. As 
Will be explained further beloW, the inner Wall 269 acts as an 
engagement surface such that a portion of the secondary 
?lter element 6 can be compressed thereagainst. This Will be 
discussed in further detail beloW, in connection With the 
discussion of the secondary ?lter element 6. The secondary 
element chamber 22 also includes a seat 86 for helping the 
proper orientation and positioning of the secondary ?lter 
element 6 in the body member 12. In particular, the second 
ary ?lter element seat 86 has a surface 87 that Will axially 
engage or abut an axial surface of the secondary ?lter 
element 6. The stop surface 87 is angled relative to the 
engagement surface 269, in order to provide the stopping or 
engagement purposes. The surface 87 can be angled relative 
to the engagement surface 269 in a range betWeen about 
60°-120°, typically 70°-110°, and in the particular embodi 
ment illustrated, about 90°. 

[0037] Still in reference to FIG. 9, in the particular 
embodiment shoWn, the secondary element chamber 22 is 
cylindrical With a circular cross-section, Which has a third 
diameter D3 and a third axial length L3. As can be seen in 
FIG. 9, D3 is smaller than the diameter of D2 (the sealing 
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chamber 21) and D1 (the diameter of ?rst media chamber 
20). This construction allows for insertion and removal of 
the secondary ?lter element 6 through an opening 80 de?ned 
by the body member 12, through the ?rst media chamber 20, 
through the sealing chamber 21, and into the secondary 
element chamber 22. 

[0038] Still in reference to FIG. 9, the outlet exterior Wall 
18 is depicted as adjacent to the secondary element chamber 
22. The outlet exterior Wall 18 de?nes an outlet 23, through 
Which air exits the air cleaner assembly 1. The outlet 23, in 
the embodiment illustrated, is angled relative to the stop 
surface 87 by an angle of betWeen 70-110°, and in the one 
shoWn in the draWing, about 90°. Also, in the particular 
embodiment illustrated, the outlet 23 is cylindrical With a 
fourth axial length L4 and a circular cross-section of a fourth 
diameter D4. 

[0039] In the particular embodiment illustrated in FIGS. 2 
and 9, the ?rst media chamber exterior Wall 15 includes 
integral ridges or ribs 24. Preferably, the ribs 24 are con 
tinuous around the outside circumference of the ?rst media 
chamber exterior Wall 15. In general, the ribs 24 provide 
additional structural integrity or strength to the overall 
housing 2. In the particular embodiment illustrated, the ribs 
24 are ornamental, eye-catching, and distinctive to Donald 
son, the assignee. 

[0040] Attention is directed to FIG. 7. FIG. 7 is a cross 
sectional vieW of the cup portion 13 of the housing 2 (FIG. 
2). In general, the cover or cup 13 includes a body chamber 
exterior Wall 25, a second media pack exterior Wall 26, and 
a top Wall, or inlet, 27. 

[0041] Preferably, the body chamber exterior Wall 25 
de?nes a body chamber 30 arranged and con?gured to 
receive the body portion 12 (FIG. 2) of the housing 2 (FIG. 
2). During assembly, the ?rst media pack exterior Wall 15 of 
the body portion 12 is designed to ?t Within the body 
chamber 30. In the particular embodiment illustrated, the 
body chamber 30 is cylindrical and has a ?fth diameter D5 
and a ?fth axial length L5. 

[0042] Preferably, the second media pack exterior Wall 26 
de?nes a second media pack chamber 31 arranged and 
con?gured to receive a portion of the media pack 3 (FIG. 2). 
In the embodiment depicted, the second media pack cham 
ber 31 is cylindrical and has a sixth diameter D6 and a sixth 
axial length L6. 

[0043] Preferably, the top Wall 27 secures the media pack 
3 (FIG. 2) Within the housing 2 (FIG. 2) and alloWs air to 
enter the air cleaner assembly 1 (FIG. 1) While preventing 
large objects, such as sticks, leaves, and butter?ies, from 
entering the housing 2. 

[0044] In the particular embodiment illustrated in FIG. 7, 
the cup portion 13 further includes a support structure 35. 
The support structure 35 provides support for holding the 
media pack 3 (FIG. 2) placed Within the housing 2 (FIG. 2) 
and prevents axial slippage of the media pack 3 during use. 
Referring to FIG. 3, typically, the support structure 35 is not 
in touchable engagement With the media pack 3. Preferably, 
a gap 106, having an eighth axial length of L8, exists 
betWeen the media pack 3 and the support structure 35. 
During use, this gap 106 helps distribute the inlet air stream 
306 throughout the face 105 of the media pack 3. During 
use, forces exerted on the air cleaner assembly 1 may cause 
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the media pack 3 to vibrate loose. In other Words, the media 
pack 3 may become dislodged from its sealing engagement, 
described in detail beloW, With the housing 2. In this event, 
the support structure 35 prevents the media pack 3 from 
becoming completely dislodged and thereby ensures a seal 
ing engagement betWeen the media pack 3 and the housing 

[0045] In alternative embodiments, the gap 106 may be 
partially ?lled With a ring or gasket (not shoWn) to ensure 
minimal axial slippage of the media pack 3, thereby ensuring 
that the media pack 3 remains in sealing engagement With 
the housing 2. 

[0046] The support structure 35 also helps to maintain an 
air space 37 betWeen the top Wall 27 of the cup portion 13 
and the media pack 3 When assembled. In addition, the 
support structure 35 partially creates an expansion chamber 
65 for sound, as Will be discussed in more detail beloW. This 
air space 37 improves the air ?oW through the media pack 
3, as Will be described in more detail beloW. 

[0047] The support structure 35 generally extends from 
the top Wall 27 of the cup 13 into the second media pack 
chamber 31 a ?rst distance K1. Preferably, the support 
structure 35 comprises a plurality of ?ns or ribs 36 as 
illustrated in FIGS. 7 and 8. FIG. 8 is an end elevational 
vieW of the inside of the cup portion 13. The ?ns 36 extend 
from the top Wall 27 of the cup 13 and typically are integral 
With the top Wall 27. 

