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@ Vacuum cleaner.

@ A vacuum cleaner comprising a body case (100} having a
motor-driven fan {109}, a dust case (200) detachably con-
nected to the body case (100) and a bag-shaped fine filter (301)
made of paper.

In order to prevent the bag-shaped fine filter (301) made
of paper from being broken when dust is shaken off the inner
surface of the fine filter (301) to improve the dust collecting
performance of the fine filter (301), a filter sustainer (410) is
arranged in the dust case {200) for sustaining the fine filter
{301) in contact with the outer surface thereof and a vibrating
device (428) is arranged in the dust case {200) for causing the
filter sustainer (410) seesaw movement so as to give shaking

'< motion to the fine filter (301).
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TITLE OF THE INVENTION

Vacuum Cleaner

BACKGROUND OF THE INVENTION

This invention relates to an improvement in a vacuum cleaner equipped
with a dust collecting bag, made of such material as paper, which is to be

disposed of together with dust contained in it.

This kind of vacuum cleaner has the advantage of easy disposal of dust
while it also has the disadvantage of having a very low dust collecting
ratio; i.e., the ratio of the actual volume of dust collected to the

effective volume of bag is about 1/2 to 1/3. This is because the meshes of

the dust collecting bag become clogged with dust loosing its porosity before
the bag is filled with dust.

To improve the dust collecting ratio we have tried various methods of

shaking the dust off the bag. The biggest problem we have encountered is

that the dust collecting bag made of paper is weak in strength and is liable
to break.
For example, if the bag is rubbed on its outer surface with a dust

remover made of wire, it will be torn because the outer surface of the bag

is uneven and complex in shape.

SUMMARY OF THE INVENTION

The object of this invention is to provide a vacuum cleaner having

easy disposal of dust and high dust collecting ratio.

To achieve this object, the vacuum cleaner of this invention comprises:

a body case having a motor-driven fan; a dust case detachably connected to

the body case; a first fine filter member detachably arranged in the dust
case; and a filter sustaining member arranged in the dust case for sustain-

ing the fine filter member in contact with the outer surface thereof.
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According to one embodiment of this invention, the porosity or the

suction performance of the bag-shaped fine filter can easily be recovered

by vibrating the filter sustaining member because when the filter sustaining

member is vibrated, the bag—shaped fine filter is also vibrated thereby

shaking the dust off the fine meshes of the filter.

Moreover, since it is through the filtr sustaining member that the

vibration is applied to the bag-shaped fine filter, the bag-shaped fine

filter is free from any breakage which would occur if it were rubbed on its

outer surface with the dust removing member.
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BRIEF DESCRIPTION OF THE DRAWINGS
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vertical cross section of the vacuum cleaner of this

perspective yiew of the vécuum cleaner disassembled:
perspective view of the body case disassembled:
perspectiQe view of the dust case disassembled:
perspective view of the dust case cover disassembled:
perspective view df the filter unit disassembled;
schehatic;view showing the first fine filter member
the dust case;

schematic view showing the filter unit being taken out

thrown off;

Figure 9 is a detailed view showing the first fine filter member

being assembled into the dust case;

Figure 10 is a detailed view showing the first fine filter member

being taken out of the dust case;

Figure 11 is an enlarged view of the coarse filter as viewed from

the back;

Figure 12 is an enlarged view of the projection and the vibration
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transmitting member, showing how the coarse filter and the first fine filter

member are removed of dust;

Figure 13 is a schematic view showing the dust-laden air stream flowing

into the first fine filter member;

Figure 14 is a graph showing the dust collecting performance

characteristic of the first fine filter member; and

Figure 15 is another graph showing the dust collecting performance

characteristics of the first and second fine filters and the resultant

dust collecting performance characteristic when these two characteristics

are combined.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

We will now explain one embodiment of this invention with reference
to the accompanying drawings.
This vacuum cleaner comprises a body case 100 and a dust case 200.
The body case 100 and the dust case 200 are detachably connected as shown
in Figure 1. This connection is accomplished, as shown in Figures 1 and 2,
by first inserting the projection 202 at the lower portion of the dust case
200 into the groove 101 at the lower portion of the body case 100 and then
inserting the rear portion of the base plate 206 for the handle 204 provided
at the upper portion of the dust case 200 into the recess 103 formed at the
upper portion of thebody case 100 to cause the claw 107 of the clamp 10%
at the upper portion of the body case 100 to engage with the base plate 206.
The body case 100 incorporates a motor-driven fan 109 and a cord winding

device 111.

