1 SPONGE BLASTI NG APPARATUS AND SPONGE BLASTI NG METHOD BACKGROUND OF THE
| NVENTION Field of the Invention 5 The present invention relates to a
sponge bl asting apparatus which jets against a work a blasting medi um of
sponge fragnments formed of abrasives stuck within a porous elastic body,
and thereby roughens the surface of the work to prepare it for further
machi ni ng, and a sponge bl asting nethod.” Description of the Related Art 10
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has been traditionally acconplished M;Er][‘ é sand as the blasting nedium
as described in Japanese Patent Application Laid-Open No. 9-109029 and
el sewhere. 15 Sand blasting is a process by which a sand-containing air
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thereby to make it ready to be repainted.

Such blasting has been traditionally accomplished by using sand as the blasting
medium as described in Japanese Patent Application Laid-Open No. 9-109029 and elsewhere.
15  Sand blasting is a process by which a sand-containing air jet blown out of a nozzle at
high speed is caused to hit against the painted surface, and the painted coat of the surface
is ground off with the impact of the blast to roughen the surface.
However, since the blasting medium bounce off with a strong force in a sand
blasting process, it entails a problem of the scattering of fine dust. Moreover, the
20  operator who manipulates the nozzle has to wear heavy clothes to protect oneself against
the blasting medium bouncing off with a strong force, and accordingly cannot move
flexibly. Furthermore, since the operator’s field of view is blurred by the scattering dust,
it is difficult for him to accomplish his task in uniform quality.
With a view to solving these problems, the so-called sponge blasting came to be
25  known, which uses as the blasting medium sponge fragments formed of abrasives stuck
within a porous elastic body.
By this sponge blasting, when the sponge blasting medium blown out of a
nozzle with a high speed air jet is caused to hit against the painted surface, the blasting

medium becomes flat and the contained abrasives directly hit the painted surface at high



There also is an advantage that fine dust, which would otherwise drift in
the air, is sucked into the sponge fragnents, and accordingly the dust
scattering can be reduced. Sponge blasting has a further advantage that,
as the repulsive force is also absorbed by 5 the sponge fragnents, the
bounci ng of f of the blasting nediumis djamat ically reduced, and
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An object of the present invention, attempted in view of these circumstances, is

to provide a sponge blasting apparatus and a sponge blasting method which enable a
20  blasting medium to be efficiently recovered, sorted and reused and make it possible to
automatically assess the remaining functional life of the blasting medium.
In order to achieve the object stated above, according to a first aspect of the
invention, there is provided a sponge blasting apparatus which jets against a work a
blasting medium of a sponge fragment formed of abrasives stuck within a porous elastic
25  body out of a nozzle and grinds the work, comprising a recovering unit which sucks and
recovers the blasting medium jetted out of the nozzle; a sorting unit which sorts the
blasting medium sucked and recovered by the recovering unit into a reusable blasting
medium and an unreusable blasting medium; a blower which gives a sucking force to the
recovering unit via the sorting unit; a dust collector which removes dust from the exhaust
30  air discharged from the sorting unit with the sucking force of the blower; a picking-apart

unit which picks apart the reusable blasting medium sorted by the sorting unit; a



bl asti ng nedi um pi cked apart by the picking-apart unit is inputted, changes
over the two tanks between each other to continuously feed the nozzle with
the blasting nmedium deposited in the tanks; and a carrier which carries to
t he continuous feeder the reusable 5 blasting nmediumsorted by the sorting
unit. According to a first aspect of the invention, the recovering unit,
the sorting unit, the dust collector and the blower are linked in series;
nanely, the sucking force of the blower is transmtted to the recovering
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Meanwhile, the exhaust air discharged from the sorting unit with the sucking

20  force of the blower is cleared of the fine dust of the blasting medium and other kinds of
dust contained in the exhaust air by passing the dust collector and discharged into the
atmosphere. Therefore, the working environment is significantly improved.

Further according to the invention, part of the blasting medium picked apart by
the picking-apart unit is taken out, the particle size of the abrasives, the unit volume and

25  mass of the blasting medium or the projection area of the blasting medium are measured,
and blast operation is stopped before a certain level is reached.

Also by using the sponge blasting apparatus according to the first aspect of the
invention, it is preferable to acquire for each type of blasting medium the optimal data of
the pressures in the reservoir tanks of the continuous feeder when a fixed quantity of the

30  blasting medium is jetted out of the nozzle, the suction pressure at the time of sucking
and recovering the blasting medium by the blower, the negative pressure in the sorting

unit, and the air pressure and flow rate of the blower, and automatically select the



setpoints of the pressure and flowrate in each unit to exercise such
control that optinmal operation is achieved with the inputting of m ninal
conditions at the time of blasting wth the blasting nedium Further
according to the invention, the picking-apart unit is provided with 5
rotary vanes which pick apart by being r‘ﬁt ated the reusable blasting nmedium
having solidified into a lunp state; a heater which heats the reusabl e
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distribution prepared and, when the peak level surpasses the threshold, causes a display

unit to display the usable limit of the medium.

