1 DESCRI PTION TITLE OF THE | NVENTION: AIR FILTER I NSERT 5 TECHNI CAL
FI ELD [ 0001] The present invention relates to an air filter
insert which is used for trapping fine airborne particles in
air-conditioning systens for buildings, .industrial applications 10
and the like, and particularly relates to a bl ock-shaped air filter
insert by pleating a filter sheet. BACKGROUND ART [0002]
Conventionally, an air filter having an air filter 15 insert
conprising a pleated filter sheet DESEE&IPIIACH filter frane is wdely
used to elimnate dust and airborne contam nants. In general, air is
permtted to pass through an air filter insert by arrangenment of a
separator that maintains a distance between folded filter sheets.

20[ 0003] rITLE Berrexanpientibsreairs FIcase UR8ERProj ecting portions,
which are forned in a filter sheet by enbossing, are used as

separators. The projecting portions arranged between adjacent filter
sheets are projected toward each other so 25 that their top end faces

abut agai Ak RIEARNREREE | N nost
[0001]

The present invention relates to an air filter insert
which is used for trapping fine airborne particles in air-
conditioning systems for buildings, industrial applications

10 and the like, and particularly relates to a block-shaped air
filter insert by pleating a filter sheet.
BACKGROUND ART
[0002]
Conventionally, an air £filter having an air filter
15 insert comprising a pleated filter sheet stored in a filter
frame 1is widely wused to eliminate dust and airborne
contaminants. In general, air is.permitted to pass through
an ai; filter insert by arrangement of a separator that
maintains a distance between folded filter sheets.
20 [0603]

For example, there is a case that projecting portions,
which are formed in a filter sheet by embossing, are used as
separators. The projecting portions arranged between
adjacent filter sheets are projected toward each other so

25 that their top end faces abut against one another. In most



2 cases, the top end faces are bonded with an adhesive and a di stance
bet ween the sheets is maintai ned. PRI OR ART DOCUMENT PATENT DOCUMENT
5[ 0004] PATENT DOCUMENT 1: Japanese Patent No. 2935432 PATENT
DOCUMENT 2: Japanese Patent No. 2935433, SUVMARY OF THE | NVENTI ON
PROBLEM TO BE SOLVED BY THE | NVENTI ON 16[0005] By the way, a
filter sheet to be used in enbossing is designed in consideration of
stretching caused by enbossing. That is, a filter sheet is designed
to have aopbest hitblenesy amud misseperngnikonded Fiehghn pathamivte ared) a
to ensure 15 mnimally required filtering performance even if the
filter sheesthreconestibennehedubetbssisetnahhhgidading enbossi ng.

[ 0006] Wth the design described above, since sections not

st ret chedphRyoenhpRssbogurrgrexcessi vely thick, overall filter

PATENT DOCUMENT

5 [0004]
PATENT DOCUMENT 1: Japanese Patent No. 2935432
PATENT DOCUMENT 2: Japanese Patent No. 2935433
SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

10 [0005]

By the way, a filter sheet to be used in embossing is
designed in consideration of stretching caused by embossing.
That is, a filter sheet is designed to have ample thickness
and mass per unit area (weight per unit area) to ensure

15 minimally required filtering performance even if the filter
sheet becomes thinner due to stretching during embossing.
(00067 .
With the design described above, since sections not
stretched by embossing are excessively thick, overall filter
20 performance may be affected by greater pressure loss due to
excessive filtering performance provided by the filter.
Further, ensuring the effective filtering area of a filter to
improve filtering performance has been considered. However,
a simple method to enlarge the effective filtering area of a

25 filter has not been devised.



20 performance may be affected by greater pressure |oss due to
excessive filtering performance provided by the filter. Further,
ensuring the effective filtering area of a filter to inprove
filtering performance has been conS|der%d However, a sinple nethod
to enlarge the effective filtering area”of a 25 filter has not been
devised. 3 [0007] To address the above issues, an object of
the present invention is to provide an air filter insert having
excel l ent [D0DTéring performance with an enlarged effective filtering
5 area of a filter while using a sinple nmethod to suppress pressure

| oss of the fifrbernddveANS BOR SOLVENG sEie SRGBLENMGEB08]f Acker giregent
to the present invention, an air filter insert 10 for filtering air

having a QheshthbﬁelgtEHCbgb%lue whi ghrarfiikter isReet hsvihgatedellent
includes a plurality of fold walls formed by folding the filter

sheet, angy{i é%&nﬁg‘ﬂt{éﬁdﬂﬁarp@éth%ﬁol  SRESRECA U PRI NGr PO 981 ng

forned by enbossi respective re al |gned Ina fold

1o 1 dhLeon, rere b inst pralect i pord | BBl A0S L ccos

pair 5 Ar'é pr oj'ected "t oward eac er\M
ends t hereof abuttg agalngb e% Q ot her while the second proj ecting
portions BFESPHEFectEd 86 t1t6Tabut on each other. 20[0009] It

is preferable that the second prolectlng portions are
MEANS FOR SOLVING THE PROBLEMS