The body case 100 is split longitudinally at the center %
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into a left-hand side portion113~and artight—hand side
portionit{5 , both béingrfitted together by:scréws not shown.

The left~- andrrightfhand portionsj13,115 have an
air inlet port{4{ formed on the front—wall117'and an
exhaust port {23 on therrear wali121. The fan container
chamber {25 at the center of the body case{00 is separated
by a partition piate12? frbm the cord winding device
container chamber127 located under it. Oﬁ the uPper
side of the fan container chamber 125 is proVided a spare
filter storage chamber131 fbr storing the spafe of the
first fine dust collecting filter30. The spare filter
storage chamber 131 and the fan cOntainer chamber 125 are also
separated by a partition platé133. o

These partition plates {29, 133 extend parpendicular to
tﬁe 1ongitudinal, vertical,dividing surface'at the center of
the body care and spread through the interior space of the
left- and right-hand side portionéif3,175,

The spare filter storagerchamberisf is open to the
outside of the body case through an opéning formed on
the external wall ofrthe right—hand;side'portion115.
Through this opening the spare of the firét’fine filter 300
is placed into or taken outrof the sparerfiltér sﬁoiage
chamber 137. Normally, this Qpening'is closed by a
detachable cover {37. which has a recess 137 to receive fingers

for its removal and an enagagement claw 147 fpr'hblding it



lo

13

25

ar 1 § ‘a.ﬁﬁ (X3 .
- ’

3 T ES
« i . ¢ ¢t . a L2 & -
: ¢ I r [N ‘

4
‘¢ of [

0024636

to the opening.

Since the spare filter storage chamber 137 gives the
upper portion of the body casetoo a double-ceilinged construction,
the noise produced by the electric fan 104 can be reduced.
Because the body case o0 is split longitudinally at the
center into halves, the complex construction of the body case
including the spare filter storage chamber (37, the fan
container chamber 7125 and the cord winding device container
chamber 727 can easily be formed through molding. If the
body case Wis to be molded as one piece, it would require
a complex molding pattern and make the molding process
complicated.

A dust indicator f43 is located immediately below the
opening on the right-hand side body portion t15. It is
connected to the negative pressure port /45 and held in
position by the cover 747. The cover j47 is secured by the
screw 7149 threaded from the inside of the right-hand side
body portion /5.

The negative pressure port 4% opens to the outside
in the same direction as the opening of the spare filter
storage chamber 737 so that the molded product may easily be
separated from the pattern. -

The cord winding device {{{. has a cord reel/$3 to wind
the cord f¥f. The cord reel {43 has teeths§5 formed on the

outer periphery which are in mesh with an intermediate gear 767
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c¢

rotatably supported(x1thé front wall /7 of the body case fo.

This intermediate gear 157 is fitted with a driving coupling

159 which is exposed to the outside of the front wall/77 and

is connected to the dust remover of the filter unit provided
in the dust case 200 The filtérrunitrwill be detailed later
on. o | | |

Next, we will explain the construction of the dust
case 200. As shown in Figurés i, Zrand 4, the dust casez®
is hollow. | | |

On the front side of the dus# case 0 is formed an |
opening through which the first fine filteﬁ&aa is placed
into or taken out,bf the case zo. F;tted to:the opening
is a filter support plate 212 which is'rbtatably suéported
on the shaftz1Z mounted at thé 10We£ portiqn,of the opening
so that the support plateiﬁoiéan be,rotéted forwardly
about the shaftzf2.

The height of the filter supportrplateZiO is about half
that of the opening for the first fiﬁe'filter3 Thus, when
the filter support plate 210 is,paléea into ?osition( the
lower half of hte openihg is covered by the plate.