The sponge blasting apparatus and the sponge blasting method according to the
invention enable a blasting medium to be efficiently recovered, sorted and reused and
20  make it possible to automatically assess the remaining functional life of the blasting

medium.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an overall configuration of a sponge blasting apparatus;

Figs. 2A to 2C illustrate the mechanism of sponge blasting;
25 Fig. 3 illustrates the protective clothing of the operator of sponge blasting;
Fig. 4 shows a perspective view of a self-propelled recovering device applied to
the sponge blasting apparatus of Fig. 1;
Fig. 5 shows a plan view of the self-propelled recovering device shown in Fig.
4;

30 Fig. 6 shows a profile of the self-propelled recovering device shown in Fig. 4;



sponge bl asting apparatus of Fig. 1; Fig. 8 shows a perspective view of the
bl ade configuration of the picking-apart device shownin Fig. 7; 5 Fig. 9
illustrates the particle size distribution of abrasives in the blasting

medi um and Fig. 10 shows an overall configuration of a sponge bl asting
apparatus, which is another enbodi nent .of the invention. DETAILED

DESCRI PTI ON OF THE PREFERRED EMBCDI I\/El\ﬂ'g 10 A sponge bl asting apparatus and
a sponge bl asting nmethod, which are preferred enbodinments of the present

i nvention, w ||Fige7dbrswes b bagitudindbteatibn béh pickivg-iparedeienapplied to thee
acconpanyi ng draw.ngs. Fig. shows an overall configuration of a sponge
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bl asting nediumin a sponge ?r agnent form a self-propelled recovering
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propel | ed recov ih@s%"\“ﬁ %OﬁelmF%lﬁ/%gé%?&?ggg%g SPag PRRFTY 3%%?}? 153 bag
filter (dysfther@idodehent)of2ke inQenticovi ng with the sucking force of the

bl ower 18 dust fromthe exhaust air discharged fromthe solid-gas

separating tank 16; a continuous feeding device (continuous feeder) 26

whi ch, having abpos e WRSCRIBTHONIH #BSPREFARAERE MNODIIERTS?S T he

reusabl e bl asti 'd-gas separating tank 16 is
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cont i nuoughcfagesthpehyiteyina®izg, Wi th the reusable blasting nediumsorted by
the solid-gas separating tank 16 apong other elenments. 30 First, a sponge
bl asti ng net hodFigsi sBovhan §b%mljé%ﬁa§ﬁ1wg°%$w§g§?5%g fPparatys lod\@E’&Bi bed.
6 The bl gastiAgJBsALMBrYEEHBNtidNI S method is forned of abrasives 30 of a

15 This sponge blasting apparatus 10 is provided with a nozzle 12 for jetting

blasting medium in a sponge fragment form; a self-propelled recovering device 14
(recovering unit) for sucking and recovering the blasting medium jetted out of the nozzle
12; a solid-gas separating tank (sorting unit) 16 for sorting the blasting medium sucked
and recovered by the self-propelled recovering device 14 into a reusable blasting medium

20  and an unreusable blasting medium; a blower 18 for giving a sucking force to the self-
propelled recovering device 14 via the solid-gas separating tank 16; a bag filter (dust
collector) 20 for removing with the sucking force of the blower 18 dust from the exhaust
air discharged from the solid-gas separating tank 16; a continuous feeding device
(continuous feeder) 26 which, having at least two reservoir tanks 22 and 24 into which

25  the reusable blasting medium sorted by the solid-gas separating tank 16 is inputted,
changes over the two tanks 22 and 24 between each other to continuously feed the nozzle
12 with the blasting medium deposited in the tanks 22 and 24; and a blower (carrier) 28
for pneumatically feeding the continuous feeding device 26 with the reusable blasting
medium sorted by the solid-gas separating tank 16 among other elements.

30 First, a sponge blasting method using the sponge blasting apparatus 10 will be

described.



material differing wwth the purpose as shown in Figs. 2A to 2C (such as
steel grits, alumna, starlight or urea resin) stuck to sponge fragnents
32, and this blasting medium 34 is jetted against the coat 38 of a work 36
wi th high pressure air to grind off the coat 5 38 and roughen the painted
surface 40 in preparation for further n’gchi ning. By this sponge bl asting
nmet hod, when the bl asting nmedium 34 reaches the coat 38 as shown in Fig.
2A, the blasting nmedium 34 is flattened as shown in Fig. 2B, and the stuck
abrasi ves 30, 30he blastﬂig'meﬂihlm tet byghisna¢thed e foaaed GBala'asihd:ag?fﬂ speed. This

causes, as in t he coat 38 s, shown in Fig.
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they are, dust scatiering can be reduced. As the repuIS|ve force is also
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medi urg 34 wear 46 of the
opera’Eg or %%ﬁnvﬁfoq’%ﬁ ﬁ%sd %"Hé‘?g%g%ge“ 01;?%;%{% n%p%?gﬁgghg% need not be so
heavy either, aByslhesporige bFasging3nethkdd w}i}:nsh@hhstmg siedinen B resohesthe heat
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the wor kstﬁ@( aﬂfﬁéﬁe@ﬂﬁ@@t oalré&m&edgﬁﬁét tM@@datasmﬁ oBGHesd. WTihedceueasinal |
his body as he woul d i n sand bl astin his helmet 50 a full-face

type covefanddlastingning cpaiad® tarhe eroundiels as EIERWIIhHI Biga? far plehas fiaedustn any
wor Ki fi fgﬁrﬁculﬁte? abmps T Whﬂ%%lh%tﬁer@?s%edrﬁf HﬁttiﬁS LR workl H@t‘iﬁerpﬁn&the

transparet acryl plate; ting in a ver ht’ protective wear .

