1 ROBOT SYSTEM FOR DUCT CLEANI NG ngLJQ |- &
'BACKGROUND OF THE. | NVENTI ON The present invention at 0 a robot

system for cleaning inside ducts by renoving dust, dirt, etc. attached
and accurmul ated in air-conditioning duct, exhaust air ductQ'PgH$t? 'QOF}
collecting duct, etc. in factories, buildings, etc. Conventi onal

ducts for discharging air or gas-used_ in such facilities as restaurants,

| unch roons, etc. where a |large quanﬂity of oil is used have such probl ens
that oil, dust, and dirt are accunulated in the duct within short tine,
and this often causes fire-or other troubles. ~In a ci?An roomused in
seni conduct or i ndustry an&OBQTa SYSIHM EQRIATCT nGLEAVENGN Y ood i ndustry, it
is desirable to create conditions where dust, dirt, bacteria, etc. are

el imnated. However, even when the roons are thoroughly cleaned up,

probl ens arise that dust, dirt, bacteria, etc. enter the roons through
duct s. In the past, c|RAGKGROUNRQF| THELNVENTION s has: been
performed in various procedures as described bel ow, but satisfactory

met hod sui t abl Bheoprpsenti daventpian selates taor yebotssyistieshdkp* or

perfectly cleaning up inside of the duct. At present, various nethods are
bei ng attg#ﬁﬁgiqg,inside ducts by removing dust, dirt, etc. attached

and accumulated in éir—conditioning duct, exhaust air duct,
dust collecting duct, etc. in factories, buildings, etc.

Conventioﬁal type-ducts for discharging air or gas used

. in such facilities as restaurants, lunch roqms,-etc. where a
large quantity of oil is ﬁsed héve such problems that oil,
dust, and dirt are accumulated in the duct within short time, -
and this often causes fire-or other troubles.

In a clean room used in semiconductor industry and in a
vacuum packaging room in food industry, if is desirable to
create conditions where dust, dirt, bacteria, etc. are
eliminated. However, even when the rooms are thoroughiy
cleaned up, problems arise that dust, dirt, bacteria, etc.
enter the rooms through ducts;

In the past, cleaning operation of the ducts has been
performed in various procedures as described below, but
satisfactory method suitable for practical-application is
hot yet established fqr perfectly cleaning up inside of the
duct. At present, various methods are being attempted by

trial and error as follows:




trial and error as follows: T e T 2 (1) An
air hose is inserted into duct, and high pressure air is sent into
the air hose and is injected, and dust, : dirt, etc. are renoved by the
i nj ected high-speed air stream (2) An object like a streamer is
sent into duct under pressure bé fan, and by hitting inner side of

t he duct by the streaner-1ike object, accunul ated and attached

dust;, dirt, etc. are detached and collected. (3) A nunber of holes are
prepared da) dude, ﬂ%ﬁjh?ﬂﬁm&ﬁcﬁnsertedaFPtelé&m&v|%?4rhﬁghéﬂr?ﬁﬁﬁﬁgh each

of the holes, and internal portion of the duct is cleaned up by
nmanual opéFatiforfent Anto nthecrisi hrgreang d dniartrd duanduwiust,
equal spaC|ngs A devi ce such as_valve is nounted on each of

the holes, and%&Thes@tf RRSremevedeby: the injeqted high-speed:pdrhol e,
and ‘the hose is jerked and noved around by high pressure air to

det ach and renﬁﬁEeﬂﬂ§t dirt, - etc., and these are discharged to

out si de through Vi ny hose or the like via duct outlet. (5) A

not ori zed ?ébo@nlQqﬂ%ﬁixiﬁkﬂcﬁcﬁkFeaﬁﬁH ifneend dato dugk wmdenuct is
cl eaned up using rotary _brushes nounted on the robot.

pressure by fan, and by hlttlng inner 51de of the duct
by the streamer-like object, accumulated and attached
dﬁst, dirt, etc. are detached and collected.

(3) A number of holes ére prepared on duct, and a hose of
air qleaner is inserted through each of the holes, and
internal portion of the duct is éleaned up bj manual
operation.

. (4) A number of holes are formed on.duct yith-equal
spacings. A device such as valve is mountéd on each of
the holes, and a hose-ﬁith smali diametér is inserted
into the hole, and the hose is jerked and movednaround
by high pressure air to detach and remove dust, dirt,
etc., and these are discharéed.to outside through vinyl
hose or the like via duct outiet.

