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DESCRIPTION

Apparatus for Sampling Dust in a Duct

Technological Field

The present invention relates to an apparatus for sampling dust
and other dirt accumulations in a duct while traveling therein. to
examine the kinds and properties of the sampled, the apparatus enabled

to travel even in a narrow duct with such a small inner diameter as

150 mm.

Background Art .
Such narrow ducts as can not be internally accessed by a person
have had their inside cleaned by.naking travel therein a small-sized
cleaning apparatus consisting of a traveling truck equipped with means
for removing dust and contaminations accumulated on or adhering to the
inner surface of the duct. Such small-sized duct cleaning apparatus -
may, however, be said to be still under development. In additionm,
attention has been paid principally to the technology of effectively |
discharging dust and contaminations from a duct; but it has not. been
enough' taken into account to examine, in advance, the kinds, prbberties.
state of acéumnlat:lon and adhesion of the dust in a duct to-be cleaned.
Recently, however, the dust and dirt accumulations in a duct have
come to have their kinds, properties and state of accumulation and
sticking diversified very widely In SOme cases very specific foreign
substances are found sticking and accumulating. Therefore, to clean

the inside of a duct effectively it is important to grasp, in advvance,

the kinds, features and state of sticking and accumelation of foreign
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exam ne the kinds and properties of the sanpled, the apparatus enabl ed

to travel ‘even in a narrow duct with such a small inner diameter as 10 150
nn Background Art - ; " Such narrow ducts as can not be internally
accessed by a person have had their inside cleaned by making travel
therein a small-sized 15 cleaning apparatus consisting of a traveling
truck equi pped with neans ‘for renoving dust and contam nations
accunul at ed ¥P82288hering to the i nner - surface of the &&IEPIAHTA
smal | - si zed duct cl eani ng appar at us lnnﬂ-homever, be said to be still
under devel opnment. I n addition, attention has been paid principally to
the technol ogy of effectively 20 discharging dust and contam nations from

a duct; but it hagthas ff8Nduct boRRYudRtitakiRely Rhe RELQHPivelP. CHGWBVEE, thd
advance, the kinds, properties, - state of accunul ati on and adhesi on of
the dust in a ducppsratize fot exagihing the properties of the contaminations in a
narrow duct has not been enough developed so far.
The applicant of the present patent application provided an
05 apparatus for.searching in a duct both in Japane Patent Application
No. 4-220683 and in the U.S. Patent No. 5,311,641, but the apparatus
has no function of dust sampling.
Accordingly, the present invention aims at eliminating such a
disadvantage in the conventional technology and makes it an object to
10 provide an apparatus for sampling dust in a duct to grasp the kinds,

properties, state of accumulation and sticking of the contaminations in

the duct in advance of cleaning the duct.

Disclosure of Invention _

15 To achieve the above object, the apparatus for sampling dust in a
duct, in accordance with the present invention, comsists essetially of.
a traveling truck capable of traveling forwardly and backwardly in a
duct, a TV camera for observing the inside view of the duct. bucket

_ means for sampling accumulations in the duct, said means being provided

20 at the head of the traveling truck., and a remote control portion for
remotely control said traveling truck, said TV camera and said bucket
means for sampling accumulations in the duct.  The above constitution
is a first feature of the apparatus according to the present invention.

In addition to the above first feature the apparatus according to

25 the present invention'has its traveling truck further provided, as a
second feature, with a compressed air ejection nozzle for ejecting
compressed air jet toward the dust aocumulation§-1ying in front of the

traveling truck, said compreséed air ejection nozzle being operated by
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Recently, however, the dust and dirt accumul ations in a duct have _come
to have their kinds, properties and state of accumul ations and 25 sticking

diversified very widely. In sone cases very specific foreign substances:
to clean t he i nside of

are found sticking and accunul ating. Therefore, _
a duct effectively it is inportant to grasp, in advance, t he ki nds,
features and state of sticking and accunul ati on of foreign
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said remote control portion.

The apparafus according to the present invention makes it a third
feature, in addition to the above first and the above second feature,
that the bucket means of the apparatus comprises a shaft supported by

05 and between a pair of supporting elements projecting forwardly from the
front part of the traveling truck, a pair of rotation arms supported by
said shaft rotatably around the same, an air cylinder for making said
pair ‘of rotation arms turn between a standby position and a scooping
position, a-hydraﬁlic damper for deadening the iurning speed of the

10 rotation arms made to turn by said air cylinder, and a sampling bucket
detachably attached to and between said pair of rotation arﬁs.

According to the first feature of the present invention an
operator of the apparatus can, by operating the remote control portion,
observe the situation inside a duct through the'TV camefé'ﬁaunted on

15 the traveling truck while making the same travel in the duct. When the
traveling truck comes to a place where dust sampling seems necessary,
the operator can sample dust accumulations by manipulating the buckst
means through the operation of the remote comtrol portion. With the
sampling finished the traveling truck is returned to the entrance of

20 the duct, and the the sampled dust accumulations are take out for
analysis.

According to the above first feature the apparatus of the present
invention comprises a traveling truck capable of traveling freely in a

~duct if put therein, a TV camera mounted on the traveling truck to

25 observe the inside view of the duct, bucket means attached to the head
portion of the traveling truck to sample acumulations in the duct, and
a remoté control portion for remotely controiling said traveling truck,

-said TV camera and said bucket means.
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matters in a duct both quantitatively and qualitatively. However, the _
apparatus for exam ning the properties of the contam nations in a narr ow
duct has not been enough developed so far. The applicant of the
present patent application provided an 05 appar atiis for searching in a duct
both in Japanese Patent Application No. 4-220683 and in the U S. Patent

No. 5311641, Xgﬁéwb%g%apparat us hae no funcftlpn of dust salgeqlldpggoo.m

Accordi ngly, ent invention ains at glimnating such
di sadvantage in the conventional ‘technol ogy and nmakes it an object to 10
provi de an apparatus for sanpling dust in a duct to grasp the Kkinds,
properties, state of accunulation and sticking of the contamnations in
t he duct in advance dherdforne. ag dpersatduaif. the apparbBtusctas ubye madnsl of @gkdten 15
To achieve the abore 00 seivos e biantion insdue 3 st thbosgh the 17 sanera
mounted on the_traveljng truck by making the traveling truck travel
even in such a.narrow duct“that.can not be acceesed internally by a
05 pereen. and'further the operater can remotely control the bucket means
so as to sample accupulations in the duct where dust sampling seems
necessary. After the sampling. the traveling truck can be returned to
the entrance of the duct, and the sampled accumuletions are taken out
for analysis. N | _
10 According to the above second feature of the present invention,
| in addition to the working in accordance with the above first feature,
an operator of the aﬁparatus can neke an oesefvation by means of the TV
camera nhxle naking the traveling truck travel in a duct and blow off
accunulations. as occasion demands, - by making compressed air spout from
15 the compressed air ejection nozzle mounted on the traveling truck.
Further the operator can not only observe the state of blowing but also
sample with the bucket means the accumulations remaining without being
blown off. The sampled aocumulatxons are offered to ana1y81s Besides,
the duoct can also be cleaned, after the completion of sampling, by
20 blowieg off the aceumulations in the duct by the use of the compressd
aif ejection nezzle. _

According to theeebove second feature the apparatus of the present
invention has its traveling truck provided with the compressed air
ejection nozile capabie of.speuting_conpressed air to the accumulations

25 in fromt of the traveling truck in a duct by being remotely controlled
~ through the remote control portion.