[0008]
According to the present invention, an air filter insert
10 for filtering air having a block-like structure in which a
filter sheet is pleated includes a plurality of fold walls
formed by folding the filter sheet, and first projecting
portions and second projecting portions formed by embossing
the respective fold walls are aligned in a fold 1line
15 direction. Here, the first projecting portions arranged in
pair of adjacent fold walls are projected toward each other
with top ends thereof abutted against each other while the
second projecting portions are projected so as not to abut on
each other.
20 f0009]

It is preferable that the second projecting portions are
placed respectively at the same positions in the fold line
direction and are projected in the same direction. In this
case, it is more preferable that a part of each of the second

25 projecting portions, which are arranged respectively at the



pl aced respectively at the sane positions in the fold line direction
and are projected in the sane direction. In this case, it is nore
preferable that a part of each of the second 25 projecting portions,
whi ch are arranged respectively at the 4 fold walls, is positioned

i nside the second projecting portion thdt is arranged in a fold wall
adjacent to the fold wall. Further, it is preferable that the second
projecting portions projected in one direction and the second

proj ecti ngobdpoikilass prie egload tiimniche dppdsiet e téhier eceicomdar @rojecting
alternately aligned in the fold |ine direction. The second projecting

portions gbgtﬁzbﬁf emnall yi Projeaieds sthas neldt eambpkedgantaet vu ttheeala
other. [0010] 10It is preferable that a projecting height of the

second proi.ggti ng-portd ons;is ;APRYQEBLAlY Qenstant akeBadd projecti
Iongitudina?qdireégﬁgn the%eo%. Eﬁrther, it 1s preferable thgfqgefogng

paral o) PETERE FoF A SRl CHrrE Ceconl T i) 2 g her i ane Srg o tire

paral | el he secon rojecting portions-a
preferably shaped to extend, perpendicularly toward, a fold |i i_n
bach of t RE¥FOPEowaloa S it hdt | COmeBrOpt 6F ePabPy h8Ph 26F & Itsrarsely

cross-section and a | ongitudi nal, cross-section of the second . .
projectin@lBSP?ﬁoﬂélaFEetF&B@%dFHH?.d?éF@éi?T'FOF“E%aﬁﬁFBPQiPHQ§ECtlng
preferable that the first projecting

portions are preferably projected so as not to make contact

with each other.
[0010]

10 It is preferable that a projecting height of the second
projecting portions is approximately constant along a
longitudinal direction thereof. Further, it is preferable
that a top end face of the second projecting portions is a
flat face which is parallel to the fold wall. The second

15 projecting ©portions are preferably shaped to extend
perpendicularly toward a fold line in each of the fold walls.
Further, one or preferably both of a lateral cross-section
and a longitudinal cross-section of the second projecting
portions are trapezoidal.

20 [0011]

For example, it is preferable that the first projecting
portions extend perpendicularly toward a fold line in each
fold wall and have an increasing a projecting height along a
longitudinal direction thereof. For example, the first and

25 second projecting portions are alternately aligned along a



portions extend perpendicularly toward a fold Iine in each fold wall
and have an increasing a projecting height along a | ongitudinal
direction thereof. For exanple, the first and 25 second projecting
portions are alternately aligned along a fold line direction. EFFECT
OF THE | NVENTI ON [ 0012] According to an’air filter insert of the
present 5 invention, the effective filtering area of a filter can be
enl arged whil e suppressing pressure |loss sinply by the arrangenent of
t he secontblpt qjiact idigrgoridrons. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0013] 10Fig. 1 is a general view of an air filter. Fig. 2is a
per spect ivepiewr |tustmatener@ifil ter sheet before being pl eated.
{0012]
According to an air filter insert of the present
5 invention, the effective filtering area of a filter can be
enlarged while suppressing pressure loss simply by the
arrangement of the second projecting portions.
BRIEF DESCRIPTION OF THE DRAWINGS
[0013]
10 Fig. 1 is a general view of an air filter.
Fig., 2 is a perspective view illustrating a filter sheet
before being pleated.
Fig. 3 is an enlarged perspective view illustrating an

ailr filter insert.

15 Fig. 4 is a cross-sectional view on arrows IV-IV of Fig.

Fig. 5 is a cross-sectional view on arrows V-V of Fig. 3.
Fig. 6 is a side view illustrating the air filter insert

without the first projeﬁting portions.