The filter support plate 2/Q has é receSSZﬁi formed
on its front surface which leads to thé'upper endrbf the
plate 210. The upper portion of the recegszgfris expanded
stepwise on each side to form a'recéive:lpbrtioniﬁé or which

the lower corners of a plate 303 for'the first fine filter 300
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rest. The opening for the first fine filter3s0 also has
a recess21f formed stepwise on the upper portion thereof to
receive a portion of the filter o. The functions of these
recesses will be explained later.

The dust case cover 2?9 is rotatably supported on the
shaft 222 located at the lower portion of the dust case 200
so that it can open or close the opening for the first fine
filter from the external side of the filter support pla£ez¢o.
The dust case cover 220 has a clamp 226 and a connector hole
224 into which a suction hose not shown is inserted.

The clamp 226 has a clawz2f which engages with the
engagement portion 230 provided to the dust case 2. The
front opening of the dust casezo for the first fine filter

can be closed by the dust case cover2ze by engaging the claw

15 222 of the clamp22é6 with the engagement portionzze. The

20

25

detailed construction of the interior of the dust case
cover220 will be described later.

The rear side of the dust casezoe can be brought into
and out of engagement with the front side of the body caseico.
The dust casezo has an opening on its rear side through which
the filter unit4o® to be detailed later can be placed into
or taken out of the dust case pe.

The dust case2» has a plurality of ribs23¢ on the
inner surface to sustain the first fine filter3eo. These

ribs z34 extend forwardly from the interior surface of the
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dust case ﬁear the rear opening tb'thg front opening, from
which the first fine filtér is to be,tékeﬁ out. - |

Extending parallél to and'betﬁeeﬁ £hese,rib523¢ are
guide ribs 236 which are,fbrméd,near therfrdnt openiné of
the dust case 200 to guide the first finerfilter when drawn
out. These guiderribs,2367'arerinclined upwardly toward
the front opening. |

The dust casezfe has a ceiling'platepzx in—ﬁhe upper
interior, above which is'forﬁed a roomzo for receiving the
base plate bof the hiandle 264, The h’andrl,e':zaéc cohsists 7(7)f
longitudinally split pbr£i6n52¢2,244 féstenéd together by
screws 244, The screw seat 4% for the ﬁandléiﬁiié'fitted
into the receiver portionz$orbf the handle pértionsz@z,zﬁﬁ
during the process of asseﬁblyin§ thé handlérportionszgz,z¢¢.

After being inserted into the roqmzéb; the'héndlezm:is

secured to the dust case 0 by a screw 282 which is threaded

from inside the dust case into the,sérew—seat2$? through

the ceiling platez3f.  The screw séat2¢? is,located at the
central pottion of the handle2o, i.e;,iat,thé center of gravity
of the vacuum cleanerrso that the—recéiver'pqrtionzto will
not be subjected to an e#cess load ﬁhen the vacuum cleaner
is carried.

Now, we will explain the construétioﬁ'of the,first’finé
filter 3eo. As shown in Figures 1, 2 and'B; théifirst fine
filter 3p¢ consists of a baé Rﬂ:made of thin, flexible,

porous paper and a support plate 303 made ofihaid paper such
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as cardboard. The bag 30f is bonded to the support plate

303 with adhesive agent.

The support plate 303 is comprised of a dust suction
port 3ef and a cover portion 37 for covering the port 3of.

The cover portion 37 can easily be bent along the perforated
line 309 which is formed on the support plate 303 to facilitate
the bending of the cover portion 307. The cover portion 3s7
has two lines 3/f cut into the free end to form an engagement
piece 313 which can be bent relatively easily. This support
plate 323 can easily be formed by punching a sheet of plate
material.

The dust suction port3a§ can be closed by bending the
cover portionje7 until it contacts the support plate 33 .

To retain the cover portion 367 in the bent position, the
engagement piece 3713 is slightly bent to engage with the inner
edge of the dust suction port Jof.

Before use, the bagjsf and the cover portion 37 of the
first fine filter ye¢ are folded to be compact as shown in
Figure 3. Since the filter 3ee is small and compact, it
does not require a large space for storage and can be easily
be placed into or taken out of the filter storage chamber73r.