this confpogge ﬁttagmentséﬁ\mlsl drop a&aﬂmgaret, Idast\matgetringafantﬂwereqblwﬂecﬁsﬂm vvear t he
wor kl oad on era or,44.c e Si I cant ened. Fi.g0. shows an
enl ar god FRPEREPRTG: Sl apsoEREy B Pofb buffels Yo R EpiRgre b e T
shown in E1iag1n5gjmeaihh§3zsgl(fralﬂﬁ@m1bflreahdeacover| ng deV| ce 14 conprises a
center base a rotating body 56 having the function of a reel, a power

supply cabl e 58Th¢raf%%utb%pme%@eavqaf 4 of Eh@ apsFse 44 Vhe handirs thg SRELE 60 of
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part of t&gul%elrnltsgrrld t?l%gt?ngS 'NOZ' is his helmet 50 a full-face type covering all his head and
20  face, but an ordinary one used in any working site, a helmet fitted with a face protector
52 made of a transparent acryl plate, resulting in a very light protective wear 46. As this
configuration serves to reduce the weight of the protective wear, the workload on the
operator 44 can be significantly lessened.
Fig. 4 shows an enlarged perspective view of the self-propelled recovering
25 device 14 shown in Fig. 1. This self-propelled recovering device 14 comprises a center
base 54, a rotating body 56 having the function of a reel, a power supply cable 58
functioning as a traction member, the sucking hose 60 of the blasting medium 34, and a
sucking vehicle 64 provided with a suction port 62 as shown in Fig. 4 through Fig. 6.
The center base 54 is installed by its own weight in a prescribed position on a
30  sheet 66 on which the blasting medium 34 falls. Also, the center base 54 has, built into
it, a motor (not shown) and a battery which supplies power to this motor. The rotation

shaft 68 (see Fig. 6) of the motor protrudes out of the upper part of the center base 54,



and the rotating body 56 is fixed to that upper part. Therefore, the
rotating body 56 rotates driven at a prescribed rotational frequency by
the driving force of the notor built into the center base 54.
Incidentally, the center base 54 and the rotating body 56 are di sposed on
the 5 sheet 66 before the blasting nedi9n134 Is jetted out. In this case,
to prevent the falling blasting nmedium 34 from accumul ating on the center
base 54 and the rotating body 56, an unbrella nmenber 70 is fitted above
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t he sucking hose 60 to be arranged fromoutside in the sucki&g vehicle 64
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the rotating bo 56. . This enabl es the sheet 66 t.o thoroughly. recover the
bl st ng. modi unDBAE piber PR £ 3FaToR CetHiE GRIGRPYRYpURED BB BARAASIT o ne
sucki ng Vehi-&l stppH dabledd AMIBE shidkiiNBoRY( LiBngbE oM rBALIHE B0y Bheethe 74
and 74 and the rear wheels 76 and of the four-wheel 25 drive sucking

vehi cl e ewckingeyedinie 64 plongtith therselérrotstion wétharetation bedy 5661 budlt frde the ni t ed
(0,018, iy L T ER PRy e o sgsatartl om of |
16 conpr i sesting Budykion theusuckingGrehicienteelinked tbltiee pered smgp]_yo;ableGﬁ'sf arfd thhe
col e oPel e oo LAg FRee L bl S 3R, e LR ki,
vertical ¢Hafiess. i QRis raling @i @mlioNefle Hiddiag 3p-ad BRG0P PO tHelvidie upper
outl et of . t he v?r tically risi n% pi ge 84; a si elllire1 %8hi01rc]e 6\Tslh?frt15 itnht%e ?alldailglt I ng
medi um 34SUPRIY eable &8 arad Hiejsycking hose 00 so that the sucking vehic
20  direction as much as the size of the suction port 62 (the diameter where the suction port
is circular or the side length where it is rectangular) per turn of the rotating body 56.
This enables the sheet 66 to thoroughly recover the blasting medium 34 that has fallen.
The suction port 62 provided in the sucking vehicle 64 is arranged in the bottom
between the front wheels 74 and 74 and the rear wheels 76 and 76 of the four-wheel-
25  drive sucking vehicle 64. Incidentally, the number of the suction port 62 is not limited
to one, but a plurality of them may as well be disposed in the bottom of the sucking
vehicle 64.
As shown in Fig. 1, the solid-gas separating tank 16 comprises a sucking unit 80
linked to the sucking hose 60 of the self-propelled recovering device 14; a vertically
30  rising pipe 84 connecting the sucking unit 80 and the tank body 82 and arranged in the
vertical direction; an urethane-lined plate 86 arranged opposite the upper outlet of the

vertically rising pipe 84; a sieve 88 on which the blasting medium 34 falls, reduced in



8 speed by collision with the urethane-lined plate 86, and which sorts by
vibration that blasting nediuminto a reusable part and an unreusabl e
part; a take-out device 90 for the reusable blasting nmedium 34 sorted by
the sieve 88; and a take-out device 92 for the unreusable blasting nmedium
34. 5 The used bl asting nedi um 34 suck&% via the sucking hose 60 is

I ntroduced into the sucking unit 80, Ich serves as the inlet to the
solid-gas separating tank 16, and dust of relatively large grain size

suc ked( t ogﬁﬁdh Yo c\ﬁllish))ddgﬂh :ﬂieaﬁ’eﬂﬂge-gﬁeﬁ plﬁ}(e38|6, iafd Swhidelt ﬁirag)ybg&bmiormhéthor a
sieve (nejther shown) built into the suckin nit 80. The part t he
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by being feﬁba%@@bla@t#%ﬁe&ﬂni’?& k4 |l$3b’th(e's%'v@@8PhrRﬁa Bkt B8RSV ibrle f OF Ce
(e.qg. -47 kPa, 30 mn, 30 kW of the blower 18, and jetted upward

t hr ough tweesablechlagsingtthedivarddi.cal |y rising pipe 84. This causes the
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separ at i nghechekibg unB400Whichaerveank theddlet B2the Iselidighs sdpatinigasik hg anddiustm 34