20 EXPLANATION OF REFERENCES

[0014]

12: Air filter insert

13: Filter sheet

14: Fold wall

25 21: First projecting portion



Fig. .3 is an enlarged perspective view illustrating an air filter
insert. 15Fig. 4 is a cross-sectional viewon arrows |V-I1V of Fig. 3.
Fig. 5is a cross-sectional view on arrows V-V of Fig. 3. Fig. 6 is a
side viewillustrating the air filter ipsert without the first
projecting portions. 20 EXPLANATI ON OF REFERENCES [ 0014] 12: Air
filter insert 13: Filter sheet 14: Fold wall 25 21: First projecting
portion 6 22: Second projecting portion EMBODI MENT OF THE | NVENTI ON
22: Second projecting portion

EMBODIMENT OF THE INVENTION
[0015]
In the following, an embodiment of the present invention
5 will be described with reference to the drawings.

Fig. 1 is a perspective view illustrating an air filter
according to an embodiment of the present invention.

An alr filter 10 is provided with an air filter insert
12 that filters air and an air filter frame 11 that holds the

10 air filter insert 12 and is structured by inserting the air
filter insert 12 inside of the air filter frame 11. The air
filter frame 1l is a rectangular-shaped frame made of wood,
metal such as aluminum, or the like. The air filter insert
12 is a filter material formed into a block shape by pleating

15 a filter sheet 13.

[0016]

Next, a structure of the air filter insert 12 will be
described more specifically. As illustrated in Fig. 2, the
filter sheet 13 is pleated (zigzag) at constant heights along

20 folding lines S extended in a width direction of the sheet 13.
The structure of the air filter insert 12 has a number of
planar fold walls 14 that are overlapping due to the pleating
of the filter sheet 13, as illustrated in Fig. 3. In the
following description, the x-direction denotes a direction in

2% which the fold walls 14 are overlapped. Further, as



[ 0015] In the foll owi ng, an enbodi nent of the present
invention 5 will be described with reference to the draw ngs.

Fig. 1 is a perspective viewillustrating an air filter according to
an enbodi ment of the present invention. An air filter 10 is
provided with an air filter insert 12 f%at filters air and an air
filter frame 11 that holds the 10 air filter insert 12 and is
structured by inserting the air filter insert 12 inside of the air
filter fridiesticative anr Fidted,fraime phsisssa tkertaagultdre shapedfilter
frame made of wood, netal such as alumnum or the like. The air
filter inseydrtl2d sfworii&t &ronat éacal 18ar sedei nbo aa Haladc K sl peSByside
pleating 15 a filter sheet 13. [0016] Next, a structure of the
air filteyr imgerdi 1kzmiddedre descrithad W) ecishati Fd @@l dry.oPSnoving air
illustrated in Fig. 2, the filter sheet 13 is pleated (zigzag) at
constant heighis o7 fol 4l ng Hies ciaxtended d gy Wit h
direction of the sheet"'13. The structure of the air filter insert 12
has a5nquﬁf-ﬁf pl anar fold walls 14 that are overl apping due to the
pleating o ]t e filter sheet 13, as illustrated in Fig. 3. In the
foll owi ng descri pti t he x-direction denate irection.ji.n 25

whi ch the fol gxr{/glﬁggeltr aIF%%(%JV’/Je? alﬂﬁgdpﬁu??ﬁgr%,e%agoﬁ%hq usjtqu:a redSI}enet(
Fig. 3, air passes throu%p the air {ilt r insert, 12 froma front face
13A s de b &5 bheRIf 350 T3E %1 CRPTPLE hBLS i iEFriRar OrRfatP3 s 14

direction of noving air is fromthe upper side to the | ower side in
Fig. 3. 5mbiggn be formed in the shape of the air filter insert 12.

For example, filter paper made of glass fibers or non-woven
10 fabric such as polyolefin series and polyester series is used
as the filter sheet 13. However, as long as a filter sheet
satisfies filtering performance, it is not specifically

limited to the above.

[0018]
15 Large numbers of first and second projecting portions 21,
22 are formed in the filter sheet 13 by embossing. The

filter sheet 13 1s embossed between two rollers with concave-
convex outer circumferential faces in a longitudinal
direction, for example, while being fed through a space

20 between the two rollers. As illustrated in Fig. 2, the first
and second projecting portions 21, 22 are sunk into one face
side (the front face 132 or the back face 13B side) of the
sheet 13 and raised from the other face side (the back face
13B side or the front face 13A side).