[0048] Referring back to FIGS. 1 and 2, preferably, the 
housing 2 includes a securing system 39 for securing the cup 
13 to the body 12. In typical applications, the securing 
system 39 includes ?rst and second latches 42, 43. Latch 
connections such as those described in US. Pat. Nos. 
5,547,480, 5,545,241, and Des. 399,119, incorporated herein 
by reference, can be used. In alternative embodiments, the 
securing system 39 may include a tWist lock mechanism as 
described in co-pending, commonly assigned, US. patent 
applications Ser. No. 08/928,684, ?led Sep. 12, 1997, and 
Ser. No. 09/146,291, ?led Sep. 3, 1998, entitled “Air Cleaner 
Assembly; and Method,” hereby incorporated by reference. 
[0049] In the particular embodiment illustrated in FIG. 7, 
the cup portion 13 includes ?rst and second latch supports 
40, 41. Referring back to FIG. 2, the latches 42, 43 are 
mounted on the ?rst and second latch supports 40, 41 (FIG. 
7). In the particular embodiment illustrated in FIG. 9, the 
body portion 12 also includes ?rst and second latch exten 
sions 44, 45. Referring back to FIGS. 1 and 2, the latches 
42, 43 are designed to hook or latch the ?rst and second latch 
extensions 44, 45 to secure the cup 13 to the body 12 of the 
housing 2. 

[0050] Preferably, the body chamber 30 of the cup 13 is 
arranged and con?gured to receive the ?rst and second latch 
extensions 44, 45. Referring back to FIG. 8, the body 
chamber exterior Wall 25 includes ?rst and second latch 
extension regions 46, 47, axially aligned With the latch 
supports 40, 41, respectively. The ?rst and second latch 
extension regions 46, 47 are arranged and con?gured to 
receive the ?rst and second latch extensions 44, 45, respec 
tively as illustrated in FIG. 1. In this manner, the ?rst and 
second latch extension regions 46, 47 and the ?rst and 
second latch extensions 44, 45 helps to ensure that the cup 
13 is appropriately aligned With the body 12 prior to 
securing the cup 13 to the body 12. 
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[0051] Referring back to FIG. 1, the housing 2 further 
includes an optional radial alignment system 46. In the 
particular embodiment illustrated in FIGS. 1 and 2, the 
alignment system includes an alignment ridge, protrusion, or 
bump 48 on the body 12 and an alignment region or channel 
47 in the body chamber 30 of the cup 13. The alignment 
channel 47 is arranged and con?gured to receive the align 
ment ridge 48. During assembly, the alignment ridge 48 and 
the alignment channel 47 ensure that the cup can be oriented 
only in one direction With respect to the body member 12. 
This ensures proper air ?oW through the air cleaner assem 
bly 1, as Will be described in more detail beloW. In other 
embodiments, the ridge 48 may be on the cup 13, While the 
channel 47 is on the body member 12. 

[0052] Attention is directed to FIG. 6. FIG. 6 is an end 
elevational vieW of one embodiment of the cup portion 13 of 
the air cleaner assembly 1 shoWn in FIG. 1. In the particular 
embodiment illustrated in FIG. 6, the top Wall 27 de?nes an 
inlet arrangement 27a for intaking air ?oW into the housing 
2. In preferred embodiments, the inlet arrangement 27a Will 
include a radial diffuser 49 for distributing the air ?oW 
through the media pack 3 (FIG. 2). In the particular embodi 
ment illustrated in FIG. 6, the radial diffuser 49 comprises 
a plurality of slots 50. The slots 50 alloW a ?uid, such as air, 
to enter the air cleaner assembly 1 (FIG. 1) While restricting 
large objects, such as sticks, from entering the air cleaner 
assembly 1. Preferably, the slots 50 are designed for ef?cient 
air ?oW through the air cleaner assembly 1. 

[0053] In the particular embodiment illustrated in FIG. 6, 
the slots are diverging-converging openings or tear shaped. 
By the term “tear shaped,” it is meant that the slots 50 have 
a Wider opening at a ?rst end 51 than at a second end 52. The 
Wider opening at the ?rst end 51 alloWs more air to enter the 
assembly 1 around the outer circumference of the assembly 
1. The narroWer opening at the second end 52 restricts the air 
entering the assembly 1 near the center of the assembly 1. 
Each of the slots 50 is tapered from the Wider opening at the 
?rst end 51, doWn toWard the opening at the second end 52. 
This particular arrangement improves air How and ?ltration 
capacity since a larger surface area of media exists at the 
outer circumference of the media pack 3 (FIG. 2) than at the 
center of the media pack 3. By directing a larger volume of 
air around the outer circumference of the media pack 3, 
greater ?ltration capacity is achieved. 

[0054] Still in reference to FIG. 6, preferably, the slots 50 
are placed in generally the upper half 90 of the top Wall 27 
of the cup 13. By the term “upper half,” it is meant that When 
the air cleaner assembly 1 is installed in the system 700 
(FIG. 4), the top Wall 27 Will be arranged to be Within a 
vertical plane such that the top Wall 27 Will have an upper 
half With a higher vertical elevation than a loWer half 91 of 
the top Wall 27. In typical applications, the air cleaner 
assembly 1 is oriented such that the slots 50 align With an 
opening (not shoWn) in a shroud or hood of equipment for 
Which the air cleaner assembly 1 is designed. For example, 
on garden tractors, the hood of the garden tractor contains an 
opening for air ?oW. The air cleaner assembly 1 is mounted 
Within the hood such that the slots 50 of the cup 13 generally 
align With the opening in the hood of the garden tractor. This 
ensures maximum air ?oW through the air cleaner assembly 
1. 

[0055] In the particular embodiment illustrated, the top 
Wall 27 includes an arroW 55 and the Word “top”56 to ensure 
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proper orientation by the user of the air cleaner assembly 1 
With the openings in the hood of the garden tractor. In 
addition, preferably, the housing 2 includes the alignment 
system 46 previously discussed to ensure proper orientation. 
In the particular embodiment illustrated in FIG. 6, the slots 
50 are arranged in a semi-circular array, With each of the 
slots extending radially from a center 77 of the top Wall 27 
toWard the outer periphery 78 of the top Wall 27. 

