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2,968,361 
FILTERS FOR GASES 

Kenneth Ernest Buckman, Redbridge, England, assign'or 
to General Motors Corporation, Detroit, Mich., a cor 
poration of Delaware 

Filed May 11, 1959, Ser. No. 812,376 
Claims priority, application Great Britain May 12, 1958 

3 Claims. (Cl. 183-71) 

This invention relates to ?lters for ?uids, and more 
particularly to air ?lters. Such ?lters are commonly 
?tted to the air intakes of internal combustion engines 
and may incorporate means for silencing the ?ow of air 
through the ?lter. 
From one aspect, the invention is an air ?lter casing 

comprising an upper and a lower shell within which are 
a pair of opposed recessed portions or shoulders respec 
tively adapted to engage opposite ends of a hollow ?lter 
element of pleated ?lter paper or like material so as to 
locate the element within the casing, said shells being 
adapted to be secured with opposite ends of the element 
clamped therebetween and said casing having one or more 
'air inlet passages by which air entering the casing is 
brought into contact with the exterior of the element, one 
of the shells having an air outlet passage for the delivery 
of ?ltered air from the interior of the element. 
The air inlet passages are preferably arranged so that 

air entering the casing is directed downwardly over the 
exterior of the element from the upper end thereof. 
The recessed portions or shoulders may be respectively 

integral with the shells; alternatively one of the recessed 
portions or shoulders may beformed on a separate mem 
ber carried by one of the shells and adapted to be resili 
ently pressed against one end of the ?lter elements when 
the two shells are secured together. 
The two shells may be secured together by a nut and 

bolt connection or by means of a securing member which 
engages in aligned apertures at diametrically opposed 
points on the two shells. 
The casing may have one or more openings in the lower 

part thereof to permit the ejection therefrom of dust or 
other solid particles which fall off the exterior of the 
?lter element; such openings may be formed in one of 
the shells or may be between adjacent peripheral portions 
of the two shells. . 
From another aspect the invention comprises such a 

?lter casing with such a pleated ?lter element therein to 
form an air ?lter. 

Preferably the ?lter element comprises ‘a strip of sheet 
?lter material joined at its ends and folded about trans 
verse fold lines to form a series of accordion pleats the 
ends of each of which are sealed'by means of adhesive ap 
plied‘ to opposite longitudinal edge portions of the strip 
on one side thereof, ‘adjacent pleats, and the two parts of 
each pleat, being spaced from each other by dimples or 
like spacer formations impressed in the strip; and the 
recessedportions or shoulders preferably each carry a 
gasket adapted to provide sealing contact with an end of 
the element adjacent the inner peripheral portion thereof. 
The invention also extends to the construction and 

mounting of the pleated ?lter element. 
The scope of the invention is de?ned by the appended 

claims; and the invention and how it can be performed is 
hereinafter particularly described with reference to the 
accompanying drawings in which: > 

Figure 1 is a plan of a portion of a strip of ?lter paper; 
Figure 2 is a section on the line II—II of Figure 1; 
Figure 3 is a diagrammatic end view illustrating how 
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the strip of ?lter paper in Figure 1 is folded to form a 
?lter element; 

Figure 4 is a vertical section through a pleated ?lter 
element; 

Figure 5 is an end view of part of the ?lter element 
shown in Figure 4; ' 

Figure 6 is an elevation of one embodiment of an air 
?lter for an internal combustion engine; 

Figure 7 is an inverted plan of Figure 6; 
Figure 8 is a vertical section on the line VIII—VIII of 

Figure 6; 
Figure 9 is a section on the line IX—IX of FigureS; 
Figure 10 is a vertical section through a second embodi 

ment of an air ?lter for an internal combustion engine; 
and 

Figure 11 is a vertical section through a third embodi 
ment of an air ?lter for an internal combustion engine. 

In one preferred embodiment of the invention for use 
as an air cleaner and silencer for an internal combustion 
engine the ?lter element comprises a strip of ?lter paper 1 
(Figures 1 and 2) impregnated with a thermosetting 
synthetic resin to give it a desired degree of porosity 
and stiffness. 
Along each longitudinal edge of the strip 1 there is ap 

plied a strip of adhesive 2; and at regular intervals length 
wise of the paper strip there is impressed therein a series 

?fa 

ice 

of parallel fold lines 3. The areas of the strip 1 between 
the fold lines 3 are also impressed with sets of dimples or 
like formations 4, 5, 6, 7 and 8. 