25 [0019]



Any filter material may be adopted for the filter sheet 13 as long as
it is capable of filtering airborne particles and can be forned in
the shape of the air filter insert 12. For exanple, filter paper nade
of glass fibers or non-woven 10 fabric such as polyolefin series and
pol yester series is used as the filter %heet 13. However, as long as
a filter sheet satisfies filtering performance, it is not

specifically limted to the above. [0018] 15Large nunbers of first

and second pr djhect ifigrpor t pongeting? acetfionsed 3In tdedfi kher shesnd
13 by enbossing. The filter sheet 13 is enbossed between two rollers
Wi th congavgecanivex mutterorss r enbeeentlitalrrizaeqs, 4l sgiehgalodinal fold
direction, for exanple, while being fed through a space 20 bet ween
the two nahkerds.reAsiidd uski@tiedai Pebt on2ort Redf idide@anti s€€ANdach of
projecting portions 21, 22 are sunk into one face side (the front

face 13A:gc tlda back iacer 13531 dg)eplat Neosheeh 1A0and 1581 980, LATng

the other face side (the back face 13B side or the front

side)s 2pL0%1Rhs 81 in nENGhIS 94 BGELNGPAL! oNS, %jangréd S5 o
second projecting portions Joar e glternately al'ignéd al'ong a folg
line diregtion (wdth di;rection af the sheet 13) in each of the_fold
wal | s 143%Anmlfln (§:r(‘:’\%I ra%’étyv(/eeﬁnahelsfi %g?agiéﬁ et ﬁbeS BT od 230§ -
the fold_ line direction is in_a range of 25 to 75 nmpreferably, and

i s ideal Wm&ﬁaﬁ]{éﬁoP&erlnteré’@lm]?letgieﬁinl &Py SeERCh PEOISICtHEOWEEH tike s
second projecting portions 22 in the fold line direction is in a
range of 225 iy %5 nhepfeféngbldiresidans iglebt | § eangle oo &Y o 36 mn
nm 10[ 0020] The first and second projecting portions 21, 22
forned i predemlabdlyd wakl i%4 ideeldyr angéticabrtlee sdn®Opasi.tions in the
fold line direction, respectively, as the first and second projecting
porti®ns (222022 forned in another fold wall 15 14. That is, in the
filter sheet 13, the first projecting portions 21 and the second

proj ecting porheorsrdd ad CBedbfdl bRedcuRingSRRAINGY 21, tHe formed

| ongi tudi nal direction of the sheet 13, are alternately aligned as

ilTustrajgd denFi @1 wall 14 are arranged at the same positions in
the fold 1line direction, respectively, as the first and
second projecting portions 21, 22 formed in another fold wall

15 14. That 1is, in the filter sheet 13, the first projecting
portions 21 and the second projecting portions 22, which are
lined up respectively in the 1longitudinal direction of the
sheet 13, are alternately aligned as illustrated in Fig. 2.
{0021]

20 The first projecting portions 21 are plurally aligned in
the fold line direction to be projected alternately toward
the front face 13A side and the back face 13B side of each
fold wall 14. That 1is, the plurality of first projecting

portions 21 arranged at the same positions in the fold line

25 direction (i.e., aligned in the longitudinal direction of the



[ 002]1] 20The first projecting portions 21 are plurally aligned in the
fold line direction to be projected alternately toward the front face
13A side and the back face 13B side of each fold wall 14. That is,
the plurality of first projecting portions 21 arranged at the sane
positions in the fold line 25 directior (i.e., aligned in the

| ongi tudi nal direction of the 9 sheet 13) are projected toward the
sane face side (the front face 13A side or the back face 13B side) of
the filteheshedé3)lAreTherefeartesd thevatdirghée t yaoé fhrest sprej dehiengront
portions 21 arranged at the sanme positions in the fold Iine direction

are 5 torheeprnopectier ai ethatiGhyki facdeldBr ecieONo&l @R tfhater sheet
x-direction and in the opposite direction when pleated, as

iIlustrated i phEkr@frode,[ @225 1\Witah it-he o3t rryGlowr It ikRd RRYUGN o
a pair of the 10 adfagént fold malﬁs@§4, 14, th%rgﬁrstlgﬁgject¥%85 21

ortions PLY] e rd ot:her.1.S0 t Jtheir,.
Paces 21A° BTACShAD Sos Aol Coboh (oL Rer, Tt Sharted T ShdoTsaes =xe

21A, 21A [ .\ d ' t Lllustrated I

Cher cbet iBerl® SBEEHSF tERo S S B bl Budlis 14 S5 BPe TSRO 18°% &
bei ng separated. Here, the first projectin ortions 21 that project
Coward t RESPFORPTS el 13A stHE KERPTHEE | G aRiiod 141524 Rktibhefod 25

fromthe front faces 13A, 13A thereof. The first projecting portions
21 that propé&etatedai® HE-back face 13B side keep the fold walls 14,

14 separ?5832§ron1the 20 back faces 13B, 13B thereof. [0023]

With the structure described above, in a pair of the
10 adjacent fold walls 14, 14, the first projecting portions 21
are projected toward each other so that their top end faces
21a, 21A abut against each other. The abutted top end faces
21A, 21A are fixed with adhesive (not illustrated) applied
therebetween, so that the adjacent fold walls 14, 14 are kept
15 from being separated. Here, the first projecting portions 21
that préject toward the front face 13A side keep the fold
walls 14, 14 separated from the front faces 13A, 13A thereof.
The first projecting portions 21 that project toward the back
face 13B side keep the fold walls 14, 14 separated from the
20 back faces 13B, 13B thereof.
[0023]
The plurality of second projecting portions 22 arranged
at the same positions in the fold line direction (i.e.,
aligned in the longitudinal direction of the sheet 13) are