[0056] In the particular embodiment illustrated, the top 
Wall 27 includes a drain hole 60 near the loWer half of the 
top Wall 27 of the cup 13. The drain hole 60 alloWs any 
liquid, such as Water or Water condensation, that may enter 
the air cleaner assembly 1, to drain out of the air cleaner 
assembly 1 through the drain hole 60. The alignment system 
46 helps to ensure that the drain hole 60 is oriented at or near 
the bottom of the air cleaner 1. 

[0057] Although the particular body 12 and cup 13 
depicted are preferred for the housing 2, many different 
embodiments are possible. The embodiment depicted, hoW 
ever, is particularly convenient for manufacturing tech 
niques, such as injection molding. Further, the particular 
housing 2 depicted is preferred because it is attractive in 
appearance, eye-catching, and distinctive to Donaldson, the 
assignee. Further vieWs of the housing 2 are depicted in 
co-pending and commonly assigned US. patent application 
Ser. No. , ?led the same date hereWith, and entitled, 
“In-line Air Cleaner,” Which application is incorporated by 
reference herein. 

[0058] D. The Resonator 14 

[0059] In certain preferred systems, the housing 2 is 
constructed and arranged to act as a resonator 14. That is, in 
preferred constructions, the housing 2 is constructed and 
arranged to reduce the sound pressure level exiting the 
system 700 (FIG. 4). When constructed according to the 
folloWing principles, the resonator 14 Will reduce the sound 
pressure level by at least 1 dB(A), typically betWeen 1.5 and 
3 dB(A), When compared to an air cleaner With an open end; 
that is, an air cleaner Where an end of a media pack is not 
covered by a portion of a housing of the air cleaner. This 
sound pressure level decrease can be measured With equip 
ment such as a Larson Davis Real Time AnalyZer, With the 
microphone mounted about 30 inches above the seat of the 
equipment, such as a garden tractor. Alternatively, equip 
ment such as an Aachen Head can be used, again, With the 
simulated head mounted about 30 inches above the seat of 
the equipment. 

[0060] Attention is directed to FIG. 3. FIG. 3 is a cross 
sectional vieW of the assembled air cleaner assembly 1 of 
FIG. 1. Preferably, the length L7 of an expansion chamber 
65, Which includes both the ?rst and second media pack 
chambers 20, 31 (FIGS. 7 and 9) of the body 12 and the cup 
13, respectively, and the inlet 27 are constructed and 
arranged to act as the resonator 14. L7 extends betWeen the 
inlet Wall 27 and the ?rst seat surface 86. Preferably, the 
overall length L7 of the expansion chamber 65 is equal to the 
speed of sound divided by 4 times the frequency desired to 
be removed by the resonator 14. This particular length L7 of 
the expansion chamber 65 causes the sounds Waves to 
bounce back and forth, canceling each other, according to 
sound pressure principles commonly knoWn. The frequency 
desired to be removed by the resonator 14 is dependent on 
the particular source impedance of the doWnstream equip 
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ment. For example, a Yanmar, tWin cylinder diesel engine 
operating at rated conditions and having a 20 horsepower 
rating, has a predominate source strength frequency at 500 
hertZ. Knowing this source strength frequency, the length L7 
of the expansion chamber 65 is determined. A ratio of the 
length L7 of the expansion chamber 65 to the open area 
equivalent diameter of the inlet 27 is betWeen about 4.5 and 
5.0, for example about 4.7. A ratio of the length L7 of the 
expansion chamber 65 to the largest outermost sectional 
dimension (in the particular illustrated embodiment, diam 
eter) is at least 1.5, and typically betWeen about 1.75 and 
2.00, for example, about 1.8. 

[0061] In addition, the inlet arrangement 27a is arranged 
and constructed to have an opening that has a smaller 
cross-sectional area than the opening of the outlet chamber 
23. The smaller cross-sectional area of the inlet 27a acts to 
restrict the sound from exiting the inlet 27a. Preferably, the 
inlet 27a has a cross-sectional area that is at least 3 percent 
smaller than the cross-sectional area of the outlet 23, and 
typically betWeen 5 and 10 percent smaller. 

[0062] The expansion chamber 65 reduces, Within the 
space constraints, the radiated sound of the predominate 
source strength frequency through the inlet 27 by destructive 
interference. Sound Waves With frequencies above a feW 
hundred HertZ are further attenuated by acoustic attenuation 
Within the media pack 3, according to sound absorption 
principles commonly knoWn. The con?guration thus pro 
vides effective broadband sound absorption and attenuation. 

[0063] In the particular embodiment illustrated, the expan 
sion chamber 65 is cylindrical and has a diameter about at 
least 80 percent, and typically 100 to 250 percent larger than 
the largest cross-sectional dimension (in this case, diameter) 
of the outlet 23. 

[0064] Still in reference to FIG. 3, there is a non-internal 
tube construction 93 Within the interior of the housing 2 
betWeen the media pack 3 and the outlet 23. By the term 
“non-internal tube construction”, it is meant that there are no 
internal tubular structures for sound attenuation mounted 
Within the housing 2. In other Words, the housing 2 is 
constructed and arranged to attenuate sound With the reso 
nator 14 Without any additional tubes located thereWithin. In 
addition, the entire housing 2 includes a non-internal tube 
construction 94, in that there are no acoustic tubes located 
anyWhere Within the housing interior. While there is a 
negative cylinder at 95 for supporting the ?ns 36, the 
negative cylinder 95 does not act as a acoustic tube, and is 
not Within the de?nition of “non-internal tube construction.” 

[0065] In the particular embodiment illustrated, the reso 
nator 14 is designed to reduce the sound pressure levels 
exiting the air cleaner assembly 1 Without the use of baf?es, 
absorptive packing material, sonic chokes, or other sound 
attenuating devices. The sound pressure level reduction is 
achieved by the housing 2 consisting essentially of only the 
structure as described previously herein. 