(5) A motorized robot is placed into duct, and inner side
of the duct is cleaned up using rotary brushes mounted
on the rdbot. |
According to the method described in (1) above, it is

impossible to perfectly detach and remove dust, dirt, etc.

accumulated in duct in long time using high-pressure air,



According to the nmethod described in (1) above, it is “inpossible to
-perfectly detach and renove dust, dirt, etc. accunulated in duct in |ong
time using high-pressure air, - ' 3
turbulent air stream etc. In particular, it is often difficult to perform
cl eaning operation in case there is a danper or a branched portion of the
duct . In the nethod described idn (2) above, dianeter of the duct is -
reduced froma position closer to the_air- conditioner to d the bl ow ng
outl et ofwnknlrrE. aBecatieama @&fer TPt BRTFIFHARTad s i MY PR provi ded
at the mddle of the duct, the_stream|ike qgbhject, must be repeatedl.

i nsert ed AiEfiewlt £e Rerfosmy cdeaning, opegation in Lase (fRerg,d8,&,
accurrul ated in long period and firnly attached the effect to renove dust
is very |damper ox acbBraprietoPrrdion I‘?Jd‘%‘% dictyescribed above, it is
possible to clean_up a duct wth |arge dianeter, while 70.to 80%.o0of the
ducts current Ep the @ethosd daagribedine{2) abeyes Hipmskers "r%tt%ry
effrcient_in case of the duct with ,snallﬁgjaneter. éﬂécu_cleaning

oper at i ofthnk® BHeduged: Sramg agResidions Sl Ee (R FthTtectura

reasons. . According to _the thod (4) as descrihed above, high-
pressur e nditicrar tAVsEghthey 'Wé”&(ﬂ‘ﬂtle*vé?’be‘géﬁu ot hos%e fSsmal |

dianeter is noved and jerked around to )
a damper (forjvolume ad%ustment) is provided at the middle -

of the duct, the stream-like object must be repeatedly
insertgd, and this is not very efficient. Also, in case

dust has been accumulated in long period and firmly attached,
the effect to remove dust is very low.

AccordingftO'the method (3) as described above, it is
possible_to’glean up a duct with large diametei, while 70 to -
80%_of the ducts currently in.use'have smaller diameter.

This method is not very efficient in case of the duct with
small diameter. Aiso, cleaning operation cannot be
performed due to restriction from architectural reasons.

' Act;':brding to the .metho'd (4) as deécribed above, high-
pressure air is éent_through a device such as valve and a
hose with small diameter is moved and jerked #round to
detach the dust. HoweQer, it is not possible to have air
flow moving at high speed, and the effect to detach and
remove the accumulated dust is low. Moreover, if the &inyl
hose leading from the outlet to outside is removed, dust may

scatter all over the room, and much labor and time may be



detach the dust. However, it is not possible ta:have air flow noving at"
ki gh speed, and the effect to detach and renove the accunul ated dust is

| ow. Moreover, if the vinyl hose |eading fromthe outlet. to outside is
removed, dust may scatter all over the room and much | abor and tinme may
be 4 -required to elimnate the trouble,
and this is not recommendable.  4The nmethod described in (5) above is
advantageous in that it is possible to partially record cleaning

condi t i on.redivieedr toi elimdimatiecrthe cxoubilst cand thid 48 dafper in the
duct, sone portion of the duct may not be cleaned up using the notorized
robot due tecdédimesndablel. t-he.duct, and this” nethod | acks suitability for
uni versal application. SUMVARY OF THE | NVENTI ON

To sol ve the alee mutldndes¢ribedainolfpkcaboiret As agvantageom@nifon to
provi de a robot systemfor duct cleaning, by which it is possible to

det ach ancthzbtoit despossdblie tst @attisllky aecerdackeaningngondiitiemd t o
reduce personnel cost and other cost, and which can be applied to any
type of diidwever, hin icasendthesre difj e odstaclersucht apndampe i Previ de

a robot systemfor duct cleaning, by which it is possible to

duct, some portion of the duct may not be cleaned up using
the motorized robot due to fhe size of the duct, and this

method lacks suitability for universal application.