25 projected alternately toward the front face 13% side and the



The plurality of second projecting portions 22 arranged at the sane
positions in the fold line direction (i.e., aligned in the
| ongitudinal direction of the sheet 13) are 25 projected alternately
toward the front face 13A side and the 10 back face 13B side al ong
the longitudinal direction of the sheet!d3. Therefore, the second
projecting portions 22 arranged at the sane positions in the fold
line direction are to be projected in the sane direction along the
x-di rect ibarks en pBBatsididHes Bond heheedandyiprajiectl ngipections 022 the
are not abutted against each other in the air filter insert 12
[ 0024] sheetSimBLarIyrﬁékéfwtéjrSﬂupr%k%@hhngpaeﬂét@m§%21poftﬁbns 22
second projecting portions 22 are plurally aligned in the 10 fold
line direGliapeo e t@{é)lsea%e_egxagitﬁrd??é elry twvaqdi& Q%Je{]%%é@&%nl%e
side and the back face 13B side in each fold wall 14. Therefore, as
(11 ustrated g Fr8iedeeli NEnSREANL LI SELL00: BT LI 8RS 2. Prolecled
on t

one directi ong x-direction and the sécond projecting portions

projected.in 15 the opposjte direction are alternately aligned in the
Bl et e TR O e (7 sPepRbcst s ospip St #0RE pd e

fold Tine ion"ih ai

first and second projecting portions 21, 22 are shaped to extend

perpendiBﬁﬁa?%V%FgﬂaF@a&nﬁgl@aF#héﬁéqq1%%uﬂ?e aiT tllter insert 12.
[(0024]

Similarly to the first projecting portions 21, the
second projecting portions 22 are plurally aligned in the
10 fold line direction to be projected alternately toward the
front face 13A side and the back face 13B side in each fold
wall 14. Therefore, as illustrated in Fig. 3, the second
projecting portions 22 projected in one direction along x-
direction and the second projecting portions 22 projected in
15 the opposite direction are alternately aligned in the fold
line direction in the air filter insert 12.
{0025]
The first and second projecting portions 21, 22 are
shaped to extend perpendicularly toward a fold line S in each
20 fold wall 14. That is, the projecting portions 21, 22 are
extended in the longitudinal direction of the filter sheet 13
and slightly inclined toward the direction of moving air in
the air filter insert 12.
[0026]

25 The first projecting portions 21 are plurally aligned in



20 fold wall 14. That is, the projecting portions 21, 22 are extended
in the longitudinal direction of the filter sheet 13 and slightly
inclined toward the direction of noving air in the air filter insert
12. [0026] 25The first projecting portions 21 are plurally aligned in
11 the longitudinal direction of the shElet 13 and are continuous by
bei ng connected to the adjacent first projecting portion 21 at the
folding line S. That is, the length of the first projecting portions
21 beconeha Hersarmmdasalhelwedtth dri .cef ,tie SHaltdill Al ghtd @fntihtious
fold wall 14. In contrast, the second projecting portions 22 are not

formed i myt heeMigi Bbhhestod the trad didigaddmes s Srand pos kel ngO A&
to the adjacent second projecting portion 22 at the folding I'ine S

That is, shheyseqondrPIQi Gt LRHePEr i 0N5, 225 ar ek uf @l Ly al
di sconti nuously in the Io%gituginal direct%oh o? t%e éﬁﬁekkggﬁfhéfﬁﬁﬁ§

| engt h i ect | i i ;
ol o s RRTGY BRI R L B W 2P % o
Pongr$uasia BB 55 PR RN 0 PR g econe

| ongi T udinal” "di’r ecti“on.
portion 21 Lha%.g&ojects.toma&%nthe front face 13A side gradually
decr ease® P e "G RU TN Of Aoditsy BT RAFTES: A HeighViginikéas of

first prothtiqgﬁfortiQn 21 that projects toward the back face 13B
si de gradti&l 15 B0 1 icl-éBS8s F nabfle adier et omOBNERBEANG @i Ehe adjacent
Accordingly, the distance between front faces 13A, 13A of the
adj acent segladwairics et iny4 ppradeal 122 leéc dines foiokitngr liimet Ife diThedt iien
of noving air and the distance between back faces 13B, 13B gradually
becones kbegesecoenthe pdiofjecttiion ofporidiong ai22. 23e0028lurally aligned
10 discontinuously in the longitudinal direction of the sheet 13
and the length of the second projecting portions 22 are in a
range of one half to two thirds of the folding height.
[0027]
The projecting height of the first projecting portion 21
15 increases along the longitudinal direction. Here, the height
of the first projecting portion 21 that projects toward the
front face 13A side gradually decreases in the direction of
moving air while the height of the first projecting portion
21 that projects toward the back face 13B side gradually
20  increases in the direction of moving air. Accordingly, the
distance between front faces 13A, 13A of the adjacent fold
walls 14, 14 gradually becomes shorter in the direction of
moving air and the distance between back faces 13B, 13B

gradually becomes longer in the direction of moving air.