Therefore, in addition to the working and effect due to the first

feature. an operator of the apparatus can make an observation by means
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duct, in accordance with the present invention, consists essentially of;

a traveling truck capable of traveling forwardly and backwardly in" - a
duct a illumnating light for illumnating the inside of said
duct, 20 said illumnating |ight being nounted on the front of said
traveling t ruck, a TV canmera for observing the inside view of
said duct, said TV canmera being nounted on the front of said traveling
truck, . woopbskseast one conpressed air ejection nozzl epfrmpesioensi ng
conpressed 25 air toward accunulations in fgont of said traveling truck,
sai d conpressed air ejection nozzle being nmounted on the front of said
traveling truck, bucket neans for sanpling accunmul ations in said

duct, sai.d bucket
of the TV camera while making the travelmg truck travel in a duct and

blow off accunulations. as occasion demands. by mkmg compressed air
spout from the compressed air ejection nozzle mounted on the traveling
truck Further the operator can not only observe the state of blowing
05 but also sample nith the bucket means the accxmulations remaining
wi thout being blown off. The sampled accumulations are offered to
analysis. Besides. the duct can also be cleaned after the completion
of sampling. by bloning off the accumulations in the duct by the use of
the compressed air ejection nozzle '

10 According to the above third feature of the present invention, in
addition to the working in accordance with the above second feature, an
operator of the apparatus puts the traveling truck into a duct with the
sampling bucket attached to the pair of the rotation arms of the
traveling truck. ‘makes the .traveling' truclt' trayel '. in the duct with the

15  sampling duct 'ltept at the standby pos'ition by remotely operating the
air cylinder, and observes the inside of-the. duct through the TV camera.
' Then the operator renotely operates the air cylinder. at a place where
dust sampling seenms necessary. S0 as to move the sampl ing bucket from
the standby position to the scooping position.' Preparation to sample

20 _accumilations in the duct thus comes to be completed. Thus it comes to
be possible to sample accumulations im the duct by means of scooping.
The combination_ of the air cylinder with the .hydrlaulic damper makes it
possible for the hydraulic damper to mode_rately deaden the shocks that
‘may happen on the rotation arms when they are made to start turning or

25 are kept in the process of turning or are made to stop by the air
cylinder. The scooped watter can thus be prevented from spilting out

of the’ bucket
According to the above third feature the apparatus of the present
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means being attached to the forefront of said those nounted on the front
of said traveling truck, and a renote control portion for renotely
control said travelling track, said illumnating light, said TV canera,
sai d conpressed air ejection:nozzle and said buckét neans, 05 a
sanpl i ng bucket of said bu¢ket neans bei ng novabl € ‘bet ween a | ower

position where the bucket can scoop accunul ati ons and a upp |t on
wher e the buWRHN72E86% st andby wit hout bl ocking the conpresseﬁégﬂga@@ﬁﬁted
from behind by said conpressed air ejectioﬁ nozzl e. The above
constitution is a first .-feature of the apparatus according

.'.invention has its bucket means composed of a shaft supported by and
between a pair of supporting elements projecting forwardly from the
front part of the traveling truck, a pair of rotation arms supported by
said shaft rotatably around the same, an air cylinder for making said
05 pair of rotation arms turn between a standby position and a scooping
position, a hydraulic damper for deadening the turning speed of the
rotation arms made to turn by said air cylinder, and a sampling bucket
detachably attached to and between said pair of rotation arms.
Therefore, in addition to the effects resulting from the make-up
10 defined in Claim 1 or 2, an operator of the apparatus can easily turn
the sampling bucket to the scoopipg position from the sandby position
and can easily return the same to the original standby position after
sampling, since the air cylinder, the rotation arms and the sampling
bucket are functionally combined. This not only causes easy sampling
15 but also makes it easy for the traveling truck to move when sampling is
not carried out. Further, possible malfunctions of other constituent
elements can easily _avoided. The combination of the air cylinder with
fhe hydraulic damper makes it possible for the hydraulic damper to
moderately deaden the shocks that may happen on the rotation arms when
20 they are made to start turning or are kept in the process of turning or
are made to stop by the air cylinder.  The scooped matter can thus be

prevented from spilting out of the bucket.

Brief Description of Drawings

25 Fig. 1 show the entire constitution of a preferable model of the
apparatus for sampling dust in a duct in accordance with the invention.
Fig. 2 blockdiegrammatically shows the traveling portion confrol device

mounted on the traveling portion and the remote control portion
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10 to the present invention. In addition to the above first

feature the apparatus according to the present invention, as a second
feature, said sanpling bucket is also constituted to standby w thout
obstructing the visual view fromsaid TV canmera at said upper position.
15 The apparatus according to the present invention nmakes it a third

feature, in addition to the above first and the above second feature,

that the buckghesmags of the apparatus conprises a shaft sup@EpIregcery

and between a pair of supporting elenents projecting forwardly fromthe
front part of the traveling truck, a pair of rotation arns supported by 20
said shaft rotatably around the sanme, an air cylinder for making said

pair of rotation arns turn between a standby position and a scooping

position, a hydr a&?ﬂ%eﬁaﬁ%ﬁc%rt"dé’&'dé‘f‘ﬂ"ﬁbmcgh@‘t"&?mP?Fg“gbé’@'&l“@f Fig- 3
et achabl y att achatppd HEHL hbieo@iniopil {38 Siom A b SRR Hog i
According to the f“ié.' s§ shét Hrﬁrﬁalt&%&@fsﬁéﬁﬂﬁaﬂ Blfﬁpwéﬁno@"%he traveling
portion. Fig. 5 show the front view of the traveling portion. Fig. 6
05 shows a perspective view of bucket means of the traveling portion.
Fig. 7 shows perspective views of two sanplmg buckets: (A) one has a

.flat scooping plate, (B) the other has a somewhat Warﬁed scooping plate.

Best Mode for Carfying Out the Invention
100 © - In the 'follbwi’n‘g the present invention is described in detail in
. accordance with thé accopanying drawings. o
In Fig. 1 reference number 1 standfor a duct, 2 for an equipment
sending-in orifice provided to the duct 1, 3 for traveling portion sent
in through the eéquipment sending-in orifice 2, 4 for a remote control
‘15 portion, and 12 for a compressor portion for generating compressed air.
The traveling portion 3 is retrievably inserted into the duct 1
“through the equipment sending-in orifice 2. The traveling portion 3
comprises a traveling truck 15 car'x‘ﬁ'ng aTv c'ainer‘al (described later),
bucket means 60, compressed air ejection nozzles 50 and an illuminating
20 light 18, said traveling truck 15 being freely movable forwardly and
backwardly in the duct 1. Reference number 16 represents power- .
transmission round belt(s) connecting wheels of the traveling truck 15.
The reviously mentioned remote control portion 4 contains a
television 6 for displaying an image taken by the TV camera 5. a VIR 7,
- 25 .a.remote control switch 8, a tramsceiver 9, an amplifier 10 and a
power source equipment 11. The power source equipment 11, which is
power-supplied normally from AC 100V-line, has also a battery built in

so as to be kept-energized for 5 hours without AC 100V-supply.
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operator of the apparatus can, by operating the renote control portion,
illumnate the inside of a duct and observe the situation inside the

duct through the illumnating l'ight and the TV canera nounted on the

4 traveling truck whi Fe:maki ng the same travel, in the duct. Wen the
traveling truck conmes to a pI ace where conpressed" air ej ecting seens
necessary, the operator can eject conpressed air fromthe conpressed air

ej ection nozWOL™RMMr d dust accumul at i ons |8n t he duct. wherFGHFo6/00714

The above traveling po:tion 3 is connected with the remote control

portion 4 through a signal line 13, and with the compressor portion 12
through an air tube 14.
_ Reference number 17 shows a direction in which the traveling

05 portion 3 made up of_theltraveling truck 15 and its on-board carrying
constituents travels in the duct 1. |

Next the control mechanism of the apparatus is described according

to Fig. 2. The traveling portion 3 is provied with a traveling portion
control device 20 having its core part 19 composed of a control board