slows down.top or, heyond jts final,K speed 15 to hecome fr.ee .fall, and
falls int®¥%® V&#yge e@éﬂl&isyﬁosy@geq Resther €k iﬂ&ﬁ@%m@etﬁﬁ‘ilﬁﬂ ﬁfgls seRarhisa Y04,
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conditions including the type of the blasti ng@rredl um 34 and the sucking
force of mkdiupl Phbavingpassed thenmesh o the sigveisirzderediin spredvsrbeinbragedrinde i s

fitted i i I 0 gder: f f e sieve
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unr eusabl lelobiens 8, ang jameei upwad tlouglothet hielebb bt ivagicatidirismg3iph 84i rithis f al | en
on the sieve 838 s caused.to_pass the sieve 83 by .its vibratio d falls
b ang CaEeIBe Pl ME ORI LHIE Iose Sheriny sotding sy le crarBinedlited ©he
si eve 88.p1BM gd18nd & b/ inpated tofa raeg@cmuﬁﬁ%@!ﬁa-bg&@Qeﬂamh@cbhhﬁl_b%h% of the
hopper - shaped reservoir 98, the unreusable 25 blasting nediumis discharged

into a trtaskbpdx82.0Xerein, theblastingrmerdivg, 34 shews deale of bevasdiitsdingbenageh 34
out ofzt | i ' havhng.: £ al - ' 2 . pot pass
but glesscgﬁ s a g%&% ttﬁgﬂiii%g}rle{ ?Snlg?osﬂlhg\%leengg%;%ﬁ%?%@q}lﬁF@Y(ggﬁ%%egg%ﬁg aped
reservoi rchbiitbed9dposed downstream fromthe tank body 82 and is stored

Lhere. (20 A P PLASERG TR 3 SSEUIY 2 o0 NG PRt e nsRetl
cannot beingHiRld @€ t{pe dftBe BRBEHAZHRHRMM 34 and the sucking force of the blower 18.
Further, a pressurized air-driven vibrator 96 is fitted in the substantially central part of
20  the under face of the sieve 88, and the vibrator 96 vibrates the whole sieve 88.
Therefore, the unreusable blasting medium 34 out of the blasting medium 34 having
fallen on the sieve 88 is caused to pass the sieve 88 by its vibration, and falls into and
deposited in a hopper-shaped reservoir 98 formed underneath the sieve 88. By the
driving of a rotary feeder 100 linked to the hopper-shaped reservoir 98, the unreusable
25  blasting medium is discharged into a trash box 102.
On the other hand, the reusable blasting medium 34 out of the blasting medium
34 having fallen on the sieve 88 does not pass but descends along the vibrating sieve 88,
slides into a hopper-shaped reservoir 104 disposed downstream from the tank body 82
and is stored there.
30 As the blasting medium 34 accumulated in the hopper-shaped reservoir 104 is
coagulated into a lump state by its own humidity, it cannot be supplied to the continuous

feeding device 26 as it is. For this reason, in this embodiment of the invention, it is



feeding device 26 as it is. For this reason, in this enbodi nent of the

I nvention, it is 9 dropped into a picking-apart device 106 constituting
the take-out device 90, where it is picked apart into fine pieces. The
fine pieces of the blasting nedium 34 picked apart by the picking-apart
device 106 are supplied to a positive-pgessure feed pipe 110 via a double
danper 108, and pneumatically carried to the continuous feeding device 26
by the 5 conpressed air fromthe blower 28 linked to the positive-pressure
f eed pi pedrbpped inFo g pickingrapest devianiflt eodistitating gt taloerout déyyce Wb vlietkitng- apart

device 106 pf,the . present enbodi nent. Thi Leki.ng- apar ' I cks
apart i nedioRed ooy B ERERERS) s PR plast i wB il PRERRTn 3 PIOER bt B
and coaguihdipitkinhgbparadé o166 aequpplidde a prehinerpredsanetied piperMoivia 404, by
appl yi ng shearing forces with upper and | ower bl ades ]5}0%1]%12 and i‘%‘g hown
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pl at e (sg&ﬁ]&g ' A AN h&ki- DG t ' 06 is
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repose, and the plurality hearing plates 115, are fixed to this
i nner 20 plates (seicend shéaningfpdases) 1The bl ade turning nmotor 118 is fixed to the

bl t 11..9A of .th ' WeTs Y ' h d
o 150" Four B et 5ot o | s 1nkBE it 1D RGr-shimed Btk a0
s pi3 nd IliB( Esrhpidided Ia?_sllppéxt }%opi;)aﬁl 8] (cbg’laidh&)axﬁeough][w&hdsg tdsmtrmcsit thé.?taztﬁmgumebiuag es ’
113, , are xe 0 em e age o , ndl e ; a dis
(rotary pPhind cqzzg@iaz@? %tgtwf%ﬁ%& Gy eRea g Pa%ﬁégiwﬁ?%@ @sibﬁép@ @ﬁ? with
the four lysh ﬁﬁﬁﬂegsl{iﬁaaﬁlhféﬁuﬁbéa R§thlaltlade t:ld%rﬁnﬁ mot&eirHdry driesudey [0 stdhidsndi sk

126. Therefore, e picking-apart device 106 configured as described
above, whain spritgtypk adegtor (gapeathustar} [ d%icandirelosisehepneg 162 dinked tojthe hpttomyr ned

o 2oL SPUERTPSe 90 A 3Rl G TR W B 6, S Blast ne
onto the cipoetfereapipbfacd $6thel ppephgdpley 1t6 issfoaded attam angle not narrower than the
angle of repose, and the plurality of shearing plates 115, 115 ... are fixed to this inner
20  circumferential face.

The blade turning motor 118 is fixed to the movable part 119A of the air spring
type actuator 119 fixed to the body part 120. Four blades 112, 112 ... are fixed to the
upper end of the spindle (rotation shaft) 124 of the blade turning motor 118; four blades
113, 113 ... are fixed to the middle stage of the spindle 124; and a disk (rotary plate) 126

25  is fixed to the lower end of the spindle 124, with the four L-shaped shearing plates 114,
114 ... being fixed onto this disk 126.