SUMMARY OF THE INVENTION

ﬁo solve the ab&ve_problems, it is én'object of the
present invention to provide a robot éystem for duct
cleaning, by which it is possible to detach and remove dust,
dirt, etc. inside a duct almost completely and to reduce
personnel cost and other cost, and which can be applied to
anj type of duct.

It is another object of the present.ihveqtion to provide
a robot system for duct cleaning, by-which it is possible to
detach and rémove dust, dirt, ete. accumulated inside the
duct easily and very efficiently.

According to the present invention, the detached dust .
now in floating state can be sent in backward directién
without causing the detached dust to move downward or to
precipitate'and the dust can bé easily collected into a hose

of a dust collector arranged at backward position.



_detach and renove dust, dirt, etc. accunul ated inside the duct. easily and
wvery efficiently. According to the present invention, the detached

dust nowin floating state can be sent in backward direction wthout
causi ng the detached dust to nove downward or to precipitate.and the dust
can be éasily collected into a hose of a dust collector arranged at
backwar d position. 5 5 To attain the
above objects, the robot system for duct cleaning used for detaching and
renovi ng dustTo id¥taint fhe” gbpyehopigactsac khrizrkert | s¥siemy fax 1Avehpri ses
a robot for 6 detaching and renoving dust, dirt, etc, inside the duct, and

‘a hose oflfagddg wHeddexr dormekinvg aBdqtemoyARg Pt ordixtekPhS t he
det ached dust _by turning pressure inside the duct to negative gressure,
o

wher eby BA&achsst and Aosymptrted: inpidenaudpesd cOMREESdy A FOPPEMERF air
hose made of _freely flexible material, and the rqbot  is noved forward by
i nj ecti nSetACPIMT ARDRIRYIRY| deBE; oAITE, etene iRFHhAe Mo ofHEE 0FRt L S
and advant ages of_the, invention wll become nore apparent fromthe

fol | owi n§ h@&ecofHd spst collector conngpted besdwatrang arsedefoRawW NGS

Fig. 1 is a_perspective view of a robot systemfor duct _ cl eaning according
to the pﬁgggﬁpqlghﬁﬂqqﬁpched dust by. turning pressure inside the

duct to negative pressure, whereby the robot is provided
with brush units rotated by air from an air hose made of
freely flexible maferial, and the robot is moved forward by
injecting the air in backward direction.

The above and éther osjects and advantages of the
invention will become more apparent from the following .

description:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective Giew of a robot system for duct
cleaning according to the present invention;

Fig; 2 :epresenté a side view and a rear view of main

', units of the robot system for duct cleaning;

Fig. 3 is a pértially cutaway cross-sectionai view of
the main unit of the robot system for duct cleaning;

Fig. 4 is a front view of a brush unit of the main unit
oflthe robot systém for duct cleaning;

Fig. 5 is a front view ofuthe main unit of the robot

system for duct cleaning according to the present invention;
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Fig. 2 represents a side view and a-:rear ‘view of main ‘units of the robot

s;system for duct cleaning; Fig. 3 is a partially cutaway
cross-sectional view of the main.unit of the robot system for duct

cl eani ng; Fig. 4 is a front view of a brush unit of .the main unit of
t he robot system for duct cleaning; Fig. 5is a front view of the main
unit of the robot systemfor duct cgeaning according to the present ,

i nventi on; ' : 6 Fig. 6 is a side view

of an exanpl eFafy.a € cbwta sysdenviewr ofolane canplacof cheraPRE SYSHER t e
cl eani ng operation by the robot systemfor duct cleaning of the present
i nventi onfor colEegtihg the sEmainingl dipkysfiter G afming PRSVRFERPE of
the robot systemfor duct cleaning according to the present invention,
showi ng Hew thewepbot @ystem £q4% dugti clgasing @ s RERI®RE enbodi nent
of the robot systemfor duct cleaning. ' DETAI LED DESCRI PTI ON OF
THE PRIFERRr&nEMBODI MENTS In the follow ng, description will be given
on -enbodinents of the present invention referring to_the attached
dr awi ngs. Fily g.7 1i$ saaspbempticale ililnsrationpef apsemhodimepfof
the robot system for duct cleaning accoxding to the present
invention, showing how it works; and
Fig. 8 is a side view of another embodiment of the robot

system for duct cleaning.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following, description will be given on
embodiments of the present invenﬁion referring to the
attached;draﬁings.