10 22, a signal converter 23 and a voltage regulator 27. The control
board 22 is connected to a traveling system 28, a TV camera system 35,
an illuminating light systea 37 and a_bucket means system 60. The
prevjously_mentioned transceiver 9 forms;the pivotal part of the remote
control portion 4, which remotely exchange signals with the traveling

15 portion control device 20 through the signal line 13; it receives,
through the control board 22 and the signal converter 23 both in the
the core part 19, the signal 21 outputted from the TV camera 5 in the
TV camera system 35, and then tramsmits the sigmal 21 to the television
6 and the VIR 7 by means of electromagnetic waves 24 in the remote

20 control portion 4. The scene in front of the traveling portion 3
(including the foreign matter heaped in and sticking to the duct 1) is
taken_by the TV camera 5 and then displayed on the television 6 and
recorded in the VIR 7. On the other hand an operator of this apparatus
manipulates a remote control switch 8 to sends operation signals 25 in

25 thé forn of electromagnetic waves 26 to the transceiver § in accordance
with an image displayed on the television 6. The operation signals 25
receiﬁed by the transceiver 9 are tramnsmitted to the control board 22

through the signal line 13 and.the.signal.converter 23 contained in the
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05 traveling truck cones to a place where dust sanpling seens necessary,

t he operator can sanple dust accurul ati ons by mani pul ati ng the sanpling
bucket of the the bucket neans through the operation of the renote

control portion. Wth the sampling finished the traveling truck is

returned to the entrance of the duct, and the sanpl ed dust accumul ati ons 10

are take out for analysis. Said illumnating Iight and TV canera
truck need towbesaRgt ed on the front of the traveli ng ptegkosoorar der
that an operator of the apparatus can ogserve sufficiently the scene in
front of the traveling truck, and said conpressed air ejection nozzle
need to be nounted on the 15 front of the traveling truck in order to make
conpressed air spout accurately toward the desired place in front of

the traveling trudhe tpaveling pertiepcontral dgwice ¥h T @P%mlkéqarﬂe%sﬂmed to
be attached to th ront ,of .the travelin r to ucket
means sanpl e g‘écﬁ i&ﬁ%fﬂ“&%fﬂ?‘%ﬂ’i@’ O‘H%Y# &58’2“ Syatene n%g tHe TV
camera in 20 frongg 0hytig d‘oravel ing truck in the duct. That is, all of

t hese nount ed -
The above voltage regulator 27 supplys voltage suitable for the

05 electric equipment in eachlof the syétém§'28; 35, 36, 37 and 60.
The traveling system 28 contains an electfic'motor 40, which is
' supplied, for instarce, with DC 12V.
The TV camera system 35 contains the TV camera 5.
The illuminating light system 36 contains the illuminating light
10 18, which is supplied, for instance, with DC 6V.
The ejectjd#'ndzzle system 37 contains the compressed air ejection
" niozzle 55 and ‘the magnetic valve 38 for allowing and stopping the flow
" of theiéomprésééd air supplied from thé'cdmpfessof porfidﬁ:IZ through
the air tube 14. The elecfrdmagnetic check valve 38'is"§ﬁbplied. for
15 imstace, with DC 12V. o |
The bucket means system 60 contains an air cylinder 61 and an
electromagnetic valve 62 for allowing~and stopping the fian of the
conpressed air supplied'to this'sySten 60 frdm”the cbmpressor portion
12 through the dir tube 14. The electromagnetic valve 62 is supplied,
20 for instance, with DC 12v. '
The traveling portion 3 has its constitution described in further
detail in the following in accordance with Fig. 3 to Fig. 7.
The traveling truck 15 of the traveling portion 3 has its back
side provided with an electric socket 29 for connecting the signal
25 1line 13 thereto anﬂ with an air socket 42 for comnecting the the air
tube 14 thereto. | '
" Futher the traveling truck 15 has on both side a pair of driving

_wheels 32 in the backward section, a pair of trailing wheels 34 in the
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need to be positioned on the front of the traveling truck, noreover,

t hese mounted need to be positioned on the front of the small traveling
truck novable in such a small-sized duct. Accordingly, in order that

the nmounted don't protrude. radially fromthe traveling truck in the duct,
25 sone of the nounted have to be positioned behind the other nounted on
the front of the traveling truck. Particularly, both said bﬂ’%‘ﬁ” IS
for sanpling VeIt i ons on the bottominside the duct and Sai
conpressed air ejection nozzle for ejectindaconpressed air toward

5

forward section and a pair of guide rollers 33 in the middle sectiom.
These wheels and rollers on each side are linked mutually by means of
a belt to transmit driving force from the driving wheel 32 to the
trailing wheel 34 through the guide roller 33. As a mechanism to drive
"05 the driving wheel 32, there are provided on the driving truck 15 the
previously mentioned electric motor 40, a miter gear 41 attached to the
shaft of the motor 40, another miter screw 30a engaged with the miter
gear 40 and having its shaft provided oppositely with a worm gear 30,
- and a worm wheel 31 meshing with the worm screw 30 and having its shaft
10 made common with the shaft 32a of the driving wheel 32. A similar
driving mechanism is provided also to the other of the pair of driving
wheel 32 so that the two driving wheels 32 can independently operated.
Thus the traveling 15 is made, through the operation of the remote
control swich 8. not only to progress. retrogress and stop but also to
15 turn to the right and left. -
The previously mentioned TV camera 5 is positioned at the lower
central part of the forefront of the traveling truck 15, observing the
. forward scene in the duct 1.
The previously mentioned pair of compressed air ejection nozzles
20 50 are arranged on both sides of the TV camera 5 and fixed so as to
eject compressed air forward obliquely downward.

- The previously mentioned illuminating light 18 is located at the
forward upper central position of the traveling truck 15 and directed
forward obliquely downward. -

25 In this model of the present invention the TV camera 5, the
illuminating light 18 and the compressed air ejection nozzles 50 for
. allowing and stopping compressed air ejection have their on-and-off

operation controlled through the control board 22 by the remote control
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accurnul ati ons on the bottominside the duct, have to be positioned at
the simlar portion on the front of the traveling truck fromtheir

functional point of view According to the first feature of the
present invention, said 05 sanpling bucket attached at the forefront of
the traveling truck is organi zed to be novable to the standby position
where the sanpling bucket ‘doesn't bl ock the conpressed air at all.
Consequent | ywdahhseghe bucket means and the conpressed miTVIPR§/@8ei4 on
nozzl e behind said bucket neans can belsituated at sane small area on
the front of the traveling truck, 10 while securing the each functional
novenent of said both nounted. As a result, it becone possible to do

DOUn, OPET A1 0N o SR A8 snese SRR SR b R ST
01511 ks, ) i By PR & gt ST
I nvent1 on, remote control portion 4 controls also the illuminating direction of
the illuminating light 18 and the mir-ejecting direction of the
05 compressed air éjéctian_nozzles-so.