' The strip 1 is then folded in Zig-zag fashion about the 
fold lines 3 to form a series of accordion pleats 10 the‘ 
ends of which are sealed by bringing into apposition, and 
if necessary applying pressure to, the end portions of each 
part of a pleat 1i] coated with the adhesive 2. 
The two ends of the strip are then joined so as to form 

the pleated strip 1 into a hollow ?lter element 11 in which 
the folds 12 at the outer periphery thereof are free but 
the folds 14 at the inner periphery are held contiguous 
to each other because of the sealed ends of the pleats 
10. A strip 15 of paper is preferably secured by adhe 
sive to the pleat folds 14 at the inner periphery of the 
element 11 at each end thereof, these strips 15 reinforc 
ing the element 11, against peripheral tension thereon 
and improving the seal between the parts of the inner 
end portions of the pleats 10 at each end of the ele 
ment 11. 
The arrangement of the spacer dimples 4, 5, 6, 7 and 8 

is such that, as shown in Figures 3 to 5, the free outer 
folds 12 of the pleats 10 are spaced from each other by 
sets of abutting dimples 4, 7 on the “dirty air” side of 
adjacent pleats of the ?lter element 11, and the two por 
tions of each pleat 10 are spaced from each other on 
the “clean air” side of the pleats by dimples 6, 8 on one 
portion of each pleat in abutment with a plane surface 
on the other portion of each plea-t, and by dimples 5 on 
said other portion in abutment with a plane surface on 
said one portion. Preferably the pleats are formed with 
U-shaped folds at their inner and outer edges, this being 
conveniently effected by making the fold lines 3 of ap 
proximately W section. A tool for forming such fold 
lines 3 comprises a punch with a ridge of W section 
projecting therefrom and a die with a groove therein the 
section of which is that of a W with the central inverted 
V portion of the W truncated. The positions of the 
punch and die are reversed for alternate fold lines 3. 

After the element 11 has been formed in this way it is 
preferably placed between a pair of formers and sub 
jected to axial compression, the formers being shaped so 
as to form a chamfer of, say, 45° at the ends of the, 
pleats 10 adjacent the inner periphery of the element 11, 
the annular chamfered surface 16 thus formed being ad~ 

. jacent a much less acutely sloping end surface 17 which 
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extends about half way towards the outer periphery of 
the element from the inner periphery thereof at each end 
of the element. Such a construction facilitates proper 
sealing of the element in a casing therefor, as herein 
after described. . 

The casing of the air ?lter, shown in Figures 6 to 9 
comprises an upper shell 20 and a lower shell 21, the 
lower shell 21 having a coaxial recessed portion 22 to 
form a shoulder 23 to receive one end of the element 11. 
The recessed portion 22 may be of elliptical shape, as 
shown in Figure 9, or of circular or other shape, and 
on the shoulder 23 a soft ?exible gasket 24 is secured 
thereto. by adhesive. 
The outer peripheral portion 25 of the lower shell 21 

is downwardly stepped and has secured thereto a silencer 
chamber 26, which communicates with the interior of 
the element _11 by way of one or more openings 27 in the 
central recessed portion 22 of the lower shell 21 and has 
a lateral outlet opening 28 to which is secured a ?anged 
connector pipe 29. 
The upper shell 20 has a peripheral wall 30 which 

is of D shape in plan and of a greater depth than that 
of the element; and the angular corner portions of the 
D-shaped wall 30 have secured therewithin arcuate pieces 
or ?llets 31 which extend from the plane of the upper 
end of the element 11 to the lower end of the upper 
shell 20 so that the upper shell 20 has an inner periph 
eral wall which ?ts closely to the outer periphery of’ the 
?lter element 11 and, at its lower end, engages over the 
outer vertical wall 32 of the downwardly stepped periph 
eral portion 25 of the lower shell 21 to form a peripheral 
trough 33 below the lower end of the ?lter element 11. 
The end wall of the upper shell 20 has therein an in 