Therefore, in the picking-apart device 106 configured as described above, when
the blades 112 and 113 and the shearing plates 114 are turned at about 50 rpm by the
blade turning motor 118, a lump of the blasting medium 34, whose sides measure 100 to

30 200 mm for instance, having fallen onto the upper hopper 116, is roughly crushed into

pieces of 30 to 50 mm in diameter by the shearing force generated between the turning of
the blades 112 and 113 and the shearing plates 115.



pieces of 30 to 50 M in dianmeter by the shearing force generated between
the turning of the blades 112 and 113 and the shearing plates 115. 10 The
| unps into which the blasting medi um 34 has been roughly crushed fall onto
the rotating disk 126 through the bottom outlet of the upper hopper 116,
and sent out toward the outer circunfergnce of the disk 126 by the
centrifugal force of the disk 126. 5 Now, the |lunped blasting nmedium 34 is
separated into fine pieces by the shearing force of the rotating shearing
pl ates 114, andThe dssgdintotvhich thablastingympdiifD34 bat eeemoaghlponshéd fallhnge

hori zont al , bpard),.. 128 ar ed a he bottom outlet of the r hopper
176" and 't ABtoghe rothises Tighd P8 UHGUHY The bR Em qusEt b Hewphg hrset it SARS red
apart i nt guftoR@rdineeRser cliluhif@efi@Soilth@disk N26 ®9IhOEerithfugal Agéd aOthe™ikum 34
fall fromthe gap, and are fed to the doubl e danper 108 via the | ower
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t orque do@stda@tis Supphiad vithhEndy esRirRBd pRE&Moft RER Uenp aNgR, blistiegaadliuh3, | s

narrowed toQ_enhance the picking-apart effect, O if the co iliit ed t.or%e 25
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that torque range, it Is” interpreted aning that the gap 129 is
cl ogged, and t h@&hepmpatagen{ tfe hlhde toreide majemi Iifgs detstisd bylscangrodlen ppbd.
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into a torque variation of the spindle 124. The controller 125, in which a torque (a
certain range of torques) of the spindle corresponding to the torque by which the blasting

20  medium is picked apart is stored, controls the air spring type actuator 119 so as to keep
the computed (detected) torque within that range, adjusts the height-wise position of the
disk 126 relative to the flange 128, and regulates the gap 129 to 8 mm for instance.

Thus, if the computed torque does not surpass the aforementioned torque range, the gap
129 is narrowed to enhance the picking-apart effect. Or if the computed torque

25  surpasses that torque range, the gap 129 is widened to return to the aforementioned
torque range. If the detected torque markedly surpasses that torque range, it is
interpreted as meaning that the gap 129 is clogged, and the operation of the blade turning
motor 118 is stopped.

Furthermore, if the computed torque tends to gradually increase, the controller

30 125 drives a heater 105 fitted to the hopper-shaped reservoir 104 shown in Fig. 1 to heat
the solidified blasting medium 34 through the hopper-shaped reservoir 104 and evaporate

the moisture of the blasting medium 34. Since the blasting medium 34 isin a



30 125 drives a heater 105 fitted to the hopper-shaped reservoir 104 shown
in Fig. 1 to heat the solidified blasting. medium 34 through the
hopper - shaped reservoir 104 and evaporate the noisture of the blasting
medi um 34. Since the blasting nedium34 is in a 11 hygroscopi c sponge
form the progress of solidification caﬂ}be prevented by evaporating the

noi sture of the blasting nmedium 34. Wthin a range not below a certain

| evel (where picking apart requires a considerable force), control is
exerci SEdh%zgtoEéb?)iéiéﬂoﬁgé if&rin, Fhe pragrRa st SelidiHeatiodrodh e Phevehted By dapomting t he
anperage of the blade turning nptor. 118, and in a range not bel ow anot her

| evel , t hthegpeistirs shthedlastngmegdign 3 t hin a normal anper age range.
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pressure a osT U1 Ve-pres as an upper danper

130 and aThewein giakppirt 2 dlastiAf brledilgh of hep rohainpefise k3g@nemd 132 are usual ly
held in a closed, state, when the _, I cki ng-ag&rt devi qb(; 106 iaiadri gen and

20
fine fragments ohe {fine isementsigtonkhich ﬁf%blla‘“’t%c‘ﬁ pay 34 has beep pcked ppa by
quantity iu ﬂiE!@nQ%?Bﬁ Hevid0 108 bR & gﬁf‘% tlolltﬁQ pbﬁtieaﬁfb%ﬁhre“f@e@pi?ﬁ aue Of thbe

pi eces of the blasting nedium 34 and accunul ate on e danper 132.

After t hatpubladamperel (e apé pnagaaticslly fesktonvanhthetdeatiomysdredivg dedcope hid,
pi eceg: of 4t h i ' - Sl Ll ve- f,egd pi pe
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fed toward the Thatoukledsmpeetidy interdaicfo? ttetoyptidicbetwogr thesetidaas from t he
bl ower 28. At the ti when all ,the pieces of the blastin diu 4 gn the
danper 135°PRERHRSHARY gsﬁﬁo AREEHLS HIF%EIep‘PE‘sth P@Slfléé“e'arﬁﬁ‘bfé%i%l?lpe m acﬁlgrrper
132 is cl agegh ufPer uSRBat 1 Mardd Rweedl@peet3ot he reusabl e pi cked-apart pieces
Although these dampers 130 and 132 are usually held in a closed state, when the

20  picking-apart device 106 is driven and fine fragments of the blasting medium 34
accumulate in a prescribed quantity in the damper 130, the damper 130 is opened. This
causes the pieces of the blasting medium 34 to fall and accumulate on the damper 132.
After that, when the damper 130 is closed and the damper 132 is opened, pieces of the
blasting medium 34 fall on the positive-pressure feed pipe 110 and the fallen picces of

25  the blasting medium 34 are pneumatically fed toward the continuous feeding device 26
by the compressed air from the blower 28. At the time when all the pieces of the
blasting medium 34 on the damper 132 have fallen on the positive-pressure feed pipe 110,
the damper 132 is closed. By repeating this sequence, the reusable picked-apart pieces
of the blasting medium 34 can be supplied to the continuous feeding device 26.