The previously”meninnéd bucket means 60 is attached to the
forehead of the traveling truck 15; the traveling truck 15 is provided
at its forehead.with a pair of supporting elements 63 extending forward
to support therebétween a shaft 64, and a pair of rotation arms 65, 66

10 is beared by the éhaft'64'rotafably-around'the same, and then a
L " sampling bucket 68 is detabh#bly:attached between said pair of rotating
"arms 65 and 66 td:complete'the previously mentioned bucket means 60.
The pair of rotation arms 65, 66 are fixed respectively to both ends of
a hollow cylindrical member 67 which rotatably sourrouds said shaft 64.
15 Both the rotation arms 65 and 66 can thus turn around the shaft 64 as
an integrated one body. '

One of the pair of rotation arms 65, 66, namely the arm 65, is
connected to the rod 6la of the previously mentioned air cylinder 61,
while the other of:the pair of raotation arms 65, 66, namely the arm 66,

20 is connected to the rod 69a of the previously mentioned hydraulic
damper 69. The footing end of the air cylimder 61 is fixed to a part
of the frame of the ‘traveling truck 15, while the hydraulic damper 69
has its footing end pivotally supported by a fixing pillar 70 stood on
the frame of the traveling truck 15. '

25 The air cylinder 561 has its rod 6la forced by a spring provided in
the cylinder 61 normally in the receding direction so that the rod 6la
is kept at the most recessed position while the air cylinder 61 is not

supplied with pressing air. To the contrary, while the air cylinder 61
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in addition to the working in accordance with the above first feature.
sai d sanpling bucket of the sanpling medans“i's. al so constituted to standby
wnthout obstructing the view fromsaid TV canera at sai d upper position,
so, it beconme possible for an operator of the apparatus to observe 20
sufficiently the state of accunul ations by the TV canera in the duct

when said sa [N ucket is noved to the standby position
Accordi ng tow#e.l Mve thiqd feature of the present: |nvent|'(’) ”P%mm“
addition to the working in“accordance wi t % he above second feature an
operator of the apparatus puts the traveling truck into a duct with the
sanpling bucket attached to the pair of the rotation arns of the

travel i ng truck, isTRERS skl iédd syl piR@sidglelkr,t £/ ebd i6ha tphecedds ttoWhdnbdte
sanpling duct kept at the standby position by renotely operating the - air
cylinder, and obsdyenced pdsdtiomsresdstingtthe shove mentivneh sphingTin ¢chereydinder
61. Thus the rotation arms 65, 66 turns through an angle corresponding
to the movement of the rod 6la of the air cylinder 61 between the above
05 ' mentioned most recessed and most advanced positions.
The previously mentioned hydraulic damper 69 is to moderate the
sudden movement of the rod 61a arising at an istamcce when pressing
air is introduced to, stopped or released from the air cylinder 61.
Therefore, by connecting the hydraulinc damper 69 to the rotating arm
10 66, the sudden turning of the rotation arms 65. 66 due to the air
cylinder 61 is relaxed, and their turning become smooth. Therefore,
the sampling bucket 68 attached to the pair of rotating arms 65 and 66
~ is made to turn.smoothly. |
When the air cylinder 61 has its rod 6la kept at the most recessed
15 position, the rotation arms 65, 66 are set nearly vertical causing the
sampling bucket 68 to be kept at the. lowest position. This lowest
position of the bucket is the scooping position for scooping dust
accumulations in the duct 1.
In the above scooping position the hydraulic cylinder 69 has its
20 rod 69a kept in the most advanced position, and the rotation arms 65,
. 66 are prevented from turning further. On the other hand the air
- cylinder 61 has, in this scooping position, has its rod 6la kept in the
most recessed position, and the rotating arms 65, 66 are prevented fr m
turning further alsoc in this case. Namely, in the scooping position £
- 25 the sampling bucket 68 the air cylinder is prevented from receding
further.
By making the traveling truck 15 proceed with the sampling bucket

“68-kept in the scooping position, the bucket 68 scoops foreign matters
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6 Then the operator renotely operates the air cylinder, at a place

wher e dust sanpling seens necessary, so as to nove the sanpling bucket
from t he standby position to the scooping position. Preparation to

sanpl e accurnul ations in the duct thus comes to be conpleted. Thus it
cones to 05 be possible to sanpl e accunul ations in the duct by neans of
scoopi ng. The conbination of the air cylinder with the hydraulic danper
makes it - - Wwo9skddke for the hydraulic danper to noder at el pCTIRI40TIS he
shocks t hat may happen on the rotation  nms when they are nmade to start
turning or are kept in the process of turning or are nade to stop by
the air 10 cylinder. The scooped matter can thus be prevented fromspilling
out

accumulated in the duct 1 for sampling.
‘With pressing air introduced into the air cylinder 61, the rod 6la
proceeﬁé-frdm the most recessed position opposing the spring, pushes
- the rotation arm 65 and makes the rotation arms 65, 66 turn clockwise
05 from the verticﬁl-pdsition as shown in Figs. 3 and 6. The sampling
bucket 68 fixed to the rotation arms 65, 66 thus turns leaving from the
scooping position and finally reaches the standby position when the rod
6la further proceeds to the most advanced position. The standby
position is'aparf from the lowest-kept scooping position by an angle
10 not exceeding 90°. This standby posifion corresponds to the most
recessed position of the rod 6la of the air cylinder 61, and therefore,
the sampling bucket 68 is prevented from turning further. The standby
should be chosen as a position where the sampling bucket 68 does not
touch the bottom of the duct 1 and the scooped dust sample ‘does not
15 spil easily. At the same time the standby:pbsition is experimentally
confirmed so as not to obstract the visual field of the TV camera 5.
Noxt the constitution of the sampling bucket 68 is described
together with thefconstitutional relationship between the sampling
bucket 68 and rotation arms 65, 66. The sampling bucket 68, which is
- 20 to scoop accumulations in the-duct 1, is detachably attached to the
rotation arms 65, 66. The sampling bucket 68 shown in Fig. 7(A) is
suitable for a duct having a flat bottom, and the scooping plate 68a
attached to the bucket body portion 68b has“its'ldwer edge made linear.
The sampling bucket 68 shown in T(B) is to be used in a cylindrical
25 duct, and the scooping plate 68a has its lower edge made curved so as
to fit the curveture of the duct. The bucket body portion 68b of the
_ sampling bucket 68 has triangular side walls, and the inclined faces

following the scooping plate fi8a are made open upwards from the fronmt.
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of the bucket. According to the above third feature the apparatus
of the present i nvention has its bucket -nmeans conposed of a shaft
"supported by and between a pair of supporting elenents projecting
forwardly fromthe 15 front part of the traveling truck, a pair of rotation
~arnms supported by sai d shaft rotatably around:f:he same, an air cylinder
for making said pair of rotation arnms turn between a s ition
and a scoopivﬁ%”ms“positign_;,, a hydraulic dgmper for deadem&’%gp'%/eogﬁarni ng
speed of the rotation‘arns nade to turtr by said air cylinder, and a
sanpl i ng bucket 20 detachably attached to and between said pair of rotation
ar ns. Therefore, in addition to the effects resulting fromthe

make- up def i THRJaddumélatithslscbopad up EreR achatdact Gthrbipd GRPaécbhSE Bodte
easily turn t he sanpling bucket to the scooping position fromthe
st andby positi on8a areangs ¢hey eesi [iytroduced ninth cthebmesket bode partign rigb. st andby -

position after 25 sggl |g)g since the air cylinder, the rotation arns and
t he sanpling The bucket bpdy paridep £idh) 1, Prayided, ag both jouter, sidayells Kitdes

easy Sa”p_' i N9 keys 68c for interlocking with key slots 65c, 66c provided on the
05 rotating arms 65, 66. The key slots 65c, 66c of the rotating arms 65,
66 are made longer than the keys 68c so that the sampling bucket 68
interlocked ;n the key slots 65c. 66c can move vertically along the
possible unevenness of the bottom surface of the duct 1. The sampling
bucket 68 is thus enabled to procede in the duct always kept in touch
10 with the bottom surface of the duct 1.

In additign_the bucket body portion 68b of the sampling bucket 68
is made of transparent plastic resin for the purpose of emabling the TV
camera 5 to catch the forward scene through the transparent bucket body
portion 68b even if the sampling bucket 68 is kept at the scooping

15 position. Purther the scooping plate 68a, which may be of plastic. can
be made replacable, since the scooping plate 98a not omly wears and
tears but also must be made different in shape in accordance with the
‘shape of the duct 1, the feature of accumulations to be sampled and the
state of accumulation. The touching angle of the scooping plate 68a to

20 the duct bottom is adjusted by adjustig the attaching angle to the
bucket body portion 68b.