wardly extending central depression 35 which forms a 
seat for oneend of a helical spring 36 the other end of 
which is secured to the centre of a recessed plate 37 
having a peripheral shoulder or ?ange 38 to which is 
secured a further gasket 39 adapted to be pressed against 
and seal the upper end of the element 11 under the action 
of the spring 36 when the shells 20 and 21 are secured 
together. The lower end of the spring 36 is conveniently 
secured to the plate 37 by forming a central depressed 
portion 40 therein which is continuously or locally 
crimped back at 41 to form a peripheral groove or a 
number of recesses so that the end of the spring 36 can 
be secured to the plate 37 by being clipped into the 
groove or recesses. 
The base of the trough 33 formed by the inter?tting 

peripheral portions of the upper and lower shells 20 and 
21 is preferably formed with one or more openings 42 
to enable dust which falls from the outer surface of 
the ?lter element 11 to be discharged from the casing. 
The openings 42 may be in the form of localised spacesv 
between the adjacent portions of the shells 20 and 21, 
or may be holes or (as shown in Figures 7 and 8), slots, 
and the latter may be half lanced so as to have vanes or 
?ns adjacent thereto which will assist in the formation 
of eddies of air so ‘as to promote the discharge of‘ dust 
through the openings. The openings 42, are preferably 
placed at the lowest point or points on the trough 33 of 
the lower shell 21, ‘and the portions of the shell 21 
adjacent the openings 42 preferably slope downwardly 
towards the slots 42 so as to assist the migration of dust 
towards the openings under the action of gravity and 
vibration. Thus, the base of the trough 33 may slope 
towards its inner periphery. The location and shape of 
the openings 42 is preferably such that air currents with 
in and outside the casing will assist the extraction of the 
dust deposited in the trough 33. 
When assembling the ?lter the ?lter element 11 is 

placed, with its lower end resting on the gasket 24 in 
the lower shell 21, and the plate 37 carrying the other 
gasket39 is placed on the upper‘ end of the element 11, 
the ?ange 38 on thev plate 37 being vuppermost. The 
upper shell 20 is then placed over the lower shell 21,, 
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4 
the upper end of the spring 36 on the plate 37 locating 
itself about said depressed portion 35 in the end wall of 
the upper shell 20 and the spring 36 pressing the plate 
37 downwards so as to bring the gaskets 24 and 39 into 
sealing contact with the ends of the ?lter element 11. 
The upper and lower shells 20, 21 are provided each with 
a pair of diametrically opposed holes in their lower 
peripheral portions and the holes are brought into register 
and the inturned ends 44 of a resilient wire bail or stir 
rup 45 are sprung into the aligned pairs of holes so as 
to secure the two shells 20, 21 together. The middle por 
tion of the bail- 45 is secured by being sprung into posi 
tion over the lower end of the silencer chamber 26, the 
latter conveniently having a recess 46 or like forma 
tion therein to retain the bail 45 in such position. 

In order to provide communication between the out 
let of the air ?lter 28 and a “balance” hole adjacent 
the inlet opening of a carburetter to which the air ?lter 
is to be secured, the connector pipe 29 secured to the 
outlet 28 of the ?lter silencer chamber 26 is made sub 
stantially oval or of other non-circular shape in cross 
section and has at its outer end a ?ange 50 over which 
is crimped the ?ange 51 of a face plate 52 which has 
therein a circular opening 53 adapted to register with 
the inlet opening of the carburetter, and one or more 
additional openings 54, 55 adapted to register at least 
partially with the balance hole or holes on the carburet 
ter. The face plate 52 preferably also has integral exten 
sions 56 adapted to be welded to the lower shell 21 of 
the ?lter so as to impart rigidity to the structure. 
When the ?lter is in operation on an internal combus 

tion engine, air enters the casing by way of the passages 
57 provided between the arcuate ?llets 31 and the angu 
lar corner portions of the D-shaped upper shell 20, the 
air then passing into the space in the upper shell 20 
above the upper end of the ?lter element 11, and then 
downwardly over the outer surface and between the 
pleats 10 of the element 11, through the ?lter element 
11 to the interior thereof, and thence by way of the 
silencer chamber 26 the outlet openings 28 at the end of 
the connector pipe. 