25 [0028]



12 As illustrated in Figs. 4 and 5, a lateral cross-section of
the first projecting portion 21 is trapezoidal, the w dth thereof
gradual |y decreases froma base end to a top end, and a top end face
21A is a flat face. Here, the width of the 5 base end of the first
projecting portion 21 is approxi mately tonstant in the | ongi t udi nal
direction of the projecting portion 21. [0029] Meanwhile, as
illustrated in Figs. 4 to 6, the lateral 10 cross-section and the

| ongi t udi nal Grosistsextraredfin heigecohdapt.of ecd | T il | Qb PL-sEE€tion
trapezoidal, the width and the | ength thereof gradually decreasing

froma base el forectppoesdtingdpartepnend fiaca mhdsidilf,| atnd agLath
being parallel to the fold wall 14. Here, the width of the second 15

proj ect i ngh U+ th}a%a;a(ﬂﬁ-deéf@aé@tﬂ&a 4 eadOnphd and ¢he é}?&,ﬁ and

end) is approxinmately constant in the |longitudinal direction of the

proj ect | % 1?@;5?&88 F2cel A haagﬁa@ef% < eg%?éh; fiePhdidfe Lid¥ the

portion in arange o to 15 nm preféra I's ideal 'y on

t he order, of 10 201 0030 urt her, the projecti hei ght of the
second priEetTHY %%rE%%n§é%S?spE8H§FﬁﬁPgi%%ﬁE%Qﬁ:gin%%) pproximately

o1 0} oot | FPTGATon 182 PAC bol TR 1APH GBIt Candtkhe MovEt - 25
hei ght of the first projecting portion 21 and is specifically
porticn 21.
[0029]
Meanwhile, as illustrated in Figs. 4 to 6, the lateral
10 cross-section and the longitudinal cross-section of the
second projecting portion 22 are trapezoidal, the width and
the length thereof gradually decreasing from a base end to a
top end, and a top end face 22A is a flat face being parallel
to the fold wall 14. Here, the width of the second
15 projecting portion 22 (e.g., the width at the top end and the
base end) 1is approximately constant 1in the longitudinal
direction of the projecting portion 22. The width at the
base end of the projecting portion 22 is in a range of 5 té
15 mm preferably, and is idezally on the order of 10 mm.
20 [0030]
Further, the projecting height of the second projecting
portion 22 is constant in the direction perpendicular to the
fold 1ine S. The projecting height of the second projecting

portion 22 is between the highest height and the lowest

25 height of the first projecting portion 21 and is specifically



13 in an approximate range of 3 to 5 mmpreferably. This is because
that filtering area of the air filter insert 12 is insufficient when
the height is less than 3 mm and that there is a risk of damagi ng
the filter sheet at the tine of 5 enbosi%ng when the height is

greater than 5 mm [0031] Since t proj ection hei ght of the
second projecting portions 22 is constant, the top end side thereof

is arranged so that it exceeds the fold line Sin the vicinity of the
10 fold limeas appwriosisctr omride afper ise dé, mas prdilmstalated | MhRisg.is
5. Here, as described above, the plurality of second projecting
portions R&ardangedt atfithersage fosd tbOnshien dihe fol¢eti hasdirkeqtd ons
are projected toward the sane direction as each other along the

x- di rect i ook dhend opnend sidenel gh® the sesandimpy0) ectiiy BA! | ORst
22 is smaller than the base end sidé in width and | ength. Therefore,
as il 1lust ' [ 5 he. t e Lde he..s :
projecﬂlﬁyﬁiﬁu%%ngzgig%cégggﬁgﬁééyﬁ(ﬁ%?I?gé§%?igﬁ%ggi?$o§g§DQJme of
partially inside (cancave insid of th as si of the

adj acent C’ssesclonréi "for(:'b]fj1 e@%el nr}lgelp(@%ft ion PTE? %%o@gaﬂqng‘df 3%“ t he second
projectin ortions 22 do not make contact with each other. Here, as
illustrat SR Fig. 6, in the present enbodinent, the plurality of
second projecting portions 22 are arranged at the sane positions in,
the fold |ine Titext tof i Preal ostiepedtdingitst Plictithe §6CPREL BRI AN
of one second projecting 14 portion 22 in the |longitudinal direction
is positirndddnsizie of ettt enthoftamotidrs pio| et el pbd taopanged
and one end of another projecting portion 22 is positioned inside of