Fig. 1 is a perspective view of a robot system for duct
cleaning according té the present invention. From an air
compressor, air 8 is introduced into a air drying unit 11
through an air hose 20. Mbisﬁure is removed while the éi:
is passed through moisture removing units 1l2a, 12b, 12c¢, and
12d, and it is then sent iﬁto an air hose.13.

The air hose 13 is connected to an air hose 15 via an
air hose drum 14. At thé tip of the air hose 15, main units
23 and 23’ of the robot system for duct cleaning ére |
connected via a connector 21.

As shown in Fig. 2, the main units 23 and 23’ of the



cl eaning according to the present--invention. :From.an-air conpressor, air .8
i’s introduced into a air dryi'ng unit 11 through an air hose 20. Misture
is renoved while the air is passed through noisture renoving units 12a,
12b, 12c¢, and 12d, and it is then se into an air hose 13. The air
hose 13 is connected to an air hose 18 via an air hose drum 14. At the tip
of the arbbutsasystemeforudutt cléanlifg? domprides rasmidctivotn pdpeduc

cl eaning are connected via a connector 21. As shown in Fig. 2, the
mai N uni and3’angesSwedlihte the connector 21 in such manner that et
system for duct cleaning conprise respectively pipes and 1' screwed into

t he connpdipers Zire diresttedninr dififereht dineetiorss dit cahecangledi ff erent
directions at an angle, rotating conponents 3 and 3' rotatably engaged

Wi th t herotiateing compdnents Brand 87 xirogatakily emyaged withi $heengaged at
the-tip of each of the rotating conponents 3 and 3'. As shown in Fig. 4,
each of papees amdd 5 and bpushdfixing unitsedenindi4Ui ££ehmlen at the
forward portion of each of the brush fixing units 4 and 4' so that the
brushes eanhgagud attl thefbipasf dathRCcbfothe rotalsimhvemponéhgs 3, and
pipes 1 and 1' and the rotating conponents 3 and 3' are rotatably engaged
W th eacB’at hAs shicwrbeai iFigs. 24, asskcRbof chpashasclSy and 57 ALs hspreldhol e
7a is forned at the tip of the pipe 1.

in circumferential direction at the forward portion of each

of the brush fixing units 4 and 4’ so that the brushes are

spread in forward direction.

As shown in Fig. 3, the pipes 1 and 1’ and the rotating
components 3 and 3’ are rotatably engaged with each other .
via bearings 2a and 2b respectively. |

. 'A through-hole 7a is formed at the tip of the pipe 1
(1'),.and an impeller 6 is fixed on inner periphery of the -
rotating component 3 (3’) closer to the through~hole 7a. At
the center and at the rear end of the rotating component 3
(3’), air nozzles 7b and 7c are provided respectively.

After being discharged from the through-hole 7a, tﬁe air
strikes the impeller 6 and gives rotating force to it. Thus,
the rotating component 3 (3’) is rotated together with the
brush 5 (5() at high speed, and the air is discharged
through the air nozzle 7b. At the same time, the air

discharged through the air nozzle 7c gives reverse blowing

force to the rotating'component 3 (3’). As a result, the



((1'), and an inpeller 6 is fixed on innér-périphery of the ‘rotating
gonponent 3 (3') closer to the through-hole 7a. At the center and at the
rear end of the rotating conponent 3 (3'), air nozzles 7b and 7c are

provi ded respectively. After being discharged fromthe through-hole
7a, the air strikes the inpeller 6 andgagives rotating force to it. Thus,
the rotating conponent 3 (3') is rotateg together with the brush 5 (5') at
hi gh speed, and the air is discharged through the air nozzle 7b. At _the
same tinerotatizig conpenangsdame aayed HEorFardoybide/bedngeFatatade
blowing force to the rotating conponent 3 (3'). As a result, the

8 rotating cobposbewrn dme Biged? fardaFagwhplcWheel§ Soage connectad trown
in Fig. 2 and Fig. 5, wheels 9 are connected to the connector 21

respect i véhe \wenngetor sRaf respectively arka vhaelopbafiso 10 ¥RAFH %Rt h
resilient property). Accordingly, the rotating conponent 3 (3') is

smoot hl y made] of @iene wirehdwires|with eshbigrti BROBPTEN? -wheel shaft 10
made- of piano wire, -the rotating conponent 3 (3.) is rotated, _noved
forward oRgasudingtyunhen® imgh rremponent 3t (37 )i 6, SBECtR RYSRed
i nsi de the duct can be perfectly detached and noved away.