[0066] E. The Media Pack 3 

[0067] Referring back to FIG. 2, the ?lter construction 
100 depicted is designed to remove particulates from a ?uid, 
such as air, passing through the ?lter construction 100, While 
the sealing system 4 is designed to seal the media pack 3 
against the sealing chamber exterior Wall 16 of the housing 
2, as shoWn in FIG. 3. By the term “seal,” it is meant that 
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the sealing system 4, under normal conditions, prevents 
unintended levels of ?uid from passing through a region 
betWeen the media pack 3 and the sealing chamber exterior 
Wall 16 of the housing 2; i.e., the sealing system 4 inhibits 
?uid ?oW from avoiding passage through the media pack 3. 

[0068] In certain arrangements, the media pack 3 Will be 
con?gured for straight-through ?oW. By “straight-through 
?oW,” it is meant that the media pack 3 is con?gured in a 
construction 100 With a ?rst ?oW face 105 (corresponding to 
an inlet end, in the illustrated embodiment) and an opposite, 
second ?oW face 110 (corresponding to an outlet end, in the 
illustrated embodiment), With ?uid ?oW entering in one 
direction 114 through the ?rst ?oW face 105 and exiting in 
the same direction 116 from the second ?oW face 110. When 
used With an inline-?oW housing, such as the housing 2 of 
FIG. 1, in general, the ?uid Will enter through the inlet of the 
housing in one direction 306, enter the ?lter construction 
100 through the ?rst ?oW face 105 in the same direction, exit 
the ?lter construction 100 in the same direction from the 
second ?oW face 110, and exit the housing through the 
housing outlet 11 also in the same direction 307. 

[0069] Although the ?rst ?oW face 105 is described above 
as corresponding to an inlet end, and the second ?oW face 
110 is described above as corresponding to an outlet end, the 
inlet and outlet ends can be reversed. That is, the ?rst ?oW 
face 105 depicted in FIG. 2 can correspond to an outlet end, 
While the second ?oW face 110 depicted in FIG. 2 can 
correspond to an inlet end. 

[0070] In FIG. 2, the ?rst ?oW face 105 and the second 
?oW face 110 are depicted as planar and as parallel. In other 
embodiments, the ?rst ?oW face 105 and the second ?oW 
face 110 can be non-planar, for example, frusto-conical. 
Further, the ?rst ?oW face 105 and second ?oW face 110 
need not be parallel to each other. 

[0071] Generally, the ?lter construction 100 Will be a 
Wound construction. That is, the construction 100 Will 
typically include a layer of ?lter media that is turned 
completely or repeatedly about a center point. Typically, the 
Wound construction Will be a coil, in that a layer of ?lter 
media Will be rolled a series of turns around a center point. 
In arrangements Where a Wound, coiled construction is used, 
the ?lter construction 100 Will be a roll of ?lter media, 
typically permeable ?uted ?lter media. 

[0072] Attention is noW directed to FIG. 11. FIG. 11 is 
schematic, perspective vieW demonstrating the principles of 
operation of certain media usable in the ?lter constructions 
herein. In FIG. 11, a ?uted construction is generally desig 
nated at 122. The ?uted construction 122 includes: a layer 
123 of corrugations having a plurality of ?utes 124 and a 
face sheet 132. The FIG. 11 embodiment shoWs tWo sections 
of the face sheet 132, at 132A (depicted on top of the 
corrugated layer 123) and at 132B (depicted beloW the 
corrugated layer 123). Typically, the media construction 125 
used in arrangements described herein Will include the 
corrugated layer 123 secured to the bottom face sheet 132B. 
When using this media construction 125 in a rolled con 
struction, it typically Will be Wound around itself, such that 
the bottom face sheet 132B Will cover the top of the 
corrugated layer 123. The face sheet 132 covering the top of 
the corrugated layer is depicted as 132A. It should be 
understood that the face sheet 132A and 132B are the same 
sheet 132. 
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[0073] When using this type of media construction 125, 
the ?ute chambers 124 form alternating peaks 126 and 
troughs 128. The troughs 128 and peaks 126 divide the ?utes 
into an upper roW and loWer roW. In the particular con?gu 
ration shoWn in FIG. 11, the upper ?utes form ?ute cham 
bers 136 closed at the doWnstream end, While ?ute chambers 
134, having their upstream end closed, form the loWer roW 
of ?utes. The ?uted chambers 134 are closed by a ?rst end 
bead 138 that ?lls a portion of the upstream end of the ?ute 
betWeen the ?uting sheet 130 and the second facing sheet 
132B. Similarly, a second end bead 140 closes the doWn 
stream end of alternating ?utes 136. In some systems, both 
the ?rst end bead 138 and second end bead 140 are straight 
along all portions of the media construction 125, never 
deviating from a straight path. In some systems, the ?rst end 
bead 138 is both straight and never deviates from a position 
at or near one of the ends of the media construction 125, 
While the second end bead 140 is both straight and never 
deviates from a position at or near one of the ends of the 
media construction 125. The ?utes 124 and end beads 138, 
140 provide the media construction 125 that can be formed 
into ?lter construction 100 and be structurally self-support 
ing Without a housing. 

[0074] When using media constructed in the form of 
media construction 125, during use, un?ltered ?uid, such as 
air, enters the ?ute chambers 136 as indicated by the shaded 
arroWs 144. The ?ute chambers 136 have their upstream 
ends 146 open. The un?ltered ?uid ?oW is not permitted to 
pass through the doWnstream ends 148 of the ?ute chambers 
136 because their doWnstream ends 148 are closed by the 
second end bead 140. Therefore, the ?uid is forced to 
proceed through the ?uting sheet 130 or face sheets 132. As 
the un?ltered ?uid passes through the ?uting sheet 130 or 
face sheets 132, the ?uid is cleaned or ?ltered. The cleaned 
?uid is indicated by the unshaded arroW 150. The ?uid then 
passes through the ?ute chambers 134 (Which have their 
upstream ends 151 closed) to ?oW through the open doWn 
stream end 152 (FIG. 12) out the ?uted construction 122. 
With the con?guration shoWn, the un?ltered ?uid can ?oW 
through the ?uted sheet 130, the upper facing sheet 132A, or 
loWer facing sheet 132B, and into a ?ute chamber 134. 