Dust which accumulates on the ?lter element 11 can 
fall freely downwards in the spaces between adjacent 
pleats and into the trough 33 in the lower shell 21, in 
which it will gravitate towards the discharge openings 
42 therein, as the result of vibration of the casing, par 
ticularly when the engine is operating at low speed. Any 
residual dust can be periodically removed from the trough 
33 and the element pleats 10 by brushing. 

It is found that the fall-out of dust from the element, 
and the el?ciency and life of the latter maybe improved 
by lightly coating the outer surface of the element with 
a non-drying oil, using, say 10 to 20 gm. for each 500 
sq. cm. of element area for this purpose. A convenient 
grade of oil is an S.A.E. 2O mineral oil. The oil ap 
parently serves to agglomerate fine particles of dust into 
larger particles which are then more readily detached 
from the element by vibration during its use and have 
less tendency to clog the pores of the ?lter element. 
Other non-drying liquids may also be used. 

In a further embodiment of an air ?lter according to 
the invention, shown in Figure 10, the gasket 39 for 
engagement with the upper end of the ?lter element 11 
is secured to a recessed portion or shoulderv 59 of a plate 
which is integral with the upper shell 60 of the ?lter. 
In this construction the upper and lower shells 60 and 
21 are secured together by means of a bolt 62 secured 
to the base of the silencer chamber 26 and which ex 
tends through a central opening in ‘the recessed portion 
of the upper shell 60, and a wing nut 63 which is tight- I 
ened up on the bolt 62 so as to bring the upper and 
lower gaskets 39 and 24 into sealing engagement with 
opposite ends of the ?lter element 11. 
The construction of this embodiment is otherwise the 

same as; that shown in Figures 6 to 9 and similar refer 
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ences are used in both embodiments to denote similar 
parts. 

In a further embodiment of an air ?lter according to 
the invention shown in Figure 11 and using the ?lter ele— 
ment 11 described above, the ?lter casing comprises an 
upper shell 70 and a lower shell 71, the lower shell 71 
having a recessed portion or shoulder 72 on which is 
secured a sealing gasket 73. The lower shell 71 has a 
central opening 74 therein which forms an outlet for ?l 
tered air. 
The lower end of a ?lter element 11 is seated on the 

gasket 73 and the upper end of the ?lter element is en 
gaged by a further gasket 75 secured on a recessed por 
tion or shoulder 76 of a metal plate 77. The plate 77 
is downwardly pressed when the casing is assembled, as 
hereinafter described so’as to bring the gaskets 75 and 
73 into sealing engagement with opposite ends of the ?l 
ter element 11, by means of a helical spring 78, the low 
er end of which abuts a washer 79 and the upper end 
of which abuts a central depressed portion 80 of the 
upper shell 70. The depressed portion 80 of the upper 
shell 70 has a central opening through which extends a 
bolt 81 which also extends through the spring ‘78, the 
washer 79, plate 77, the hollow space within the element 
11 and the outlet opening 74 in the lower shell 71. The 
lower end of the bolt 81 is threaded at 82 and is adapt 
ed to be engaged in a carburettor to which the air ?lter 
is to be secured. A wire bail 84 is engaged in register 
ing holes formed at diametrically opposed points on the 
lower peripheral portions of the upper and lower shells 
70 and 71, in a manner similar to that described in re 
lation to the embodiment shown in Figures 6 to 9, so 
as to hold the casing in its assembled condition when the 
shell 70 is placed over the shell 71 with the ?lter ele 
ment 11 pressed into engagement with the gaskets 75 
and 73 by the spring 78. The assembled ?lter is then 
secured to the carburettor by tightening up the bolt 81 
so as to bring a ?anged seat member 83 adjacent the out 
let 74 into abutment with a seat surface on the carburet~ 
tor. The central portion of the wire bail is conveniently 
secured in a recess (not shown) on the side wall of the 
shell 70. In this form of construction air is admitted to 
the ?lter casing by way of an air inlet pipe 85 secured 
in an opening in the side wall of the upper shell 70. 
In this form of construction also the trough 86 formed 
in the lower shell 71 to receive dust which falls o? the 
?lter element 11 is not provided with dust ejection open 
ings. 