: Ln the
above enb&ginmand kbyothRewhesdait-s BY rﬁﬂ]t%‘ﬂ:’-%t%fvm%lyghﬁﬁé shasf 10

respectively above and under a virtual )
made of piano wire, the rotating component 3 (3’) is rotated,

moved forward or jerked around in éuch.manner that dust,
dirt, etec. accumulated inside the duct,éan be perfectly
detached and moved away.

In the above embodiment, two wheel shafts 10 mounted
with wheels are fixed reépeétively aﬁove and under a virtual
plane connecting the rotating cohponents 3 and 3’'. As a
result} éven when the rotating damponents 3 and 3’ are

" turned upside dowg, these can be operatéd without any
trouble. _

After being detached from the duct, dust, dirt, etc. are
sent backward together with the air, which is discharged

;  through the air nozzle 7ec.

As shown in Fig. 7, dust, dirt, etc. sent backward are
collected in a filter box of a dust collector through a hose
26 of the dust collector connected with the duct.

A turbo type fan is connected with the dust collector,
and when the dust collector is operated, pressuré inside the

duct to be cleaned up is turned to negative pressure. Thus,



pl ane connecting the rotating conponents 3 and-3':-As-a result, even ‘wheén
the rotating conponents 3 and 3' are turned upside down, these can be

’operated wi t hout any trouble. After "hei ng detached fromthe duct,
dust, dirt, etc. are sent backward together with the air, which is
di scharged through the air nozzle 7c As shown in Fig. 7, dust, dirt,

etc. sent backward are collected in ngl|tel’ box of a dust collector

t hrough a hose 26 of the dust. collector connected with the duct.

turbo typetfas pessdiectted efifigctinelmsokincectbe, regayeth s the ‘?ﬂﬁF'
collector is operated, pressure inside the duct to be cleaned up is turned

to negati&ecpressure. Thus, - 9 it is
possible to effectively col l ect the renoved dust, dirt, etc. Wien t he
MRin units 23 Wamh 2the gnaincunbbst 23yandn2Bsr ofgthe Johek r%Y%F%mrTE\?
forward, the air hose 15 is unwound fromthe air hpse dr m.1 aatl ng
the air hdsetdcleaning myeveourd forpardn thecairr hpgesl ’1% %

and main units 23 and 23" of the robot systemfor duct  cl eani ng, are goved
backwar d. £xrom the sHowhase rixpm 114 ¢ h&¥igo faking  the 131Fs Pétea?jéﬂ"?)yl

notor 16. A control box 17 is operated using a_portable .
in reverse d:.rect:x.on, the air hose 15 is wound up, and main

units 23 and 23’ of the robot system for duct cleaning are
moved backward.

As shown in Fig. 1, the air hose drum 14 iS'rogated by a
motor 16. A control box 17 is operated using a portable
wireless switch, and rotation of the motor and air flow into
the air hose 15 are controlled. Also, forward and.backward
movements and stopping of the main units 23 and 23’ of the
robot system for duct cleaning can be controlled. In the
figure, reference numeral 18 :epresents-;n-antenha for
wireless.commnnicatiOn.

It is.preferable that the air hose 15 used in the
present invention is about 20 to 30 mm in diameter, and it
is resistant to pressure of ﬁbout 7 atmospheric pressure and
is made of synthetic resin, which is iightweight, sqft and
flexible.

Fig. é shows a robot system for duct cleaning of the
above embodiment, which can be moved after cleaning
operation. .In this example, reverse injection nozzles 19

are connected to the air hose 15 via the connector 21.