Referring to Figs. 3 and 4, it is understood that the pressing air
supplied to the air cylinder 61 is. in common with the compressed air
to be supplied to ﬁhe compressed air ejection nozzles 50. The air tube
14 is led to the traveling truck 15 through the air socket 42. The air

25 tube 14 led to the traveling truck 15 branches out to an air tube 1l4a
toward the air cylinder 61 and an air tube 14b toward the compressed

air ejection nozzles 50. The tubes 14a and 14b have electromagnetic

This Sheet Has Been Reilaced

AR




but also nakes it easy for the traveling truck to nove when sanpling is
not carried out. Further, possible malfunctions of other constituent

7 el enents can easily avoi ded. The conbi nation of the air cylinder

W th the hydraulic danper nakes it possible for the hydraulic danper to
noder at el y deaden the shocks that may happen on the rotation arns when

they are made to start turning or are kept in the process of turning or
' WO 97122868 PCT/IP96/00714

15

valves 62 and 38, respectively on the air cylinder side and on the
nozzle side. These valvé_s 62 and 38 are on-and-off controlled through
“the control board 22 by the remote control switch 8.
Operation of the apparatus is described in the following. With
05 the sampling bucket 68 attached to the pair of rotation arms 65, 66 by
means of interlocking. the traveling truck 15 is inserted into the
duct 1 through the equipment sending-in orifice 2, After switching on
the-jl-luninating'-'light 18 and the 'rv camera 5 by operating the remote
" control switch 8,.'t'hé traveling truck 15 is made to start by making the
10 electric motor 40 energized through the operation of the remote control
" switch 8. ‘At this time the sahbiing buckét 68 is kept in the upward
- standby position by imtroducing prssing air into the air cylinher 61 to
" make the rod B'IaI'pr'oceed to the most advanced position. Introduction of
the pressmg air is realized by making the electonagnetic valve 61 open
15 through the operatmn of the remote control switch 8.
While the traveling truck 15 is traireling". the TV camera 5 sends
"the scene in front of the traveling truck 15 to the television 6 and
the VIR 7. The operator of the apparatus can cbserve the state of
dust accumulatiofl in the duct 1 by watching the television 6. Watching
20 the television 6 the operator mékes the sampling bucket 68 turn to the
scooping position from the standby position with the the traveling
truck 15 stoped or kept traveling, when the traveling truck 15 comes to
a predetermined position or to 'the pléce where the operator considers
' that sampling is necess'ary; The sampling bucket 68 is made to turm to
25 the scooping position from the standby position by the spring force
pushing back the rod 61la with the air cylinder 61 kept mot supplied
with pressing air by closing the electromagnetic valve 62. All the
above operation is of course realized through the operation of the
This Sheet Has Been Rerilace

WA




05 are made to stop by the air cylinder. The scooped matter can thus be
prevented: from spilling out of the bucket. ° . Brief Description of

Dr awi ngs Fig. 1 showthe entire constitution of a preferable node
of the 10 apparatus for sanpling dust in a duct in accordance with the

L nventi on. Fig. 2 bl ockdiagramatically shows the traveling portion

~control devi unted on the traveling portion and the trol
poti on re 9e‘7(7\}£%§onnect,(-_a-:_,d_._ to the traveli vy portiaon cont r%’ﬁ%@’@("@@g Fi g.

3 shows a partial cross=sectional side view of'the traveling portion. 15
Fig. 4 shows a partial cross-sectional plan view of the traveling

portion. Fig. 5 showthe front view of the traveling portion. Fig. 6

shows a perspect i vemotée axomtifolbswditett 8oneans of the traveling portion. Fig.
7 shows perspective Views of two sanpling bucket. (/A one has a flat

scoopi ng plate, (B) tWRithotheetraygling tryek d9akentatiswal ing ofaswerglp after the
sampling bucket 68 is made to turn to the scooping position from the
standing position, the bucket 68 in touch with the bottom of the duct 1
05 scoops accumulations in the duct 1.
I Further it is possible, as occasion demands, to make the pair of
gomprssed air ejection nozzles 50 eject compressed air toward accumula-
tions, before lowering the bucket to the scooping position by opening
the electromagnetic valve 38 in the path of the air tube 14b leading to
10 the compressed air ejection nozzles 50. Compressed air ejection from
the nozzles 50 causes such a situafion.CQQnge in the duct 1 as the
foreign matters accumulations aré partially or fully blown off leaving
contaminations sticking to the duct 1. The process of situation change
and aftert-blow state in the duct 1 are displayed on the television 6
15 and recorded in the VIR 7. Kinds, properties and the state of sticking
of remaining contaminations are thus made clear. Contaminations left
in the duct 1 without being blown off can be further sampled by the
sampling bucket 68.
After the sampling by mea;is,of'tne_, sampling bucket 68 is completed,
20 the traveling truck 15 is returned to the equipment sending-im orifice
2 with the sampling bncket 68 turned back to the standby position, and
then the bucket 68 is taken out for amalysing the sampled.
Further the present invention can be used only for cleaning a duct
by blowing off the accumulations in the duct by means of the pair of
25 compressed air ejection nozzles 50 while the traveling truck 15 is made
to travel in the duct with the sampling bucket 68 detached. It is, of
course, obvious that the present invention is used also to confirm the

cleaning effect after the completion of duct cleaning.
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20 Best Mbde for Carrying Qut' the Invention - In the foll ow ng

the present invention is described in detail in accordance with'the
acconpanyi ng draw ngs. In Fig. 1 reference nunber 1 stand for a
duct, 2 for an equipnment 25 sending-in orifice provided to the duct 1, 3
for traveling portion sent i n through the equi pnent sending-in orifice
2, 4 for a renote control portion, and 12 for a conpressor portion for
generating coppopemes air. The traveling portion 3rCEImeAsII€vabl y
inserted into the duct 1 : 17 '

Industrial Application
As is understood from the above &esc’riptioh’. "the apparatus for

sampling dust in a duct in accordarce with the present invention can be
" used in such a narrow duct as can mot be accessed internally by a
person, to collect samples necessary to kiow the kinds of matters
accumulated in the duct, the state of accumulation and sticking or the
‘1ike. The apparatus according to the present inventicn can be applied

to various ducts, particualarly narrow ducts. used in various fields of

industry.
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8 t hrough the equi pnent sending-in orifice 2. ion 3
conpri-ses a traveling truck 15 carrying a TV canera Jmummm"mMﬂ [
bucket means 60, conpressed air ejection nozzles 50 and &n il | timi hat’i ng

light 18, said traveling truck 15 being freely novable forwardly and 05
backwardly in the duct 1. Reference nunber 16 represents power-

transm ssi o elt(s) connecting wheels of the traveli EH@% 15.
r‘l’{/ﬁw A e14evi si on

The previous oned renote control po &ion 4 contains a

6 for displaying an i mage taken by the TV Canera 5, a VIR 7, a renote
control switch 8 a transceiver 9, an anplifier 10 and a 10 power source
equi pnent 11. The power source equi pnent 11, which is power - suppl i ed
normal Iy from AC 100V-1ine, has also a b&LAmMSy built in so as to be
kept energized for 5 hours w thout AC | OOV-supply. The above

traveling portion 3 is connected with the renote control

1. Apparatus for sampling dust in a duct, comprising:

a traveling truck (15) capable of traveling forwardly and backwardly
in a duct (1); _

a TV camera (5) for observing the inside view of said duct (1). said
TV camere (5) being mounted on said traveling truck (15);

bﬁcket means (60) for sampling accumulations in said duct (1), said
bucket means being éttached to the forefront of said traveling truck (15);
and

a remote control portion (4) for remotely control said treveling
truck (15), said TV camera and said bucket means (60)

2. Apparatus as defined in Claim 1., wherein said traveling truck (15) is
provided with at least a compressed air ejection nozzle (50) for ejecting
compressed air toward accumnlations in front of said traveling truck (15)
in said duct (1).