In all the embodiments of an air ?lter described herein 
it will be noted that the ?lter element 11 is held in sealing 
contact with sealing gaskets at the inner peripheral por 
tions only of the element at opposite ends thereof, each 
pleat 10 of the ?lter element being sealed at opposite ends 
of the pleat for the full width thereof by the sealing of 
the two parts of each pleat with the strips 2 of adhesive. 
The element 11 is also ?exible, as each pleat is free from 
an adjacent pleat, apart from the inner peripheral por 
tion thereof and an element having a given inner periph 
eral length can be ?tted in ?lter casings of ditferent in 
ternal shapes (so that the ?lter element assumes for ex 
ample an elliptical or other shape instead of a circular 
shape), provided that the seat surfaces for the opposite 
ends of the ?lter have the same peripheral length as the 
inner periphery of the ?lter element. 
The treatment of the ?lter element with a non-drying 

oil or other liquid, as previously referred to herein, is 
conveniently effected by spraying the oil on to one side 
of the ?lter paper (the side which will be on the “dirty 
air side” of the element) before it is creased and folded 
to form the ?lter element. 
The required characteristics of the oil or other liquid 

with which the element is treated are that it should not 
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6 
volatilise to any substantial degree during the manu 
facture of the ?lter element, or during the normal life of 
the element in use or when stored; also the oil or other 
liquid should not harden to form a substantially im 
pervious layer on the element during such conditions. 

i[ claim: 
1. In an air ?lter comprising an upper shell, a lower 

shell secured to said upper shell and de?ning a chamber 
therebetween, an annular pleated ?lter element disposed 
in said chamber and spaced from the ends thereof, a 
depression formed in said lower shell and extending into 
said chamber and into said ?lter element, a shoulder 
formed on said lower shell and around said depression, a 
gasket on said shoulder and engaging the inner peripheral 
portion of said ?lter element, a plate having a depression 
formed therein disposed in said chamber, said last named 
depression extending into said ?lter element, said plate 
having a shoulder formed thereon and around said de 
pression, a gasket disposed between said shoulder and 
the inner peripheral portion of the upper end of said ?lter 
element, spring means between said upper shell and said 
plate to sealingly engage said gaskets and said shoulders 
and said ?lter element when said upper and lower shells 
are joined, and means for securing said upper and lower 
shells together. 

2. An air ?lter comprising a D-shaped upper shell, an 
annular lower shell receivable in said upper shell and 
de?ning a chamber therebetween, an annular pleated 
?lter element disposed in said chamber, the pleats of said 
?lter element ‘being adhesively joined at their upper and 
lower edges and spaced by a plurality of spaced and 
abutting dimples impressed therein, an inwardly extend 
ing depression formed in said lower shell and received in 
said ?lter element, an annular shoulder formed in said 
lower shell and about said depression for supporting said 
?lter element, a gasket disposed between the inner pe 
ripheral edge of said ?lter element and said shoulder, a 
plate having an inwardly extending depression formed 
therein engaging the opposite end of said ?lter element 
from said depression in said lower shell, said plate hav 
ing an annular shoulder formed thereon and about said 
depression and overlying the inner peripheral edge of 
said ?lter element, a gasket disposed between said last 
named shoulder and said ?lter element, spring means dis 
posed between said plate and said upper shell to bias 
said plate into engagement with said ?lter element, means 
for securing said upper shell to said lower shell with 
said ?lter element clamped therebetween, a curved plate 
secured to said lower shell and extending into said cham 
ber adjacent the ?at portion of said upper shell, said 
curved plate and the ?at wall of said upper shell de?ning 
air inlet means communicating with said chamber and 
the outer surfaces of the pleats of said ?lter element, 
and air outlet means formed in said lower shell for con 
veying ?ltered air from said air cleaner. 

3. The air ?lter set forth in claim 2 in which said 
lower shell has an opening formed therein for the dis 
charge of solid particles falling from said ?lter element. 
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