We will explain how the first fine filter 30 is
assembled into the dust case »a The process of placing the
filtersoo into position consists of opening the cover

portion 30T of the filter 3o, engaging the cover portion 307
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with the recess 214 of the filter support plate 210, inserting
the bag 301 into the dust case 209, and then engaging the
upper and lower portions of the support plate 303 with the
recesses 216 , 218 . With the dust case coverzzo closed, the
vacuum cleaner is now operable.

In this way, the assemblying of the first fine filter
300 can easily be done by engaging the support plate 323 with
the récesses 26, 2(8.

The internal construction of the dust case cover 2zo
will be explained in the following. As shown in Figures 1
and 5, an inner cover plate3f’ is fitted to the inner side
of the dust case coverz226. It is secured to ﬁhe dust
case cover 220 by means of screws 319 threaded into the screw
seat 317.

The inner cover plate 315 is provided at its u?per
portion with a deflecting suction port32f whose delivery
port is directed downward. The deflecting suction port
321 has a vent.32‘7 at the bent portion of the guide 325. The
deflecting suction port 321 is connected through the seal
packing 329 to the internal end of the hose cénnector22¢ .
The seal packing 329 is formed integral with a back-flow
preventing valve 331 made of elastic material such as rubber
or flexible vinyl chloride. The back-flow preventing valve
331 moves about the connecting portion with the seal packing

32¢. The back-flow preventing valve 33f is provided inside
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the deflecting suction port 321 so that it is automatically
opened by the action of the air stream paséing through the
hose connector 224 and closed when there is no air stream.
The functions of the deflecting suction port 32/, the vent 327
and the back-flow preventing valve 337 will be detailed later.
The inner cover palte 315 has around its periphery a
seal pécking333, which has an annular tongue 33§ formed on
its inner surface. The tongue 335, when the dust case
cover 220 is closed, is pressed against the circumference
of the front opening of the dust éaseZoa to seal the gap
between the dust case Z» and the dust case cover zZoc.
The deflecting suction port 321 is provided around
its base portion with a seal packing 337 which has a
projectioni33q. By inserting the projection 33¢ into a hole
318 of the inner cover élatesvs, the seal packing 337 can be
secured to the inner cover plate 3(5. The seal packing337
for the suction port32{ has a connecting portion 34{ through
which it is formed integral with the seal packing 333 for
the cover. When the dust case cover 220 is closed, the
seal packing 337 presses against the support plate 303 thereby
sealing the gap between the inner cover plate 3¢5 and the
support plate 307. With the dust case cover 2z¢ closed,
the deflecting suction port 321 projects, through the dust
suction port 305 of the support plate %3, into the bag 37 .

Description on the construction of the filter unit §oe
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follows. As shown in Figures 1 and 6, the filter unit 4eo
consists mainly of a coarse filter frame 402 , a second fine
filter frame &o4, a fiiter support baée'plate 466 and a
seal packing 4e% .

The frame o2 has a flat coarse filter ¢t¢ on the
front and auxiliary coarse filters 412 on each side and
the top. These filters 4f0, ¢{2 are formed of a net of
nylon, polyethylene, or polypropylene and the size af the
mesh is sufficiently larger than that of the first fine |
filter 3o0. That is, the first fine filter 3p0 is capable
of catching the fine dust such as sand while these filters
44{¢, 412 cannot arrest them.

The second fine filter frame 404 has a wave-shaped
second fine filter 4{7 made of nonwoven fabric. The mesh
of the second fine filter 414 is almost the same in size
as the first fine filter joo. The second fine filter 4/4
is arranged downstream of the first fine filter 3o¢ so that
dusts that have passed through the first fine filter 30¢
may be caught by the second fine filter'4ﬂi, thus preventing
the fine dust from beihg blown out fiom the exhaust port f23
of the body case 1po.