wireless switch, and rotation of the notor and-air“fl’owinto the air hose
i5 are controlled. Al so, forward and backward novenents and stoppi ng of
the main units 23 and 23' of the robot system for duct cleaning can be
controlled. In the figure, reference nuneral 18 represents an antenna for
W rel ess communi cati on. It is prq?erable that the air hose 15-used in
the present invention is about 20 to 30 nmin dianeter, and it is"
resistant to pressure of about 7 atnospheric pressure and is nade of
synthetic resiBachhpEhthe kieyemas dinjeckion mezzlesxll comprisqes a ¢
shows a robot system for duct cleaning of the above enbodi nent, which can
be noved metedldiedmkiow dpedyt 24nof| ellipsoidadn| shapeEisrlynfiditesh
nozzles 19 are connected to the air hose 15 via the connector 21. :
10 Eevheaich lof mipesclanj @ri veanopersiong ofpihe hallow bedy 24,
hol |-ow body 24 of ellipsoidal shape firmy fitted on each of pipes la. On
rear portaonumbeghefhorivvndsgdessare; foamest. of sheadozinet shewndr ksd. A
wheel (not shown) is connected to the connector 21. Each of the
hol | ow bogrepertead tm\hefeenpeadtpy dverse injection force of
high-pressure air introduced into_ it. Then, the hollow bodies 24 nove and
jerk all over Bachdeft khe hoddowrhasliemi24iis peveds fgawaxs &y wevarse
i nj ected high- .

. in%ection force of high-pressure air introduced into it.

Then, the hollow bodies 24 move and jerk all over inside thef
duct. Turbulent air flow is generated by the injected highf
pressure air 25, and accumulated dust, dirt, etc. inside the
duct are rgmoved by the turbulent air flow. The dust, dirt,
etc. thus detached are sent backward by the reverse
injection force and are collected in the dust collector. By
the air flow f£from the reverse injecﬁion nozzles 19, the
robot system for duct cleaning of the above embodiment is
moved after cleaning operation, and the remaining dust in
small quantity can be collected.

Fig. 7 shows an embodiment of the inveﬁtion, in which
the entire sﬁace inside a horizontal duct system including a
main duct and branched ducts is cleaned up by the robot
system for duct cleaning.

High-pressure air discharged from a higﬁ—pressure air
compressor is sent into an air drying unit 1l via an air
hose 20. Moisture in the high—pressure'air is removed by

the moisture removing unit 12. The air thus dried is




pressure air 25, and accunul ated dust, dirt, etc..inside the. duct are
fenmoved by the turbulent air flow. The dust, dirt, etc. thus detached are
sent - backward by the reverse injection force and are collected in the dust
collector. By ‘the air flow fromthe reverse injection nozzles 19, the
robot system for duct cleaning of the_ above enbodinment is noved after
cl eani ng operation, and the renainingldust in small quantity can be
col | ect ed. Fig. 7 shows an enbodi nent of the invention, in which the
entire spagerodisceld tnhor thenailr tose shstthmough uamngix hesien IR @andnal
branched ducts is cleaned up by the robot system for duct cleaning.
H gh- pr essateeriged disomalged from a high-pressure air conpressor is sent
into an air -drying unit 11 via an air hose 20. Misture in the
hi gh- pr essur eTher aiis dertoodhded inko nohetaiz hosevildy imithean sent &or
thus dried is i ntroduced into the air hose 15 through an air
hose 13 b amaimtenited2drandl23’ of the xobotnsystemeforndmathe air hose
15 is then sent to the main units 23 and 23" of the robot systemfor duct
cl eani ng.clanirg s e\RY sthe nreverse finjectdon fonge of hthegadynutdreed dust
inside the duct is renoved by rotating brushes, and the robot is noved
forwar d. admamuobatedydultr inside the duct is removed by rotating
brushes, and the robot is moved forward.' The robqt further
passes through irregular passages of the branched duct or in
shielding plate (damper) inside the duct and performs
cleaning operation. _
When it is detected that the main units 23 and 23’ of
the robot system for duct cleaning have reached a branched
‘duct according to the length of unwound portion of the air
hose 15, the air hose'ls is rotated to some extent to change
‘the direction of the robot main unit.  Then, the robot main
unit smoothly enters into the branched duct by the force of
. reverse injection.
The removed dust now floating in the air is sent
backward by the reversely injected high-pressure air and is
sucked by the hose 26 of thé dust collector arranged near an
air-conditioner located at backward position.
Fig. 8 shows an example of cleaning operation in a
vertical duct using the robot syétem for duct c¢leaning

according to the present invention.