[0075] Typically, the media construction 125 Will be pre 
pared and then Wound to form the rolled ?lter construction 
100 (FIGS. 3 and 12) of ?lter media. When this type of 
media is selected for use, the media construction 125 pre 
pared includes the sheet of corrugations 123 secured With 
the end bead 138 to the bottom face sheet 132B (as shoWn 
in FIG. 11, but Without the top face sheet 132A). In these 
types of arrangements, the media construction 125 Will 
include a leading edge at one end and a trailing edge at the 
opposite end, With a top lateral edge and a bottom lateral 
edge extending betWeen the leading and trailing edges. By 
the term “leading edge,” it is meant the edge that Will be 
initially turned or rolled, such that it is at or adjacent to the 
center or core of the rolled construction. The “trailing edge” 
Will be the edge on the outside of the rolled construction, 
upon completion of the turning or coiling process. 

[0076] The leading edge and the trailing edge should be 
sealed betWeen the corrugated sheet 123 and the bottom face 
sheet 132B, before Winding the sheet into a coil, in these 
types of media constructions 125. While a number of Ways 
are possible, in certain methods, the seal at the leading edge 
is formed as folloWs: (a) the corrugated sheet 123 and the 
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bottom face sheet 132B are cut or sliced along a line or path 
extending from the top lateral edge to the bottom lateral edge 
(or, from the bottom lateral edge to the top lateral edge) 
along a ?ute 124 forming a peak 126 at the highest point (or 
apex) of the peak 126; and (b) sealant is applied betWeen the 
bottom face sheet 132B and the sheet of corrugations 123 
along the line or path of cut. The seal at the trailing edge can 
be formed analogously to the process of forming the seal at 
the leading edge. While a number of different types of 
sealant may be used for forming these seals, one usable 
material is a non-foamed sealant available from H. B. Fuller 
of St. Paul, Minn., identi?ed under the designation HL0842. 

[0077] When using the media construction 125, it may be 
desired by the system designer to Wind the construction 125 
into a rolled construction of ?lter media, such as the ?lter 
construction 100 of FIG. 12. FIG. 12 is a schematic, end 
vieW of the media pack 3. Avariety of Ways can be used to 
coil or roll the media. The media construction 125 may be 
Wound about a center mandrel or other element to provide a 
mounting member for Winding. The center mandrel may be 
removed or left to plug to act as a core at the center of the 
cylindrical ?lter construction 100. It can be appreciated that 
non-round center Winding members may be utiliZed for 
making other ?ltering construction shapes, such as ?lter 
constructions having an oblong, oval, rectangular, or race 
track-shaped pro?le, and can be usable in ?ltering systems 
herein. Various ?lter constructions With non-circular (as Well 
as circular) cross-sections are described in co-pending, com 
monly assigned, US. patent application Ser. No. , 
entitled, “Filter Arrangement; Sealing System; and Meth 
ods,” ?led the same date hereWith, and herein incorporated 
by reference. Further vieW of various ?lter constructions that 
may be usable herein are depicted in copending and com 
monly assigned US. patent application Ser. No. , 
?led the same day hereWith, and entitled, “Filter Element 
Having Sealing System,” herein incorporated by reference. 

[0078] Still in reference to FIG. 11, the media construc 
tion 125 can also be Wound Without a mandrel or center core. 
One method of forming a coreless rolled construction is as 
folloWs: (a) the troughs 128 of the ?rst feW corrugations of 
the corrugated sheet 123 spaced from the leading edge are 
scored from the top lateral edge to the bottom lateral edge 
(or from the bottom lateral edge to the top lateral edge); for 
example, the ?rst four corrugations from the leading edge 
Will have a score line cut along the troughs 128; (b) the bead 
140 of sealant is applied along the top of the sheet of 
corrugation 123 along the lateral edge opposite from the 
lateral edge having end bead 138; (c) the leading edge is 
initially turned or rolled over against itself and then pinched 
together to be sealed With the sealant bead 140; and (d) the 
remaining corrugated sheet 123 having the bottom face sheet 
132B secured thereto is coiled or rolled or turned around the 
pinched leading edge. 

[0079] In other methods, coreless constructions can be 
made from the media construction 125 by automated pro 
cesses, as described in US. Pat. Nos. 5,543,007 and 5,435, 
870, each incorporated by reference herein. In still other 
methods, the media construction can be rolled by hand. 

[0080] When using rolled constructions, such as the ?lter 
construction 100, the system designer Will Want to ensure 
that the outside periphery of the construction 100 is closed 
or locked in place to prevent the ?lter construction 100 from 
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unwinding. There are a variety of Ways to accomplish this. 
In some applications, the outside periphery is Wrapped With 
a periphery layer. The periphery layer can be a non-porous, 
adhesive material, such as plastic With an adhesive on one 
side. When this type of layer is utiliZed, the periphery layer 
prevents the ?lter construction 100 from unWinding and 
prevents the ?uid from passing through the outside periph 
ery of the ?lter construction 100, maintaining straight 
through ?oW through the ?lter construction 100. 

[0081] In some applications, the ?lter construction 100 is 
secured in its rolled construction by sealing the trailing edge 
of the media construction 125 With an adhesive or sealant 
along a line 179 (FIG. 2) to secure the trailing edge to the 
outside surface of the ?lter construction 100. For example, 
a bead of hot-melt may be applied along the line 179. 

[0082] Attention is again directed to FIG. 12. In FIG. 12, 
the second ?oW face 110 is shoWn including the open ends 
152 and closed ends 148. Top and bottom plan vieWs, as Well 
as side elevational vieWs of the media pack 3 and the sealing 
system 4 usable in the systems and arrangements described 
herein are depicted in copending and commonly assigned 
US. patent application Ser. No. , ?led the same day 
hereWith, and entitled, “Filter Element Having Sealing Sys 
tem,” herein incorporated by reference. 