The filter support base plate 405 rotatably supports
a dust removing gear 416 located at its front and a dust
removing handle 41§ at the back. A dust remover 420 of

elastic material, the gear 416 and the handle 418 can be
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held together and mounted to the filter support base plate
406 by fixing the dust remover 420 to the front side of the
gear 4{6 by means of the screw 422 and by threading the
screw into the handle 41¢.

The assemblying of the filter unit oo consists of
putting together the rear side of the second fine filter
frame 404 and the front side of the filter support base
plate 406, fitting the seal packing ¢40¢& around the frame
494 and the plate 406 thus holding them together, and
fitting the coarse filter frame 402 to the frame and plate
assembly from the side of the second fine filﬁer 414 .

When the filter unit 400 is placed into the dust
case 0, the outer circumference of the seal packing 4of
is brought into tight contact with the inner surface of
the dust casewo.

The front end of the dust remover 420 is in contact
with the back of the folded second fine filter 4714, so that
when the handle 41{§& is rotéted‘the dust remover 420 hits
or snaps the crests of the wave-shaped filter 41¢. This
vibrates the filter 4/4 shaking off the dust.

The coarse filter frame 402 has a hammer-vibration
type dust removing device inside it. As shown in Figures
1, 6, 11 and 12, a support boss 42& is provided to the back
of the non-porous portion 424 near the center of the coarse

filter 41o0. A hammer rod 42§ formed of spring material is
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secured at one end to the boss 426 byrarseatfélaté 432
and a screw 430 threaded into the boss 425. |

A projection 434 to be hit by the opposite'free end
of the hammer rod 42% is atfached to the back of the coarse
filter 440. A vibration transmitter 436 extends, like
a fork, from the base of the projection 434 to the right
and the left on the surface of éhe coarse fiiter 4{0.

When the projection 434 is struck by the:hammer rod
428, the coarse filter 410 will vibrate. The,vibrétion is
conveyed through the fork-like vibration traﬁémitter memberA
436 over the entire filter 4{0.

Since the hammer rod 42& hits the:projection 434 near
its free end; the coarse filter 4{0 is vibrated iike a seesaw
with the projection 434 wofking as a fulcrum. The vibration
of the coarse filter 4(0 éausés fhe firétrfine'filterVBOo
in contact with it to vibrate, shaking thé dust off the inmer
surface of the filter‘km. |

The second fine filter frame 404ri$‘providéd at its
upper portion with a bearing 438 on whiéh'a cam membér 4?2
is rotatably supported thfough'arseal péckiﬁg 440. Installed
to the back of the beariné are an idlef geéf 4¢¢,Va clutch
ring 446, a spring 44¢ and a éonhecting cflinder'¢$0, all
these being secured together byra screw 452 thatrisrscrewed
into the cam member 442.

Rotation of the cam,membér 44z ié accomplished by
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rotating the idler gear 444, but it is rotated in one
direction only because of the clutch ring 446.

The cam member 442 is arranged so that it will engage
with the free end of the hammer rod 428; the idler gear
444 is in mesh with the dust removing gear 4/6. Hence,
turning the handle 4/§& rotates the gear 476 which in turn
revolves the cam member £42, flipping the free end of the
hammer rod £2¢%. This hammer rod 42% in turn hits the
projection £24.

The filter support base plate €06 has a bearing ¢$¢
which, through the spring 456, rotatably supports a driven
coupling 445 which is secured to the bearingrby the screw
462 threaded through the seat plate €6¢ into the bearing ¢§¢%.

The driven coupling ¢5¢ has teeth formed around its periphery

"which is in mesh with the dust removing gear £76. When

the body casetvr is combined with the dust caseo, the driven
coupling ¢$& is connected with theé drive coupling /§9. With
these coupling connected, the rotating force of the cord
reel 153 of the cord winding device {{{ is transmitted to the
dust removing device provided to the filter.

The cam member 442 is rotated in only one direction
when the cord 571 is pulled from the cord reel 7153 but not
when wound up on the reel 753. Thié contributes to making
small the rewinding coil spring in the cord winding device

411 which is used to rotate the cord reel #53.
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So far we have explain the vacuum cleaner of tﬁis'
invention from the view point of construction. In the
following we will describe the action of each component.