3. Apparatus as defined in Claim 1 or 2, wherein said bucket means (60)
consists essentially of:

~ a shaft (64) supported by and between a pair of supporting elements
- (63) projecting from the forefront of said:traveling truck (15);
" a pair of rotation arms (65, 66) rotatable around said shaft (64);

an air cylinder (Elj.for turning said pair of rotation arms (65, 66)
between a standby position and a scooping position:

a hydraulic damper (69) for deadening the turning speed of said
rotation arms (65, 66) made to turn by said air cylinder (61); and

a sampling bucket (68) detachably attached between said pair of

rotation arms (65, 66).
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portion 4 through a signal line 13, and with the conpressor portion 12 15

t hrough an air tube 14. Ref erence nunber 17 shows a direction in
whi ch the traveling portion 3 made up of the traveling truck 15 and its
on-board carrying constituents travels in the duct 1. Next the

control mechani smof the apparatus is described according 20 to Fig. 2. The
traveling portion 3 is provided with a traveling portion pEPIBIsRbTIdeVi ce

20 having itsVe8Va8ekrt 19 conposed of a control board 22, a signal
converter 23 and a voltage regul ator 27. The gongrol board 22 is
connected to a traveling system 28, a TV canera system 35, an

illumnating |ight system 37 and a bucket nmeans system 60. The 25
previously nmentioned transceiver 9 forns the pivotal part of the renote
control portion 4, which renotely exchange signals with the traveling
portion control device 20 through the signal line 13; it receives,

t hrough the control board 22 and the signal converter 23 both in the

- AC100Y




9 core part 19, the signal 21 outputted fromthe TV canera 5 in the
"TV canmera system 35, and then transmts the signal 21 to the tel evision

- 6 and the VIR 7 by neans of el ectromagnetic waves 24 in the renote
“control portion 4. The scene in front of the traveling portion 3 05
(including the foreign matter heaped in and sticking to the duct 1) is

t aken by the ﬁ}lwra 5 and then di spl ayed on the televisiRITAIBHA14
recorded in Y 7. On the other hand an operator of this apparatus
mani pul ates a renote control switch 8 to2s€fds operation signals 25 in
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the formof electromagnetic waves 26 to the transceiver 9 in accordance 10
Wi th an i mage displayed on the television 6. The operation signals 25
.received by the transceiver 9 are transmtted to the control board 22

‘through the signal |line 13 and the signal converter 23 contained in the
traveling portion control device 20. The control board 22 nmakes t he
" received signals control the previously mentioned systens 2&CT3BI6DI436, 37
and 60. WO 97723868 ahove vol tage regul ator 27 supplys voltage suitable
for the el ectric equi pnment in each of 3tM& systens 28, 35, 36, 37 and
60. The traveling system 28 contains an electric notor 40, which .
IS supplied, for instance, wth DC 12V. 20 The TV canera system
35 contains the TV canera 5. The illumnating |ight system 36
contains the illumnating |ight 18, which is supplied, for instance,
with DC 6V. The ejection nozzle system 37 contains the conpressed
air ejection nozzl e 55 and the nagnetic valves 38 for allow ng and
stopping the flow -
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25 of the conpressed air supplied fromthe conpressor portion 12 through
the air tube 14. The el ectromagnetic check valve 38 is supplied, for

i nstance, with DC 12V. The bucket nmeans system 60 contain an air
cylinder 61 and an . 10

el ectromagnetic valve 62 for allow ng and stopping the flow of the

conpressed ai I ywdlghpahgd to this system 60 fromthe conpressor PB?):IL&%&M

4/8

16
142
B_ZQ

g 2
o H ™
\Y zc= HIlW/
N ~ “ ::-’—' s 1~ - o
™ o el . N

30
14

\\\
1 }
15

33
AL
62

! J\%’ <
Ja
{ &)
N
< .- L AR
~ S .
ll’ N B
I=nE=
| | ™
-n R 1 ’--'\
[ g g - 8
0" p—
ol LW 8w
s he e AS
o O~ 2o}
& ) N T
_____ -
o
0 3 @
0
0
o
o
Q ©




12 through the air tube 14, The el ectronmagnetic valve 62 is supplied,

for instance, with DC 12V. 05 The traveling portion 3 has its
‘constitution described in further detail in the followi ng in accordance
-with Fig. 3to Fig. 7. -~ The traveling truck 15 of the traveling
portion 3 has its back side provided with an electric socket 29 for
connecting thgw§&gﬁ%% line 13 thereto and with an air sopéfhpoédodior
connecting the air tube 14 thereto. Further the traveling
truck 15 has on both side a pair of driviggZg wheels 32 in the backward
section, a pair of trailing wheels 34 in the forward section and a pair
of guide rollers 33 in the mddle section. These wheels and rollers on
each side are linked nutually by means of 15 a belt to transmt driving
force fromthe driving wheel 32 to the trailing wheel 34 through the
guide roller 33. As a nechanismto drive t he driving wheel 32, there
are provided on the driving truck 15 the previously nentioned electric
notor 40, a miter gear 41 attached to the




shaft of the notor 40, another mter screw 30a engaged with the mter 20
gear 40 and having its shaft provided oppositely with a worm gear 30,

and a worm wheel 31 neshing with the worm screw 30 and having its shaft
made common with the shaft 32a of the driving wheel 32. A simlar

driving nmechanismis provided also to the other of the pair of driving
wheel 32 °'so thatobhmsésvo driving wheels 32 can i ndependently 9&?7.1?550‘371425
Thus the traveling 15 is made, through the operation of the renote

control switch 8, not only to progress, re6rdd ess and stop but also to
turn to the right and left. The previously nentioned TV canera 5
IS positioned at the | ower




11 . central part of the front of the traveling truck 15, observing the

forward scene in the duct 1. The previ of
conpressed air ejection nozzles 50 are arrarlg ﬁ BIS t heSGV
canera 5 and fixed so as to 05 eject conpresse eCHPHeR dP%ﬂi-%gu@l paged .\]
downwar d. The previously mentioded ill i) | i gpageds'S o pagedt¥d
at the forward upper central position of tle=tPHRENg(EY: pagedk 16 paped .x..
directed forward obliquely downwar d. O Abstragt s npaged ..oftot puged
present invention the TV canera 5, tDBSCRIPTION ui nating |ight 18 ’Tg t he
conpressed air ejection nozzles 50 for al | pWDATEAOF RECRPPTY "PMRISB%'
air ejection have their on-and-off oper at i on_conrrotted—through—-Re= '

HEs

control board 22 by the renote control i
Apparatus for Sampling Dust in a Duct

05 Technological Field .
The present invention relates to an apparatus for sémpling dust
and other accumulations in a duct while travelfng therein, to
examine the kinds and properties of the sampled, the apparatus enabled

to travel even in a narrow duct with such a small inner diameter as
10 150 mm.