[0083] F. The Sealing System 4 

[0084] Turning back to FIG. 3, the media pack 3 is shoWn 
installed in a housing 2. In the arrangement shoWn, air ?oWs 
into the housing 2 at 306, through the media pack 3, and out 
of the housing 2 at 307. When media constructions such as 
the media pack 3 of the type shoWn are used in a duct or 
housing 2, sealing system 4 Will be needed to ensure that air 
?oWs through the media pack 3, rather than bypass it. 

[0085] The particular sealing system 4 depicted includes a 
frame construction 170 and a seal member 250. When this 
type of sealing system 4 is used, the frame construction 170 
provides a support structure or backing against Which the 
seal member 250 can be compressed to form a radial seal 
172 With the housing 2. 

[0086] Attention is further directed to FIGS. 2, 3 and 12. 
FIG. 2 is a schematic, perspective vieW of the sealing 
system 4; FIG. 3 is a schematic, cross-sectional vieW of the 
media pack 3 installed in the housing 2; and FIG. 12 is a 
schematic, end vieW of the sealing system 4 and the media 
pack 3. 

[0087] In general, When using frame constructions 170 
such as those described herein, the frame construction 170 
Will include a frame 205. The frame 205 may be a variety of 
shapes. In the particular embodiment illustrated in FIG. 3, 
the shape of the frame 205 is generally circular. The frame 
205 depicted in FIG. 3 is convenient in that it is arranged 
and con?gured for attachment to the second ?oW face 110 
(FIG. 2) of the ?lter construction 100. 

[0088] In the particular arrangement depicted, the frame 
205 has a band, skirt, or depending lip 251 that is generally 
circular and has an inside diameter. Preferably, the inside 
diameter is approximately equal to the outside diameter of 
the ?lter construction 100. The depending lip 251 depends or 
extends doWn a ?rst distance from a bottom 252 surface of 
cross braces 210 (FIG. 12). The depending lip 251 is 
arranged and con?gured to extend radially around the sec 
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ond ?oW face 110 the ?lter construction 100. In the particu 
lar embodiment depicted, the depending lip 251 extends 
radially around the second ?oW face 110 of the ?lter 
construction 100, such that the depending lip 251 extends 
inboard the ?rst distance of the second ?oW face 110 of the 
?lter construction 100, de?ning an overlap region 255. 

[0089] The frame 205 is preferably secured to the ?lter 
construction 100. Avariety of Ways to secure the frame 205 
to the ?lter construction 100 are possible. One particularly 
preferred Way to secure the frame 205 to the ?lter construc 
tion 100 is by use of an adhesive. In the particular embodi 
ment depicted in FIG. 3, the adhesive is oriented in the 
overlap region 255 betWeen the depending lip 251 and the 
?lter construction 100. 

[0090] Preferably, the adhesive permanently af?xes the 
frame 205 to the ?lter construction 100 While preventing the 
?uid from leaking out through the overlap region 255 
betWeen the ?lter construction 100 and the frame 205. In 
alternative embodiments, the frame 205 may be temporarily 
attached to the ?lter construction 100. By the term “tempo 
rarily,” it is meant that the frame 205 may be removed from 
the ?lter construction 100 Without damaging either the 
sealing system 4 or the ?lter construction 100. 

[0091] Referring to FIG. 12, during use of frames 205 of 
the type depicted herein, inWard forces are exerted around 
the circumference of the frame 205. Cross braces 210 
support the frame 205. By the term “support,” it is meant 
that the cross braces 210 prevent the frame 205 from radially 
collapsing under the forces exerted around the circumfer 
ence of the frame 205. 

[0092] Referring again to FIG. 3, the particular frame 
construction 205 depicted preferably includes a tip portion 
263, or annular sealing support. In the one depicted in FIG. 
3, the tip portion 263 is generally circular and is arranged 
and con?gured for insertion into the housing 2. When 
circular, the tip portion 263 de?nes an inside diameter. 
BetWeen the tip portion 263 and the depending lip 251, the 
frame 205 includes a step 253. The step 253 provides a 
transition area betWeen the larger inside diameter of the 
depending lip 251 and the smaller inside diameter of the tip 
portion 263. 

[0093] When constructed according to the arrangement 
shoWn in FIG. 3, the tip portion 263 provides support for the 
compressible seal member 250. The compressible seal mem 
ber 250 is preferably constructed and arranged to be suf? 
ciently compressible to be compressed betWeen the tip 
portion 263 of the frame 205 and a sideWall 260 of the 
housing 2. When suf?ciently compressed betWeen the tip 
portion 263 and the sideWall 260, a radial seal 172 is formed 
betWeen the media pack 3 and the sideWall 260 of the 
housing 2. 

[0094] A variety of Ways are possible to secure the seal 
member 250 to the tip portion 263. One particularly conve 
nient and preferred Way is by molding the seal member 250 
to engage, cover, or overlap both the outer radial side 271 of 
the tip portion 263 and the inner radial side 270 of the tip 
portion 263, including the end tip 180. One particular 
embodiment of this con?guration is depicted in FIG. 3. The 
seal member 250 completely covers the tip portion 263. 

[0095] The tip portion 263 of the frame 205 de?nes a Wall 
or support structure betWeen and against Which the radial 
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seal 172 may be formed by the compressible seal member 
250. The compression of the compressible seal member 250 
at the sealing system 4 is preferably suf?cient to form a 
radial seal under insertion pressures of no greater than 80 
pounds, typically, no greater than 50 pounds, for example, 
about 20-30 pounds, and light enough to permit convenient 
and easy change out by hand. Preferably, the amount of 
compression of the compressible seal member 250 is at least 
?fteen percent, preferably no greater than forty percent, and 
typically betWeen tWenty and thirty-three percent. By the 
term “amount of compression,” it is meant the physical 
displacement of an outermost portion of the seal member 
250 radially toWard the tip portion 263 as a percentage of the 
outermost portion of the seal member 250 in a resting, 
undisturbed state and not installed Within a duct or subject 
to other forces. 