As the electric fan (69 is driven, an air stream laden
with dust flows through the suction hose, the hose connecting
hole 224 and the deflecting suction port 327, and into the bag
361 of the first fine filter 3o0. Most of the coarse and
fine dust are caught by the filter joo aﬁd the remainder of
dust that passed through the mesh of the filter 3¢ further
flows past the coarsé filters 40 , 412 toward the second
fine filter 414 where the fine dust is érrested. The
air removed of dust furthér flows through the meshes of the
filter £14 and is exhausted from the exhaust port (23 of
the body casefeo.

The bag 30{ of the first fine filter 3o is in folded
condition when assembled into the dust case Z». But as the
air flows into the bag 31, it becomes inflated by the air
pressure until it contacts the filter retaining ribsz3¢.

Although the bag 301 is surrounded by the coarse filter
410 and the filter retainingfrib52&¢, fhe:bag304 is maintained
highly porous because the coarse filter 410 has sufficient
porosity and there is sufficient spacing between fhe ribs 234.

The dust is first caught by the bag 30{ at the area facing
the coarse filter 41¢0. As this area of the bag 31 becomes

clogged, most of the air passes through the other area of
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the bag that faces the filter retaining ribs 23¢ and then'
flows past the coarse filters 412 at the sides and the top
of the frame 402 and into the second fine filter 414. The
dust collecting process of the bag 301 of the first fine
filter o0 proceeds in this way.

When a large amount of dust adheres to the bag as
well as the second fine filter 414 and the suction force
becomes lowered, the dust can be shaken off these filters
either by rotating the cord reel 153 of the cord winding
device 111 or turning the handle 41% to actuate the dust
remover 422 and the hammer rod 428.

Since in removing dust from the bag 3¢f{ the hammer rod
42% applies ribration to the coarse filter 410, not directly
to the bag, no damage will be done to the bag. The bag
30f is made of relatively wezak material such as paper, so
rubbing the outer surface of the bag3of with something like
the dust remover 420 will cause damage to it. But in this
device, the vibration is imparted to the bag through the
coarse filter 410 so that no excess force will be applied to it.

The coarse filter 410, when the projection 434 is hit
by the hammer rod, is vibrated like a seesaw with the projection
434. as a fulcrum. This seesaw movement gives shaking motion
to the bag 304 so that the dust is effectively removed from
the inner surface of the bag3of.

Although a great amount of dust and dirt adheres to the
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portion of the bag that is in contact with the coarse filter
410, the application of vibration to this,portioh of the
bag thoroughly removes dust from it, recovering the dust
collecting capability of the cleaner.

In this way, by performing the dust removing operation,
as required, the dust can effectively be caught in the first
fine filter 30¢ until the bag is filled with dust. When
the bag becomes full of dust, the first finerfilter 300 ié
taken out of the dust case2®? to replace it with a new one.

The first fine filter jo0o is replaced:infhe following
manner. As shown in Figure 10, the dust case cover 220 is
opened by operating the clamp 226 and then the dust suction
hole 35 is closed by the cover 7. Then, the operator holds
the support plate 323 with hand and pulls it out together
with the bag3ef, with the filter';upport plate 210 being
opened by the bag. In this way the first fine filter 3o0
is easily drawn out of the dust casezw.

The cover portion 307 that closes -the dust suction
hole 3§ prevents the dust contained in tﬁe bag from falling

from the hole 3% when the filter 30 is taken out. After

being drawn out, the dust loaded first fine filter is discarded.

The guide ribs 236 facilitate the removal of the filter 3o
from the case. How the new filter 3vc is assembled into the
case has already been mentioned and its description will not

be repeated here.
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As already explained, since the first fine filter 300
is placed into and taken out of the dust case2w through the
front opening of the case which is accessible by opening
the dust case ocver 220, the placement and removal of the
filter 300 can be carreid out independently of the filter
unit 400. This ensures an easy handling of the filter.

The amount of dust caught by the second fine filter
414 in the filter unit4o0 is very small (more than about
95% of the dust sucked into the hose is arrested by the
first fine filter 30 ) and therefore the number -of times
the dust caught by the second fine filter 4 {4 is required
to be discarded is quite few compared with the first fine
filter 300 . In spite of this fact, the second fine filter
£14 should be removed of dust as often as is required for
the first fine filter 3c0, for the following reasons.