30 Reusable pieces of the blasting medium 34 can be prevented from being

damaged by using the double damper 108 as the feeding device as stated above. For



of the blasting nmedium 34 can be supplied to the continuous feeding device
26. 30 Reusabl e pieces of the blasting nmedium 34 can be prevented from
bei ng danmaged by using the double danper 108 as the feeding device as
stated above. For 12 unreusable pieces of the blasting medium 34, since
they may be destroyed, the rotary feed?% 100 is used as shown in Fig. 1.
Incidentally, sone of the pieces of the dlasting nmedium 34 having fallen
from the picking-apart device 106 are delivered into a particle size
measur i nguareufablspicbss dfibe bhastpemedignot 4, aincalthey 133 be Tharqads thelretasy ze
measuri ng ugit 35 rra(?/ c%ri.s%. for instance, an X-ray irradiator for

i rradiati f§9¢h 4589 SR ® BARIB4 wi th X-rays, a particle size gauge for
determ ni ng t herRddntatiye ssthd 81 e pARI8 S MRDIZMng iricdiuh B4 @il ASEh Rdniredi UM
by subjecting the X-ray transmtting inmage to three-di nmensional
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described. Part of the blasting nedium 34 sorted as reusable_ by the sieve
88 dur i ngof wabledgyaticle isigs) afcordiBg kpwhish angisen pHbOBIhs Mafting melivs is ecover ed
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lamp (display unit) to be lit. Incidentally, the part of the blasting medium 34 determined
to be reusable by the particle size measuring unit 135 is supplied to the positive-pressure
20  feed pipe 110 via a double damper (not shown).
Next, a method of evaluating the remaining functional life of the blasting
medium 34 by using the particle size measuring unit 135 will be described.
Part of the blasting medium 34 sorted as reusable by the sieve 88 during the
operation of the sponge blasting apparatus 10 is recovered from the picking-apart device
25 106. Then, the average projected diameter of the blasting medium 34 1s measured with
the particle size measuring unit 135 to prepare the particle size distribution shown in Fig.
9.
Fig. 9 shows diagrams of particle size distribution of the abrasives 30 of a new
blasting medium 34, that of a medium after being used once, and that of a medium after
30 being used twice. According to this graph, the peak value of the average particle size

(e:e = (atb+c)/3) of the particle size distribution of a new blasting medium 34 is a, and

that of a medium after being used once is b. Then, since the relationships of this b to the



bl asti ng nedium 34, that of a nedium after being used once, and that of a
medi um after 30 being used tw ce. According to this graph, the peak val ue
of the average particle size (e:e = (a+tb+c)/3) of the particle size
distribution of a new blasting medium34 is a, and that of a medium after
bei ng used once is b. Then, since the r?%ationships of this b to the 13
usable limt dianeter D (about 2. 8 mm) "Ts b>D, the blasting nedi um 34 of
that lot is determned to be reusable and supplied to the
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life of a blastin di um 34, wherei.n abragi ves 30 arg.stuck .wi thin sponge
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for the bbashiond4¥BA kHHW3IAatithE bladenOMedRAsSHoPhat e hiichchid tHeendBsEs of the
bl asti ng nedium 34 and 20 another based on the projected area of the

bl asti ng Hedfhlimesndtiscardsphnthlagingamedivmadn eyes if drhagfhicen sortadasreusableat
unit-yelu .ec : ting nmedium and stops
bl astygper %‘F@Sﬁé"vﬁﬁéesn{"te}i%{’ﬁé?hﬁg%ﬁg8‘%@%‘5%%3@@&??@ n range of values. On
t he ot her hand, Tai m#lesmpobsibleiagtonatict deeeraniiaiontofahe rethasicing fgediohabinfetoie

solid- gas,separati.n nk 16 wth. the sucki force of the blower 18 is
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20  another based on the projected area of the blasting medium 34, The apparatus has a
controller which measures that unit-volume mass or the projected area of the blasting
medium, and stops blast operation when either has gone beyond a certain range of values,

On the other hand, as shown in Fig. 1, the exhaust air discharged from the solid-
gas separating tank 16 with the sucking force of the blower 18 is introduced into the bag

25 filter 20 via a duct 134. As the discarded air passes filters 136 and 136 of the bag filter
20, it is cleared of the fine dust of the blasting medium and other kinds of dust contained
in the exhaust air and discharged into the atmosphere. Therefore, the working
environment is significantly improved. Incidentally, the dust stuck to the filters 136 and
136 are removed from them by back-washing the filters 136 and 136 and fall into a lower

30  hopper 138. By opening the lid 140 of the lower hopper 138, the dust can be discarded
from the bag filter 20.



environment is significantly inproved. Incidentally, the dust stuck to the
filters 136 and 136 are renoved fromthem by back-washing the filters 136
and 136 and fall into a | ower 30 hopper 138. By opening the |id 140 of the
| ower hopper 138, the dust can be discarded fromthe bag filter 20. 14