[0096] Attention is directed to FIG. 5. FIG. 5 is an 
enlarged schematic, fragmented vieW of a particular pre 
ferred seal member 250 in an uncompressed state. In the 
preferred embodiment shoWn, the seal member 250 has a 
stepped cross-sectional con?guration of decreasing outer 
most dimensions (diameter, When circular) from a ?rst end 
264 to a second end 265, to achieve desirable sealing. 
Preferred speci?cations for the pro?le of the particular 
arrangement shoWn in FIG. 5 are as folloWs: a polyurethane 
foam material having a plurality of (preferably at least three) 
progressively larger steps con?gured to interface With the 
sideWall 260 (FIG. 3) and provide a ?uid-tight seal. 

[0097] The compressible seal member 250 de?nes a gra 
dient of increasing internal diameters of surfaces for inter 
facing With the sideWall 260. Speci?cally, in the example 
shoWn in FIG. 5, the compressible seal member 250 de?nes 
three steps 266, 267, 268. The cross-sectional dimension or 
Width of the steps 266, 267, 268 increases the further the step 
266, 267, 268 is from the second end 265 of the compress 
ible seal member 250. The smaller diameter at the second 
end 265 alloWs for easy insertion into a duct or housing, such 
as the housing 2 of FIG. 3. The larger diameter at the ?rst 
end 264 ensures a tight seal. 

[0098] In general, for a properly functioning radially seal 
ing structure, the compressible seal member 250 needs to be 
compressed When the element is mounted in the housing 2 
(FIG. 3). In many preferred constructions, it is compressed 
betWeen about ?fteen percent and forty percent (often about 
tWenty to thirty-three percent) of its thickness, in the thickest 
portion, to provide for a strong robust seal, yet still be one 
that can result from hand installation of the element With 
forces on the order of 80 pounds or less, preferably 50 
pounds or less, and generally 20-30 pounds. 

[0099] Referring back to FIG. 3, in general, the media 
pack 3 and sealing system 4 can be arranged and con?gured 
to be press-?t against the sideWall 260 of the housing 2 or 
duct. In the speci?c embodiment shoWn in FIG. 3, the 
compressible seal member 250 is compressed betWeen the 
sideWall 260 and the tip portion 263 of the frame 205. After 
compression, the compressible seal member 250 exerts a 
force against the sideWall 260 as the compressible seal 
member 250 tries to expand outWardly to its natural state, 
forming the radial seal 172 betWeen and against the tip 
portion 263 and the sideWall 260. 

[0100] Referring back to FIG. 12, in the particular 
embodiment illustrated, the media pack 3 also includes a 
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retention system 280 for retaining the secondary element 6 
(FIG. 3) Within the secondary element chamber 22 (FIG. 3). 
Stated in other Words, the retention system 280 prevents the 
secondary element from axially slipping out of the second 
ary element chamber 22 Within the housing 2 (FIG. 3). 

[0101] In the particular embodiment illustrated in FIG. 12, 
the retention system 280 includes ?rst, second, and third 
retention extensions 281, 282, 283. Preferably, the retention 
extensions 281, 282, 283 are integral With the compressible 
seal member 250 of the sealing system 4. Typically, the 
retention extensions 281, 282, 283 radially extend toWard 
the center of the media pack 3 as illustrated. While a variety 
of con?gurations are contemplated, the particular embodi 
ment illustrated shoWs the retention extensions 281, 282, 
283 as having a semi-oval or quarter-moon cross-sectional 
shape. 

[0102] Referring to FIG. 3, the retention extensions 281, 
282, 283 (FIG. 12) are con?gured and arranged to touchably 
engage the secondary element 6 Within the housing 2. 
Speci?cally, the second retention extension 282 is illustrated 
in FIG. 3 radially extending toWard the center of the media 
pack 3 overlapping With an outside edge 285 of a frame 
construction 402 of the secondary element 6. The second 
retention extension 282 extends in overlapping engagement 
With the outside edge 285 of the secondary element 6 such 
that there is axial abutment betWeen the retention extension 
282 and a frame of the secondary element 6. This ensures 
that the secondary element 6 is locked or secured Within the 
secondary element chamber 22 and prevented from axially 
slipping Within the housing 2. The ?rst and third extensions 
281, 283, likeWise, touchably engage and axially abut the 
frame of the secondary element 6 to retain the secondary 
element 6 Within the secondary element chamber 22. As 
such, the secondary element 6 Will be trapped betWeen the 
stop surface 87 and the ?rst, second, and third retention 
extensions 281, 282, and 283. 

[0103] In alternative embodiments, the retention exten 
sions may be of other siZes or shapes, and the retention 
system 280 may include other numbers of retention exten 
sions. The particular arrangement depicted is preferred in 
that it lends itself to convenient manufacturing techniques 
and is ornamental, eye-catching, and attractive. 

[0104] G. The Secondary Element 6 

[0105] Attention is directed to FIG. 10. FIG. 10 depicts an 
exploded, perspective vieW of the secondary element 6, 
shoWn in the air cleaner 1 of FIGS. 2 and 3. 

[0106] In general, the secondary element 6 includes a 
frame construction 402 and a region of media 404. In 
preferred constructions, the frame construction 402 is usable 
for holding and supporting the region of media 404. Pref 
erably, the media 404 is for removing at least some particu 
lates from a gas stream (that is, particulates having a 
smallest outermost dimension that is larger than a largest 
pore siZe of the media 404). For example, the media 404 can 
be used to remove particulates from air being taken into an 
engine. 

[0107] In preferred systems, the media 404 preferably is 
constructed and arranged to introduce little restriction into 
the air intake duct. For example, the secondary element 6 
including the media 404, in some arrangements, Will have a 
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restriction of no more than tWo inches of Water, preferably 
no more than one inch of Water. 

[0108] The region of media 404 Within the periphery of 
the frame construction 402, in the embodiment depicted in 
FIG. 10, is nonpleated and noncylindrical. Further, in the 
particular FIG. 10 embodiment, the region of media 404 is 
nonWoven and comprises not more than a single layer. The 
particular type of media 404 depicted in FIG. 10 includes a 
region of depth media, such as ?brous media. 