That is, if the dust remains adhering to the second fine
filter 414 when the first fine filter 30 is replaced with
a new one, the dust suction capability of the vacuum
cleaner will not be recovered to sufficiently high level.
Hence, to recover the dust sucking capability it is neces-
sary to remove dust from the second fine filter 414 at

the same time that the first fine filter 3c0 is replaced.

When the amount of dust caught by the second fine
filter 414 exceeds a certain limit, shaking the dust off

the filter 414 will prove ineffective in recovering the
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sucking force because when the vacuum cleaner is operated
the dust collected will soon be blown up by air to clog
the filter 414. In this case, the dust must be disposed
of by removing the filter unit 4pp from the dﬁst case 2,
as shown in Figure 8.

In disposing of dust collected by the second fine
filter 414 and maintaining the filter unit ¢, the filter
unit 4w is taken out through the rear opening of the dust
case 20 so that the filter unit46¢ can be handled independ-
ently of the first fine filter 300.

What effect the operation for removing dust from
the first and second fine filters has on the suction force
of £he vacuum cleaner will now be explained in detail
referring to the diagrams shown in Figures 14, 15.

Figures 14, 15 show the relation between the amount
of dust caught by the filters 300, 4/¢ and the suction force.

The dotted line (a) in Figure 14 (for the first fine
filter 300) shows fhe dust collecting peiformance character-
istic when no dust removing operation was performed for
the filter 3. In this case, as the dust caught by the
filter 300 increases in the amount, the filter becomes
clogged resulting in an abrupt reduction in the suction
force, which is indicated by the indicator 43 showing
the suction level has reached the saturation. Let V stand

for the amount of dust collected until the saturation is

ot
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The zigzag line (b) shows another dust collecting
performance characteristic when the dust removing operation
for the filter 300 was carried out appropriately. In this
case, the suction force recovers to a certain degree
each time the first fine filter 300 is cleared of dust,
so that the level of the suction force does not fall
rapidly as the amount of dust collected increases, as with
the preceding case. With the dust removing operation
performed, the amount of dust collected until the suction
level reached the saturation is 2.5 to 3 times greater
than when no dust removing operation was done.

Referring to Figure 15, the dust collecting performance
characteristic (c) for the vacuum cleaner as a whole is
the sum of the dust collecting chéracteristic (d) for
the first fine filter 30 and that (e) for the second fine
filter 414. For the sake of simplicity, consider the
case in which no dust removing operation is performed to
either filters 300, 414 until the saturation is reached
for the suction level.

When the first fine filter 300 is replaced with the
new one upon saturation, the suction force b that has been
lost is recovered completely. HOwever, because the total
suction force that has been lost is ¢, the vacuum cleaner

as a whole does not recover the full suction force.
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In other words, the loss of suction force a with the second
fine filter 414 remains unrecovered. If.the second fine
filter 414 is removed of dust, the lost suction force will
be recovered, restoring the full suction force to the
cleaner.

Thus, in a vacuum cleaner having the first fine
filter 3¢ and the second fine filter 414 érranged down-
stream of the first one, it is neéessary to remove dust
from the second filter 4£{4 when replacing therfirst filter
30, so as to recover the lost éuction force completely.

The dust-laden air flowing into the bag 3¢{ is deflected
downward by the deflecting suction port 321 to be slowed
down so that the force with which the air strikes against
the inner surface of the bag is mitigated. This protects
the bag against possible breakage.

Moreover, the back-flow prevention valve 331 formed
of elastic material provided inside the deflecting suction
port 321 will contribute to reducing the speed of the air
stream. To describe more specifically, the back~flow
prevention-valve331 is opened by the air stream until
it is blocked by the deflecting suction port 321. The
opening angle of the back-flow prévention valve 331 is
about 45° so that the dust-laden air impinging on the
valve 331 is deflected downward. The elasticity of the
back-flow prevention valve 331 permits the valve, when

struck with air, to be deflected thus greatly réducing

3
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the air speed.