I ncidentally, the blasting nmedium 34 pNg§ matically carried to the positive
pressure feed pipe 110 is put into a cyclone separator 142 di sposed on the
upstream side of the continuous feeding device 26, and separated fromair
by this separ at brcidehhadl ybthesilastiggmeatiiom 33preematiedlbdcatriedricathe pbaibive- i nto a

danper 146 dispqsed.in . the.l ower hopper 144 the cycl one separat or
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34 is 1npu om the cyc separ at or ange- over Valve 147 for
so gui di niy dubheftbl Btennbe dedpemi434s bpenedtdfier this [thnklastegamadiom 34 fallsonta o

enter intQ the.tank 22 .(or, 24 t,of thet anks ,22.and 24 ..and ,a_ bl ower
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bet ween each other. Next, the actions of the sponge bl ast

: . 3 : hng %g aratus 10
conf i gur eBY4ePeatias thip senucagy vke Naptingyaediaaci4 seyprplisd Gem thgfyelansnge
bl ast jfig ] ' .kl ng in series the 25
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over valve 147 for so guiding the blasting medium 34 from the cyclone separator 142 as
to enter into the tank 22 (or 24) out of the two tanks 22 and 24, and a blower 149 for

20  continuously supplying the nozzle 12 with the blasting medium 34 from that tank 22 (or
24) by switching over the two tanks 22 and 24 between each other.
Next, the actions of the sponge blasting apparatus 10 configured as described
above will be described.
First, this sponge blasting apparatus 10 is configured by linking in series the
25  self-propelled recovering device 14, the solid-gas separating tank 16, the bag filter 20
and the blower 18 as shown in Fig. 1. Therefore in this sponge blasting apparatus 10,
the sucking force of the blower 18 is transmitted from the bag filter 20 to the self-
propelled recovering device 14 via the solid-gas separating tank 16, and causes the self-
propelled recovering device 14 to recover the blasting medium 34.
30 This recovered blasting medium 34 is sorted by the solid-gas separating tank 16

into a reusable blasting medium 34 and an unreusable blasting medium 34. The reusable



propel | ed recovering device 14 via the solid-gas separating tank 16, and
causes the self- propelled recovering device 14 to recover the blasting
medi um 34. 30 This recovered blasting medium 34 is sorted by the solid-gas
separating tank 16 into a reusable blasting nedium 34 and an unreusabl e

bl asti ng nedi um 34. The reusable 15 blgsting nedium 34 is taken out of the
solid-gas separating tank 16, carried by the blower 28 to the continuous
feedi ng device 26. The conti nuous feeding device 26 has the two reservoir
tanks 22 blastinmtdium/ v shakdheout @ff saddotidbdas separgringetdink o 3ehriied by theeblowput t ed
and, when éhe blastlngﬁgg .um 5 34 stored in the first tank 22 is supplied
to the noZ%fathgsont @4 i ng mediumis carried to the second
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nozsle. | HERUEnRaItyn SR ok 2450 R lish 48 ety 222 aithe SHEC BB

enbodi Menperya@Mfhesé Bnkk 92 akd DA% élhsﬁﬁué&l%&&nﬁﬁshea%y%@luéﬁ&g thé clhzﬁlgGDr e
preferable for a single blower to 15 serve the g@rposes of of them

Furt her ieverielvedrf7iageerdingda thhewinut of Ieye) sensorg tﬁ@)@ﬁbﬂ@d@ﬂa@ﬂsa@e nedi um
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| i nked to, the out tion of the picking-apart device 106, the blower 28
may be I?H’BH?WS ﬁ%%??? A%-pressure feed pipe 110 via an ej ector 111,

and the ej ect or Rfdeedly, ﬂﬁhgﬂﬁ@ dpbfge blas ARSSEI) 8f thefehPdihentRhower 28
may be utjlized to carfy the blastin fum 34 falling fromthe

pi cki ng- aiydfig. Hbas dbecelowers 18q88 @aéatlg?mgggnw@em@ﬁqgab&fnr@esﬂﬁe blogvery{HaT | S
bl ast . eat e e e of abr asi ves Stuck within a
porous el asti ¢ Batherowutheofonfignatiphehown in Fig. 1, the reusable blasting medium 34 is

supplied to the positive-pressure feed pipe 110 via the double damper 108, this is not the

only possible configuration.

For instance, as shown in Fig, 10, the positive-pressure feed pipe 110 may be
20  directly linked to the outlet portion of the picking-apart device 106, the blower 28 may
be linked to the positive-pressure feed pipe 110 via an gjector 111, and the ejector effect
derived from the compressed air from the blower 28 may be utilized to carry the blasting

medium 34 falling from the picking-apart device 106 to the continuous feeding device 26.



and grinds the work, conprising: 5 a recovering unit which sucks and
recovers the blasting nmediumjetted out of the nozzle; a sorting unit

whi ch sorts the blasting medi um sucked and recovered by the recovering
unit into a reusable blasting nmedium and an unreusabl e blasting nedium a
bl ower which gives a sucking force to tgg recovering unit via the sorting
unit; 10 a dust collector which renoves dust from an exhaust air

di scharged fromthe sorting unit with a sucking force of the blower; a

pi cki ng- apE{ATURIGLAINED ISt cks apart the reusabl e bl asting medi um sorted by
the sortipg unit; a continuous feede ich, haV|n | east t reservoir
ke T nt b whi cf PRRSHoH BARRETER Saich AYS ARAIRTIA Y r@&'&ﬁ%ﬁ%@e‘ﬁ@ﬂ&ﬁ?