The main units 23 and 23’ of the robot for cleaning duct



passes through irregul ar passages -of-the branched duct: or in shielding _
pl ate (danper) inside the duct and perfornms cl eani ng operation. When.
it is detected that the nmain units 23 and 23" of the robot system for duct
cl eani ng have reached a branched duct according to the |ength of unwound
portion of the air hose 15, the air jpose 15 is rotated to sonme extent to
change the direction of the robot main unit. Then, the robot main wunit
smoot hly enters into the branched duct by the force of - reverse injection.
The renovatedosivetbwidwmasrlongi thehyegitidal st vwhickeoremoyingednsier sel y
injected high-pressure air and is sucked by the hose 26 of the dust

col | ect or insidegcthenatuctrbyarevessd tinjesrtion faxcatobHathaariirposTheon.
Fig. 8 shows an exanpl e of cleaning operation in a vertical duct using-the
robot sysremofred dhrst chewnfhgatingodd rihe @ithdpmoeed dowanbyon.

The main uniits 23 and 23' of the robot for cleaning duct

12 are neuetidawfatomgof htheeduistalcaddsctar Iposictioned woder thei de the
duct "by reverse injection force of the air. The renpoved dust now fl oating
in the aiduct mncedsioonlbgctedciinorkhiepdustofcakkeaikex. col | éct or positioned
under the duct and is collected in the dust collector.

The hose of the dust collector is arranged at a position
upstream of the flow in the duct. In case of an air-
conditioning duct, it should be érranged at a position
closer to the air-conditioning system. In case of an
exhaust air duct at factory, it should be arranged at a
position closer to an exhaust fan. In case of a dust
collecting duct, it should be arranged closer to the dust
collector. ~As a matter of course, operation of the air-
conditioning duct should be stopped during cleaning
opération. In this ﬁay,_by arranging the hose of the dust
gollector at a position upstream of the flow, it is possible-
to prevent intrusion of the removed dust into the branch
duct, and dust can be effectively coilecﬁed into the dust
collector.

As-described above, a simple mechanism to reversely
inject the air is adopted.iﬂ the present invention, and the
robot for cleaning duct can be moved forward, rotated or
jerked or shaken around. As a result, dust, dirt, etc.
accumulated inside the duct can be easily and efficiently

detached and removed. Because the air is injected in



The hose of the dust collector is arranged at-a position upstream of the
flowin the duct. In case of an air- conditioning duct, it should be
arranged at a position closer to the air-conditioning system In case of
an exhaust air duct at factory, it should be arranged at a position .
closer to an exhaust fan. In case of a dust <collecting duct, it should be
arranged closer to the dust collectorpg As a matter of course, operation of
the air- conditioning duct should be.stopped during cleaning operation.
In this wiackwandr digesficme hhee detached dustcdn| €drating £ 4Rke tFR
upstreamof the flow, it is possible to prevent intrusion of the repoved
dust int o beesenrtinbackyaad and idusis ereventedeErrRerpvisg &eW3Fd ©Fhe
dust coll ector. As described above, a sinple nmechanism_to reversely

i nj ect theExgm Pregipptaring + pndrthedushvean ba, eagdlyheoldqrkedor

cl eani ng duct can be noved forward, rotated or jerked or shaken around. As
a resul t, knke, therhoset of thadusticeellesteor ansanged ainbsckwardy and
efficiently detached and.renpbved. Because the air is injected in

13 backwarpPsf®denrion, the detached dust in floating state can be sent
backward and it is prevented from noving downward or. from precipitating,
and the dust c¥unihensithe copbett system orhdurds clganing st dEaVeac 5T

arranged at backward .
the air, and this means that there is no possibility to

cause fire, which may occur by ignition of cotton dust orx
the like inside the duct because of electric shorting.
Because the duct cleaning robot can be designed in
compact size, it can be applied to any type of duct. In
addition to universal application, the robot can reduce
" personnel cost and other cost compared with the conventional

technique used in the past for duct cleaning.



positidn Furt her, the robot system for duct cl eam Iiﬂls driven

the air, and this nmeans that there is no possibility to ﬂﬂ,!ll" ﬂlMl’ch

may occur by ignition of cotton dust or the like |n5|d
of electric shorting. - Because t-he duct cleaning robot can be deS|gned
in conpact site, it can be applied to any type of duct. In addition to

uni versal application, the robot can retitice personnel cost and other cost
conpared with the conventional technique used in the past for duct

cl eani ng. 14 CLAI M5
1. A robot system for duckLAIMS&ning for detaching, renoving and
cleaning dust, dirt, etc. attached and accumul ated inside the duct,
conprising a robot for detaching and renpvi ng dust, dirt, 3 n5|de t he
duct, and a hbse of & %E?tcﬁYFg@!“onf%% &Leapingt Eofdates