Background Art
Such narrow ducts as can not be internally accessed by a person
have had their inside cleaned by making travel therein a small-sized
15 cleaning apparatus cdnsisting of a traveling truck equipped with means
for removing dust and contaminations accumulated on or adhering to the
inner surface of the duct. Such small-sized duct cleaning apparatus
may, however, be said to be still under development. In addition,
attention has been paid principally to the technology of effectively
20 discharging dust and contaminations from a duct; but it has not been
enough taken into account to examine, in advance, the kinds, properties,
state of accumulation and adhesion of the dust in a duct to be cleaned.
Recently, however, the dust and dirt accumulations in a duct have
come to have their kinds, properties and state of accumulations dnd
25 sticking diversified very widely. In some cases very specific foreign
substances are found sticking and accumulating. Therefore, to clean
the inside of a duct effectively'it is important to grasp. in advance,

the kinds, features and state of sticking and accumulation of foreign



switch 8, with their respective view ng, illuninating |afdPedCEMENICSHERT

directions fixed. However, this nodel may be nodified {sqTmar—the-i5—-fe
control portion 4 controls also the illumnating direqtilon SfMAR %e
i klumnating light 18 and the air-ejecting direction qf th% J&Hbr PSS
air ejection nozzles 50. The préviously nentifoted—bucket nrpans
is attached to the forehead of the traveling truck 15; -the travelin
truck 15 is provided 20 at its forehead with a pair of SUPpUTtTmg—etes

63 extending ﬂh@féﬁrfh a ducttob(ﬁﬁpmhhttah!ﬁéizaft @J}l@t@ﬂi@ﬂy GHowede! @heair of

rotation arns 65 I's born by the s rotatably around the sane,
and then a appmrtpalfrog dxamkreng Gthei propet tiebalfl yheatomtanim thedsveera sai d pair
of rotating arms 65 and 66 to conplete the previously nmentioned bucket
means 60. 25 naneovpdict hds mot eieemreneughs d&®]logdl so dari xed respectively to
bot h ends of a hollow cylindrical nmenber 67 which rotatably surrounds
said shaft 64. Themnphicans ofothe |p5eseatrmtemst anpl iest ivarpnotided: @ n ar ound

the shaft 64 as an integrated one
05 apparatus for searching in a duct both in Japanese Patent Application

No. 4-220683 and in the U.S. Patent No. 5311641, but the apparatus

has no function of dust sampling.

Accordingly, the present invention aims at eliminating such a
disadvantage in the conventional technology and makes it an object to
10 provide an apparatus for sampling dust in a duct to grasp the kinds.
properfies, state of accumulation and sticking of the contaminations in

the duct in advance of cleaning the duct.

Disclosure of Invention
15 To achieve the above object, the apparatus for sampling dust in a
duct, in accordance with the présent invention, consists essentially of;
a traveling truck capable of traveling forwardly and backwardly in
a duct,
a illuminating light for illuminating the inside of said duct,
20 said illuninating light being mounted on the front of said traveling
truck,
a TV camera for oﬁéer;ing the inside view of said duct, said TV
camera being mounted on the front of said traveling truck,
~at least one compressed air ejection nozzle for ejecting compressed
25 air toward accumulations in front of said traveling truck, said
compressed air ejection nozzle being mounted on the front of said
traveling truck.

bucket means for sampling accumulations in said duct, said bucket



12

connected to the rod 6la of the previously nmentioned
while the other of the pair of rotation arnms 65, 66, anely the armj66,
i-s connected to the rod 69a of the previously nentidngd hS'boh‘ﬁRlIW%S 0%
69. The footing end of the air cylinder 31 is fixed tg

frame of the traveling truck 15, while the hydraulid danper 69
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One of the pair of rotation arm 65, 64, F;)a_;airjr,gjmml@esmgr 65, is

A=

lanper
a part off the

<7

means being attached to the forefront of said those mounted on the front
of said traveling truck, and a remote control portion for remotely
control said travelling track, said illumipating light, said TV camera,
said compressed air ejection nozzle and said bucket means,

a sampling bucket of said bucket means being-movable between a lower
position where the bucket can scoop accumulations and a dpper position
where the bucket can standby without blocking the compressed air spouted
from behind by said compressed air ejection nozzle.
~ The above constitution is a first feature of the apparatus according
to the present invention.

In addition to the above first feature the apparatus according to _
the present invention, as a second feature, said sampling bucket is- also
constituted to standby without obstructing the visual view from said TV
camera at said upper position.

The apparatus according to the present invention makes it a third
feature, in addition to the above first and the above second feature,
that the bucket means of the apparatus compfises a shaft supported by
and between a pair of supporting elements projecting forwardly from the
front part of the traveling truck a pair of rotation arms supported by
said shaft rotatably around the same, an air cylinder for making said
pair of rotation arms turn between a standby position and a scooping
position. a hydraulic damper for deadening the turning speed of the
rotation arms made to turn by said air cylinder, and a sampling bucket
detachably attached to and between said pair of rotation arms.

According to the first feature of the present inventidn an

~ operator of the apparatus can, by operating the remote control portion,

11lumipate the inside of a duct énd observe the situation inside the

duct through the illuminating light and the TV camera mounted on the



has its footing end pivotally supported by a fixin | 7O —st-ooc—9n
the frame of the traveling truck 15. The i%Eé9§§§Mﬁﬂl_§ﬂfﬁﬁﬁ its
rod 6l1a forced by a spring provided in 10 the cylirddr 61 normal I'ylin the
receding direction so that the rod 6la is kept |ati thg MAR!9eGCEssed
position while the air cylinder 61 is not supplfigd with pressingjair.
To the contrary, while the air cylinder 61 I s HRept—supptied wth '
pressing air, the rod 6la proceeds to the nost {advanced position
resi sting therapsligg R0tk aREE Baking dthensdmgetrayel ndethel&ucttWhea e t ne
rotation arns 65, 66 turns through an angle corresponding . to the
moverment of tiravelddg Graclotondse taia pladei wikee compiessedair tdjecbingvseens
menti oned nost recessed and nost advanced positions. The
previ ously nmmecessaey hhelroperator deanpeject comprassedraderfxoe theecompressediden
novenent of the rod 6l1a arising at an instance when pressing 20 air is

i ntroduced t &irstieppon rozzle|tokawtdustoageumuladions ynithgeducds when theher ef or e,
t he

by connecting the hydraulic danper 69 to the rotatipng arm 66,
sudden t ulfRi %g'amlm etrk'éf &pm%ggm?w wheze flyst (gmp 8afgems necessary
the operator can sample dust accumulations by manipulating the sampling

bucket of the the bucket means through the operation of the remote
control portion. With the sampling finished the traveling truck is
returned to the entrance of the duct, and the sampled dust accumulations
10 are take out for analysis.
Said illuminating light and TV camera truck need to be mounted on
the front of the traveling truck in order that an operator of the o
apparatus can observe sufficiently the scene in front of the traveling
truck, and said compressed air ejection nozzle need to be mounted on the
15 front of the traveling truck in order to make compressed air spout
accurately toward the desired place in front of the traveling truck in
the duct. In addition; said bucket means need to be attached to the
front of the traveling truck in order to make bucket means sample
accumulations éccurately on the place projected by the TV camera in
20 front of the traveling truck in the duct. That is, all of these mounted
need to be positioned on the front of the traveling truck, moreover,
these mounted need to be positioned on the front of the small traveling
truck movable in such a small-sized duct. Accordingly. in order that
the mounted don’ t protrude radially from the traveling truck in the duct,
25 some of the mounted have to be positioned behind the other mounted on
the front of the traveling truck. Particularly, both said bucket means
for sampling accumulations on the bottom inside the duct and said

compressed air ejection nozzle for ejecting compressed air toward



cyllnder 61 is rel axed, and their turning becone snﬁOBBHATB@F$fq1 E he
sanpling bucket 68 attached to the pair of rotating]a

made to turn snoothly. When the air cylindgr| 6 &@ its r d 61a
kept at the nost recessed position, the rotatiop R 1998 are set
nearly vertical causing the sanpl i ng bucket 68 fo he kept at the Iomest
position. This | owest 13 position of th bucket Is the scooplng

position for scooping dust
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accumulations on the bottom inside the duct, have to be positioned at
the similar portion on the front of the traveling truck from their
functional point of view.

According to the first feature of the present invention, said

sampling bucket attached at the forefront of the traveling truck is

organized to be movable to the standby position where the sampling bucket
doesn’ t block the compressed air at all. Consequently, both the bucket
means and the compressed air ejection nozzle behind said bucket means
can be situated at same small area on the front of the traveling truck,
while securing the each functional movement of said both mounted.

As a result, it become possible to do both operations of sampling o
accumulations by the bucket means and of blowing off accumulations byﬁk..
the compressed air ejection nozzle freely in the situation that the
traveling truck is traveling in such a small duct.