pi cki ng- aﬂﬁﬁl?e ¢RtnehBdrMBY b 86kasicBARHAS WRHBS a pdrBfs EMBd BetssoR o weppzieach
other to con |nuously feed the nozzle with the blasting nedium deposited
in the tatdbgringsdhewedk. compriaghigeh carries to the continuous feeder the

r eusatg e bl asti ?%cﬁ@gﬁ 1?%[0%%u?l¥ éﬂ?ﬁeé okd g btl'i‘é'tlhg 1%[1 A&Fb% ot QP éfe
bl asti'ng apparatus acc |ng a|n11 ereln piC g-apart unit
i ncl udes: n@zig@t ary vane whi ch picks apart by being rotated the reusable

bl asti ng nmedium havin idifie a heat er. ch heats
the reusabl e bl 289HRgY ﬂﬁdﬁﬁ tﬁﬁlbgaéw%mﬁﬁg‘g“ F‘f@ﬁgénﬁ?ﬁmverf b\é\’{}h eina
hopper - shaReekrRSRHIVALS a %Lﬁﬂﬂ@ 8thstRs edaim hidmh theusMebMsiiiBediand a
controller which drives the heater when the rotary torque of the rotary

vane reaches ot biwepadudsgiyerepucking foscto, therecwri@n@@ﬁgélaﬂhag?mﬁg unit;

appargt us accor : G #5

maasuliblt ng unit %E?%ﬁgﬁ%%éﬁvfe%ﬂare&gﬁ %{Steﬁgﬁg‘%f esoéfhggsﬁ ast |%h %{6 medi um

pi cked apsmtingynit wathpa micikng—fapwrafthmblowea,nd 17 a cont rol | er which prepares
a particle size distribution op. {he basis, of e. S|ze meas d by the
particle size n%B’s‘%’rqgnﬂ’Wt ng‘fbrpé‘?lﬁ appid thegie Eihtl'? g‘m&ﬁﬁﬁﬁ iym %Ortjeﬁl%é's hol d
for judgiihg swhighgiit;a bl asting mediumis reusabl e or reusable with a peak

| evel of the partlcle size distribution prepared and, when
a continuous feeder which, having at least two reservoir tanks into which the

15  reusable blasting medium picked apart by the picking-apart unit is inputted, changes over
the two tanks between each other to continuously feed the nozzle with the blasting
medium deposited in the tanks; and

a carrier which carries to the continuous feeder the reusable blasting medium

sorted by the sorting unit.

20 2. The sponge blasting apparatus according to claim 1, wherein
the picking-apart unit includes:
a rotary vane which picks apart by being rotated the reusable blasting medium
having solidified into a lump state;
a heater which heats the reusable blasting medium having solidified into a lump
25  state in a hopper-shaped reservoir disposed upstream from the rotary vane; and
a controller which drives the heater when the rotary torque of the rotary vane

reaches or surpasses a certain level.

3. The sponge blasting apparatus according to claim 1, further comprising:
a particle size measuring unit which measures a particle size of the blasting

30  medium picked apart by the picking-apart unit; and



5 the peak | evel surpasses the threshold, causes a display unit to display
the usable limt of the medium 4. The sponge bl asting apparatus according
to claim?2, further conprising: a particle size neasuring unit which
measures a particle size of the blasting nedium picked apart by the

pi cki ng-apart unit; and 10 a controllerlyhich prepares a particle size
distribution on the basis of particle Sizes neasured by the particle size
measuring unit, wherein the controller conpares a threshold for judging
whet her a bl ast & ognteslthr whiélsprepenes alphsiode sive dsaiiutioniontthabpaakf patiele of t he

particle size distrjbution prepared and, when the peak |evel surpasses the
t hr eshol d?lZESaIHE%%lf%d@ré’mpéﬁ% 7€ MEAFTE WYL ™98 abl e linit of 15 the

nmedium 5. A spgRa@nlbAst dontharE! NdFesHBIdCdr Higind WRetBBOBRst 2k inh is

apparatus according to claim2 to jet agalinst a work a blasting nedi um of
a sponge fausgtent rausiiieavidra peabrlavdl wé shespariede wize iisiriButisy prgpared aad.i whasody

ises the Lngeal R alPadts BE G chust n AoPRIRAR PRl PENRimI o et

a work a tHeas¢dimm. medi um of a sponge fragnment forned of abrasives stuck
Wi thin a porous elastic body out of a nozzle and to grind the work. 7. A
sponge bl asting net hod which uses the sponge bl asting apparatus accordi ng

to claim4 to jehe §Rig8Blastin@pfardtulhdsriing toBRIM D, Girtifer SBMPEGInk! agnent
formed of abrasives stuck wthin a porous elastic body out of a _nozzle and
to grind the wofRartiels size measuring unit which measures a particle size of the blasting
medium picked apart by the picking-apart unit; and
10 a controller which prepares a particle size distribution on the basis of particle
sizes measured by the particle size measuring unit, wherein
the controller compares a threshold for judging whether a blasting medium is
reusable or reusable with a peak level of the particle size distribution prepared and, when
the peak level surpasses the threshold, causes a display unit to display the usable limit of

15  the medium.

5. A sponge blasting method which uses the sponge blasting apparatus according
to claim 2 to jet against a work a blasting medium of a sponge fragment formed of

abrasives stuck within a porous elastic body out of a nozzle and to grind the work.

6. A sponge blasting method which uses the sponge blasting apparatus according
20 toclaim 3 to jet against a work a blasting medium of a sponge fragment formed of

abrasives stuck within a porous elastic body out of a nozzle and to grind the work.

7. A sponge blasting method which uses the sponge blasting apparatus according
to claim 4 to jet against a work a blasting medium of a sponge fragment formed of
abrasives stuck within a porous elastic body out of a nozzle and to grind the work.

25