sucklng t he detached dust by turnjng pressure jnside the duct to negatlve
pressur e, SRS 3nd FIBBRiNg At (9EGr uBRtarPed A8t ed by air
froman air hose nmade of _freely flexible materjal, and thefrobot is noved -

forward bfRCquHFELatad %ﬂé‘gﬁrtpﬁIﬁﬁﬂ&wn???ﬂ¥%ﬁ%?8na roboty£or A opot

system according. to claiml, wherein sa
y detacﬁang and removing dust, égrt, etc. inside the duct, and

a hose of a dust collector connected to duct and used for
sucking the detached dust by turning pressure inside the
duct to negative pressure, whereby said robot is'provided
with brush units rotated by air from an air hoée made of
freely flexible material, and the robot is moved forward by
injecting the air in backward direction.

2. A xrobot systém according to claim 1, wherein said
hose of the dust collactor is arranged at a position
upstream of the flow in said duct, operation of an air-

. conditioner or other equipment is stopped during cleaning
operation of the duct, and pressure insidé the duct is
turned to negative pressure through the hose of said dust
collector.

3. A robot system according to claim 2, wherein the
air from éaid air hose is injected backward to move the
detached and removed dust in packward direction and the dust
is collected from the hose of the dust collector.

4. A robot system'according to c¢laim 1, wherein

pipes are connected to fip of the air hose either directly



hose of the dust collector is arranged at a p05|t|on | ow
Jn said duct, operation of an air- conditioner ﬂ@! mm '!I! L

st opped during cleaning operation of the duct, and pr Ll

duct is turned to negative pressure through the hose of said dust

col | ector. 3. A robot systepgaccording to claim2, wherein the air
fromsaid air hose is injected backward to nove the det ached and renoved

dust col PEcFam @ ‘Comiecton A3 ALy BB AORRERR T AN 3 S, %h“%%&% n
L B o S il W IR o
?: ;md;sgrf)%:g%%%mfhr??%’geﬁl g% OLE&, Sh oo ecii pi pesa;érléggz%l/gzizie/rs
|ng ?ﬁgfds ﬁtjﬁf?ﬂ"amight SrCE:FEZr ogt % rotating corrponegt
A robot s";%éj(eerﬁ c%%ﬁ‘%l’ﬁﬁggglﬁgaf’wg°n\ﬁﬁ‘é:n%n%j 1vé1 ar efgonnté'ct %o said

o s, the tEz0aghMo168°%0t' Flhar Fition g LERL 58kdeaQiAt i ng

component so that said rotating components can be moved
forward and rotated.

'5.' A robot system according to claim 4, wherein
wheels ére connected fo said connector via a wire having
fésilient property so that said rotating components can'be.
moved forward, rotated, jerked and shakeh around.

6. A robot system'according to claim 1, wherein. the
aiﬁ from a high-pressure air compressor is dried in an air
drying unit, and the dried air is introduced into the air
hose. |

7. A robot system accoiding to claim 6, wherein said
.dust collector comprises an air filter for collecting the
detached and removed dust and a turbo type fan.

8. A robot system according to claim 1, wherein
there is provided a robot for collecting small quantity of
the dust remaining inside the duct after cleaning operation
of the duct by the robot for detachigg and removing dust
inside the duct, whereby a nozzle for reversely injecting

the air in backward direction is connected to the air hose



moved forward, rotated, jerked and ‘shaken around.- 3 robot Sﬁi

according to claim1, wherein the air froma hi gh- pres ’!IHUju !mlm R

is dried in an air drying unit, and the dried air is i

air hose. 7. A robot system according to clai-m6, wherein sai d
dust collector conprises an air filter for collecting the detached and
renoved dust and a turbo type fan. 16 g A robot system according to

claiml, wherein there is provided a robot for_collecting small quantity
of the did® ReRRPRSRFITsitheeke anet cappectadkin n"gh%p‘é?aPPGﬁ°rof anek
duct by the robot for detaching _and renoving dust _inside the duct,_  whereby
a nozzl e $8icr BPERIE 1S MAted nfervardai derkesh aakrshaker carennds by
connected to the air hose o 16 via a
connect orfeHREERs 1gJectdmr dierce cofhtheoAdact or, and said nozzle is noved
forward, jerked and shaken around by reverse injection force of the air.