[0109] When media 404 of the type depicted in FIG. 10 is 
assembled in the frame construction 402 depicted in FIG. 
10, the media 404 Will include a ?ltering portion 406 and a 
skirted portion 408 as illustrated in FIG. 2. The ?ltering 
portion 406 Will operate to remove contaminants and par 
ticulates having a siZe (i.e., smallest outermost dimension) 
greater than the pore siZe of the media 404 from an air or gas 
stream passing therethrough. For example, With certain 
types of media 404 described herein, the ?ltering portion 
406 Will remove about 50% of dust particles having an 
average particle siZe (smallest outermost dimension) of less 
than 1-10 microns passing therethrough. 

[0110] The skirted portion 408 preferably operates to 
cooperate With an annular surface of a duct, such as the 
secondary element chamber interior Wall 269 to occupy or 
?ll a volume betWeen the Wall 269 and the secondary 
element 6 and create a “sealing effect.” By the term “sealing 
effect,” it is meant that high restriction is introduced in the 
volume betWeen the periphery of the frame construction 402 
and an inner Wall portion 269 of the housing 2; While some 
air or gas may be alloWed to pass through the region betWeen 
an outer periphery of the frame construction 402 and the 
annular surface of the housing 2, the air or gas that does pass 
through, for the most part, Will pass through the media in the 
skirted portion 408. This is described further beloW. 

[0111] Still in reference to FIG. 10, the particular frame 
construction 402 depicted in FIG. 10 includes an outer 
periphery 410. The outer periphery 410 de?nes a perimeter 
area 412 thereWithin. In other Words, in the speci?c con 
?guration depicted in FIG. 10, the perimeter area 412 
comprises the entire region Within the outer periphery 410. 
The outer periphery 410 may have a variety of shapes. In the 
particular embodiment shoWn in FIG. 10, the outer periph 
ery 410 is circular. In the particular embodiment of FIG. 10, 
the perimeter area 412 Would include everything Within the 
circular periphery 410 and can be calculated by squaring the 
radius of the circular outer periphery 410 and multiplying it 
by pi (n). 
[0112] When constructed in the Way shoWn in FIG. 2, the 
?ltering portion 406 occupies or ?lls the entire perimeter 
area 412 (FIG. 10). When cleaning a gas stream passing 
therethrough, by occupying the entire perimeter area 412, 
there are no regions of un?ltered areas that the gas stream 
may escape through. As can also be seen in FIG. 2, 
preferably the skirted portion 408 eXtends outside of the 
outer periphery 412 and is not part of the perimeter area 410. 
In the particular arrangement shoWn in FIG. 2, the skirted 
portion 408 eXtends both outside and radially projects from 
the outer periphery 412. In FIG. 2, it can be seen that the 
media 404 (FIG. 10) includes an outermost edge or periph 
ery at 414. This outermost edge 414 is spaced from the outer 
periphery 412, When the secondary element 6 is not installed 
in a duct or tubular construction. 
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[0113] In some preferred constructions, the frame con 
struction 402 is a multi-piece construction. In the particular 
arrangement depicted in FIG. 10, the frame construction 
402 is a tWo-piece construction. In the particular FIG. 10 
embodiment, the frame construction 402 includes ?rst and 
second frame pieces 416, 418. The ?rst and second frame 
pieces 416, 418 preferably are constructed and arranged to 
hold the media 404 Within the housing 2, While providing 
suf?cient structural integrity to prevent collapse under air 
pressure. 

[0114] When a multi-piece frame construction 402 is used, 
there Will include structure or a construction holding the 
multiple pieces together With the media 404. In the particular 
illustrated arrangement, the ?rst and second frame pieces 
416, 418 include a locking arrangement 420, constructed 
and arranged to permit the ?rst and second pieces 416, 418 
to lock, or ?t, or snap, or matably engage together. In 
preferred arrangements, the locking construction or arrange 
ment 420 holds the region of media 404 betWeen the ?rst and 
second frame pieces 416, 418 to securely hold the media 404 
in place and under suf?cient tension to minimiZe the restric 
tion through the media 404. 

[0115] A variety of locking arrangements 420 may be 
implemented. In the particular construction illustrated, the 
locking arrangement 420 includes a bead and recess system. 
That is, preferably, at least one of the ?rst and second frame 
pieces 416, 418 has a projection, such as a bead, While the 
other of the ?rst and second frame pieces 416, 418 has a 
cooperating recess or indent for receiving the bead. In the 
particular illustrated embodiment depicted in FIG. 10, the 
?rst frame piece 416 de?nes a recessed portion 422, While 
the second frame piece 418 de?nes a projection or bead 
member 424 for projecting or snapping therein. 

[0116] In certain preferred arrangements, the frame con 
struction 402 Will include a handle system for permitting the 
convenient installation and removal of the secondary ele 
ment 6 from the housing 2. Many different types of handle 
systems may be implemented. One particularly preferred 
embodiment of a handle system is illustrated in FIG. 10. In 
the particular FIG. 10 embodiment, the ?rst frame piece 416 
includes a ?rst handle construction 440. While a variety of 
constructions are contemplated herein, in the embodiment 
shoWn in FIG. 10, the ?rst handle construction 440 includes 
a plurality of ribs 442 radially extending from the ?rst region 
444 of the ?rst frame piece 416. In the embodiment shoWn, 
the ribs 442 intersect at a center frame member 446. The ribs 
442 and center frame member 446 provide structure for a 
user to grasp When handling the secondary element 6, for 
eXample When changing out the secondary element 6. 

[0117] In certain preferred constructions, the ?rst handle 
construction 440 including the ribs 442 and center frame 
member 446 also provide support structure to the frame 
construction 402. Again, the frame construction 402 should 
have sufficient structural integrity to prevent collapse under 
air intake pressures, that can typically range from at least 25 
in. of Water, and can be up to 100 inches of Water. In 
addition, the ?rst handle construction 440 helps to maintain 
suf?cient tension in the media 404 to minimiZe the restric 
tion through the media 404. 

[0118] LikeWise, the second frame piece 418 includes a 
second handle construction 450. While a variety of con 
structions are contemplated herein, in the embodiment 