t he ot hersentdhat tilte emeqd®oj ehei Mg lpgortimn 22.ir5[082FicinityA®f the
descri bed above, in the present enbodi nent, since the second

proj eoti N ROrtime 22aksviewsrd fhymenhes siphe befivrgn dhei fivstrated in
projecting portions 21, which are separators, the area of the air

filter insgrt 42 capke ipnereasedipbel &bove, the plurality of second
projecting portions 22 arranged at the same positions in the
fold line direction are projected toward the same direction

as each other along the x-direction and the top end side of

15 +the second projecting portions 22 is smaller than the base
end side in width and length. Therefore, as illustrated in
Figs. 5 and 6, the top end side of the second projecting
portion 22 exceeding the fold line S is positioned partially
inside (concave inside) of the base end side of the adjacent

20 second projecting portion 22. Accordingly, the second
projecting portions 22 do not make contact with each other.
Here, as illustrated in Fig. 6, in the present embodiment,

the plurality of second projecting portions 22 are arranged

at the same positions in the fold line direction in a

25 repeating structure so that one end of one second projecting



10 since the second projecting portions 22 do not abut against or

make contact with another projecting portion, the area increased by
the second projecting portions 22 functions directly as an increased
amount of effective filtering area. Thus, the effective filtering
area can be effectively 15 enl arged. Thkh, since sections where the
second projecting portions 22 are arranged becones thin and filtering
performance thereof becones appropriate, pressure |oss across the air
filter insertide TAN DecHsPPELGSEEd asaledl red0033]i20bos i heope@senside
enbodi ment, the second projecting portions 22 placed at the sanme

posi tions,t naﬁggﬂéﬁ?l dnlyl ne diﬁ@ﬁ{é@n?ﬁéfe@fﬁgcﬁaégtﬁant he st one end
direction as each other and a part of each second projecting portion

2o Lot BRSO e e pidan e of o

ortion 22 15 can be set to be relatively |lar d the effective
Filteringo%?%ﬁ 4 %g TG r 8R8 RO T h%?,g%Fﬁ%ggt?g’top end fac;VZZA

of the second grojecting portion 22 is a flat face and the | ateral
cross3sect?@¥2hnd the | ongitudinal cross-section are 5 trapezoidal,
the stiffness of each fold wall 14 can be inproved as well while
ef fectively i mp®odepgrihedf aPeBei ng aFba. Prarehkr abPediBpREe phBCe the
wi dth and hei ght of each second projecting portion 22 are
appr oxi matetyndopsbarttingt pedtdmgi t2R1i hal foirmect ikanh, cmlpessEngopetween
likely to pass through in 10 the direction of noving air. [0034]
Furt her, i fhéheipsesentojesndigrend  t hens e2bnd whriche Griengs goatdbowss 22t he
projected in one direction along the

area of the air filter insert 12 can be increased. Here,

10 since the second projecting portions 22 do not abut against
or make contact with another projecting portion, the area
increased by the second projecting porticons 22 functions
directly as an increased amount of effective filtering area.
Thus, the effective filtering area can be effectively

15 enlarged. Then, since sections where the second projecting
portions 22 are arranged Dbecomes thin and filtering
performance thereof becomes appropriate, pressure loss across
the air filter insert 12 can be suppressed as well.

[0033]

20 In the present embodiment, the second projecting
portions 22 placed at the same positions in the fold line
direction are projected in the same direction as each other
and a part of each second projecting portion 22 is positioned

inside another second projecting portion 22. Accordingly,

25 the projecting height of each second projecting portion 22



x-direction and the second projecting portions 22 projected 15 in the
opposite direction are alternately aligned in the fold line
direction. Accordingly, it becones easy to pass air evenly through
the air filter insert 12 while further inproving the stiffness of the
fold walls 14. 16 CLAINMS [CLAIM 1] 15 An air filter insert for
filtering-air having a block-like structure in which a filter sheet
is pleated, 5 conprising: a plurality of fold walls forned by

folding the, fid t&ir sheale ABfatively 14i4Stamd ofipstdNge@OI+d ONS1 BEE ng
second projecting portions forned by enbossing the respective fold

valls and,ald ooed 1o 103t || NAAAECH Once the Hh® ididlace 222

projecting portions arranged 1n a pair adj] acen s and

projected toward each other.with top ends thereqf abutted i nst
each ot he‘?%, ﬁﬁa second prozﬁcet:'sré%oﬁﬂrg%%?eg?i ng p%r!tﬁl?%ﬁs f%g;f%nga%d the
projected so as not 15 to abut on each ather. [CLAIM 2 The air
filter ins2r3rakcoFAPRg eotErai APE, Titerdiiv it %@éon#%ﬁ%i%%‘ﬁln are
portions are arranged respectively at the same positions alaong the

fol d Bi neteppeeeidml andtH e SIGGfrsissct 8d | Afhe SRR da¥ctilgn. can be

improved as well while effectively improving the filtering

area. Furthermore, since the width and height of each second

projecting portion 22 are approximately constant in the

longitudinal direction, air is more likely to pass through in
10 the direction of moving air.