The reason that the vent 327 is provided to the bent
portion of the guide 325 which comprises the deflecting
suction port 321 is to prevent the flapping of the back-
flow prevention valve 331. When the back-flow prevention
valve 331 is deflected by the air stream striking against
it, the air contained in the space defined by the valve 237
and the guide 325 is exhausted through the vent 327.

But if the deflecting suction port 321 is not provided

with the vent 327, the air in that space is compressed

and the pressure of the compressed air exerts reactive

force upon the back-flow prevention valve 33f. As the

striking force of the air stream upon the valve 331 varies,

the reactive force of the compressed air against the valve
also changes causing the valve to flap.

However, since the deflecting suction port has a
vent at the bent portion of the guide 324, no reactive
force against the valve 331 will develop and therefore
the valve 33f will not vibrate.

Although in the foregoing, we have described the
case in which the first fine filter 300 is provided in the
dust case 20, the vacuum cleaner of this invention can
be operated without the first fine filter 3o0. In this
case, the coarse dust is collected in the inner space of

the dust case 2o in front of the coarse filter 47190 and

o
:
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the fine dust is caught by the second fine filter 414.  'The coarse and

fine dusts thus collected can be disposed of at one time by removiné the
filter unit 400 through the rear opening of the dust case. 200.

Where the first fine filter 300 is employed, the coarsé.filter 412 -
does not function as a filter but rather as a member for supporting the
first fine filter 300. , | |

On the other hand, when the first fine filter 300 is not used,
the coarse filter 412 works as a filter. The coarse filter 412 catches
only coarse dust and let pass the fine dust which is arrested BV the
second fine fine filter L1}. 7 7 ' 7

The dust removing operation forrthe second fine filter 41/ is performed
in a manner already mentioned; and the coarse filterrélo,is removed of

dust by the vibration caused by the hammer rod 428.
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CLAIMS

1. Vacuum cleaner comprising :
a body case (100) having a moter-driven fan (109):
a dust case (200) detachably connected to said body case (100),
a first fine filter member (300) detachably arranged in said
dust case (200); and
a filter sustaining member (410) arranged in said dust case (200)

for sustaining said fine filter member (?OO) in contact with the outer

surface thereof.
2. A vacuum cleaner as claimed in claim 1, wherein furtber comprisins
a filter unit (400) arranged downstream of said first fine filter member

(300) for catching dusts having passed through said first fine filter
member (300).

3. A vacuum cleaner as claimed in claim 2, wherein further comprising
a dust removing member (L9O,A9R) arranged in said dust case (200) for
removing dusts caught on at least one of said first fine filter member

(300) and said filter unit (400) therefrom.

L. A vacuum cleaner as claimed in claim 3, wherein said dust removing
member (420,428) is driven by a cord winding device (111) arranged

in said body case (100).

5. A vacuum cleaner as claimed in claim 1 or 3, wherein further
comprising a vibrating device (428) arranged in said dust case (200)

for vibrating said filter sustaining member (410).

6. A vacuum cleaner as claimed in claim 5, wherein said vibratine
device (&28) causes said filter sustaining member (AlO) seesaw movement

so as to give shaking motion to said first fine filter member (300).
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7 A vacuum cleaner as claimed in claim 1, wherein said dust case (700)

has a plurality of ribs (234) on the imner surface to sustain said first

fine filter member (300).

8. A vacuum cleaner as claimed in claim 1,therein'said,first fine filter
member (300) comprises a bag (301) maderof thin, flexible;'porous paper

and a support plate (303) made of hard paper. 7

9. A vacuum cleaner as claimedrin claim 2, wherein said filter unit (ﬁOO)
comprises a coarse filter frame (402), a second fine filter frahe'(hoh),

a filter support base plate (406) and a seal packing (4OR), the second

fine filter frame having a re—useltype of wave-shaped second fine filter

(417) made of nonwoven fabric.

10. A vacuum cleaner as claimed in claim 1, wherein further comprising

a dust case cover (220) detachably connécted'to said dust case (»00).
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