[0034]

Further, in the present embodiment, the second
projecting portions 22 projected in one direction along the
x—-direction and the second projecting portions 22 projected

15 in the opposite direction are alternately aligned in the fold
line direction. Accordingly, 1t becomes easy to pass air
evenly through the air filter insert 12 while further

improving the stiffness of the fold walls 14.



[ CLAIM.3] The air filter insert according to claim?2, wherein a part
of each of the second projecting portions, which are arranged -
respectively, in the fold walls, is positioned 25 inside the second
projecting portion that is arranged in a 17 fold wall adjacent to
the fold wall. [CLAI M 4] The air ¥$lter insert according to
claim2, wherein the second projecting portions that project in one
direction and 5 the second projecting portions that project in the
opposite direction are alternately akigned in the fold line

direction. [CLAI M 5] The air filter insert according to claim
1, wher ei iy second projecting portions are projected so as not to
make 10 contact wth each other. [CLAIM 6] - The air filter

e e 09, AR50 Bk R AP Bk o 15
the fold ffﬂés'structure in which a filter sheet is ©pleated,
5 comprising:

a plurality of fold walls formed by folding the filter
sheet; and

first projecting portions and second projecting portions
formed by embossing the respective fold walls and aligned in

10 a fold line direction,
| the first projecting portions arranged in a pair of
adjacent fold walls and projected toward each othér with top
ends thereof abutted against each other, and

the second projecting portiocns being projected so as not

15 to abut on each other.
[CLAIM 2]

The air filter insert according to claim 1, wherein the
second projecting portions are arranged respectively at the
same positions along the fold 1line direction and are

20 projected in the same direction.
[CLAIM 3]

The air filter insert according to claim 2, wherein a
part of each of the second projecting portions, which are
arranged respectively, in the fold walls, is positioned

25 inside the second projecting portion that is arranged in a



15[ CLAI M 7] The air filter insert according to claim®6, wherein
at |l east one of a lateral cross-section and a | ongitudi nal
cross-section of the second projecting portions is trapezoidal.

20[ CLAI M 8] The air filter insert according to claim7, wherein
both of the lateral cross-section and thé |ongitudinal cross-section
of the second projecting portions are trapezoidal. [CLAIM9] 25The
air filter insert according to claim®6, wherein a 18 projecting

hei ght oftdihke wsadondjyciactid g poridansyd 51 appr oxi mat el y const ant
along a longitudinal direction thereof. [CLAI M 10] The air

filter inggldrMeoording to claim1l1, wherein a 5 top end face of the
second projecting portions is a flat face that is parallel to the

fold 1. I ; ; T i i | t i 1 _ai
1 herei n et Fitter THEsBLE LEEbeOLANED, B, Tl kiR e
t d 10 fold li i) h fold I d h i i .

or 0y oct | G IR 1E G Thor B RAP  BPECELOREEher ol LA AR nd
The aiLr filter insert according to claim1, wherein the first and

second projfect§ P PoPFPoRSTARE REArASel Y ok i RFRUCIS alordica FRAPLLE

l'ine direction. .
direction are alternately aligned in the fold line direction.

[CLAIM 5]

The air filter insert according to claim 1, wherein the

second projecting portions are projected so as not to make
10 contact with each other.
[CLAIM 6]

The air filter insert according to claim 1, wherein the
second projecting portions are shaped to extend
perpendicularly toward a fold line in each of the fold walls.

15  [CLAIM 7}

The air filter insert according to claim 6, wherein at
least one of a lateral cross-section and a longitudinal
cross—section of the second projecting portions is
trapezoidal.

20 [CLAIM 8]

The air filter insert according to claim 7, wherein both
of the lateral cross-section and the longitudinal cross-
section of the second projecting portions are trapezoidal.
{CLAIM 9]

25 The air filter insert according to claim 6, wherein a



10

15

18

projecting height of the second projecting portions is
approximately constant along a longitudinal direction thereof.
[CLAIM 10]

The air filter insert according to claim 1, wherein a
top end face of the second projecting portions is a flat face
that is parallel to the fold wall.

[CLAIM 11]

The air filter insert according to claim 1, wherein the
first projecting portions extend perpendicularly toward a
fold line in each fold wall and have an increasing projecting
height in a longitudinal direction thereof.

[CLAIM 12]

The air filter insert according to claim 1, wherein the

first and second projecting portions are alternately aligned

along a fold line direction.