According to the above second feature of the present invention,

in addition to the working in accordance with the above first feature.

said sampling bucket of the sampling means is also constituted to standby
without obstructing the view from said TV camera at said upper position,
so, it become possible for an operatof of the apparatus to observe
sufficiently the state of accumulations by the TV camera in the duct

when said sampling bucket is moved to the standby position.

According to the above third feature of the present invention, in
addition to the working in accordance with the above second feature, an
operator of the apparatus puts the traveling truck into a duct with the
sampling bucket attached to the pair of the rotation arms of the
traveling truck, makes the traveling truck travel in the duet with the

sampling duct kept at the standhy position by remotely operating the

air cylinder, and observes the inside of the duct through the TV camera.
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uck 15 proceed wth the sanpling bucket ept in the
distosampl vz beentseted@Ssarypagpsas doenaye tiwt sampding buded uinemat ed in

or sanpling. Wth pressing air introduced into the air
thenetandlly @bai tiidn proo ¢lee dsodpi ngnpobEt ions tPrepare toad t p saipliecon

spring, pushes the rotation arm 65 and nakes the rotation
acoupulataensnisethe ductrwstonmes Sot be gompleted. i Dhusast €hmnton Fi gs.
bé“%o éfb?g to sample accumulations in the duct by means of scooping.
The combination of the air cylinder with the hydraulic démper makes it
possible for the hydraulic damper to moderately deaden the shocks that
may happen on the rotation arms when they are made to start turning or
are kept in the process of turning or are made to stop by the air
cylinder.” The scooped matter can thus be prevented from spilling out
of the bucket. ’

According to the above third feature the apparatus of the preseﬁf” ’
invention has its bucket means composed of a shaft supported by and
between a pair of supporting elements projecting forwardly from the
front part of the traveling truck, a pair of rotation arms supported by
said shaft rotatably around the same, an air cylinder for making said
pair of rotation arms turn between a standby position and a scooping
position, a hydraulic damper for deadening the turning speed of the
rotation arms made to turn by said air cylinder, and a sampling bucket
detachably attached to and between said pair of rotation arms.
Therefore, in addition to the effects resulting from the make-up

defined in Claim 1 or 2, an operator of the apparatus can easily turn

the sampling buckét to the scooping position from the standby position
and can easily return the same to the original standby position after

sampling, since the air cylinder, the rotation arms and the sampling

* bucket are functionally combined. This not enly causes easy sampling

but also makes it easy for the'tfaveling truck to move when sampling is

not carried out. Further, possihle_maifunctions of other constituent



bucket 68 fixed to the rotation arms 65, 66 thus|tRFMACERENT BHEETOM t he
scoopi ng position and finally reaches the standb
6la further proceeds to the nost advanced positi¢n} T tan
position is apart fromthe | owest-kept scooping 0$itrgﬁaﬁ€“gﬁyapg e
not exceeding 90[err] . This standby pogition cofrésponds to fhef npst
recessed position of the rod 61la of the air cyligpder 61, and therefore,
t he sanpling bucket 68 is prevented fromturning :
shoul d be ¢ S Tt Fels r : ) ket ida&s wied
Fouch t he. boreaay sy o, BESHE ABITE" Tk ConB AR 160101 My, B 806 uit
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confirmed so as not to obstruct the visual field of the TV canera 5.
moderately deaden the shocks that may happen on the rotation arms when

they are made to start turning or are kept in the process of turning or
05 are made to stop by the air cylinder. The scooped matter can thus be

prevented from spilling out of the bucket.

Brief Description of Drawings
Fig. 1 show the entire constitution of a preferable model of the

10 apparatus for sampling dust in a duct in accordance with the invention.
Fig. 2 blockdiagramatically shows the traveling portion control device
mounted on the traveling portion and the remote control potion o
remotely connected to the traveling portion control device. Fig. 3
shows a partial cross-sectional side view of the traveling portion.

15 Fig. 4 shows a partial cross-sectional plan view of the traVeling
portion. Fig. 5 show the front view of the traveling portion. Fig. 6
shows a perspective view of bucket means of the traveling portion.

Fig. 7 shows perspective views of two sampling bucket: (A) one has a

flat scooping plate, (B) the other has a somewhat warped scooping plate.
20

Best Mode for Carrying Out the Invention
In the following the present invention is described in detail in
accordance with the accompanying drawings.
In Fig. 1 reference number 1 stand for a duct, 2 for an equipment
25 sending-in orifice provided fo the duct 1, 8 for traveling portion sent
in through the equipment sending-in orifice 2, 4 for a remote control
portion, and 12 for a compressor'porfion for generating compressed air.

The traveling portion 3 is retrievably inserted into the duct 1

pesttor—whern—i he rod 20



1 Next the constitution of the sanpling BEHMQINﬁ&Tl%Q@éstrlbed
t'ogether with the constitutional relationship bet t-he—-sanpting!
bucket 68 and rotation arns 65, 66. The sanplingib xck ﬁégg &ﬂ* chis
scoop accunul ations in the duct 1, is detachably atta @3 0$
rotation arns 65, 66. The sanpling buckeg 68 shownln Eig. 7(A).
suitable for a duct having a flat bottom and thg scooping plate GBa
attached to the bucket body position 68b has its +TWW#—1thfﬂﬂw$&—k{near.

The sanpl i ngy mgglg; ngqupﬂq@m | And{oid Brificee ug mw A1 pbrtd

h
duct, and the sc omer e e curveg so as 10

tofit the Ciiip? 4¢sCa Fralé¥ing Urck TBecabvpiiRla Ty i(destr&Bea tterhe

sanpl i ng bucket 68 has triangul ar side wa and the i nclined faces
fol l owi ng t hBuckeoaRang 60) ajompEsisediasr r@éetmamzupemb‘@ianﬂ raami I lumidatong -

light 18, said traveling truck 15 being freely movable forwardly and

05 backwardly in the duct 1. Reference number 16 represents power-
transmission round belt(s) connecting wheels of the travéling truck 15.
‘The previously mentioned remote control portion 4 contains a
television 6 for displaying an image taken by the TV camera 5, a VIR 7,
a remote control switch 8, a transceiver 9, an amplifier 10 and a
10 power source equipment 11. The power source equipment 11, which is
power-supplied normally from AC 100V-line, has also a battery built 1n
- 50 as to be kept energized for 5 hours without AC IOOV-supply

The above traveling portion 3 is connected with the remote control

portion 4 throﬁgh a signal line 13, and with the compressor portion 12
‘15 through an air tube 14.

Reference number 17 shows a direction in which the traveling
portion 3 made up of the traveling truck 15 and its on-board carrying
constituents travels in the duct 1.

Next the control mechanism of the apparatus is described according

20 to Fig. 2. The traveling portion 3 is provided with a traveling portion
control device 20 having its core part 19 composed of a control board
22, a signal convertéfhés ;nd a voltage regulator 27. The control
board 22 is connected to a traveling system 28, a TV camera system 35,
an illuminating light system 37 and a bucket means system 60. The

25 previously mentioned transceiver 9 forms the pivotal part of the remote
control portion 4. which remotely exchange signals with the traveling
portion control device 20 through the signal line 13; it receives,

through the control board 22 and the signal converter 23 both in the

to



The accunul ati ons scooped up fromthe duct through the

6Ba are, as they are, introduced into the bucket body p thﬁg@ %&'EHI'
bucket body portion 68b is provided on both outer sidepalls with

68c for interlocking with key slots 65c, 66¢c provided pnjtH MAR mgatl g
arns 65, 66. The key slots 65c, 66¢c of the rotating arjs| 65, 66 ar:e
made | onger than the keys 68c so that the sanpling buckel 68 !
interlocked in the key slots 65c, 66c can nove vertically along the 20 I
possi bl e uneygrngast 9, tihe dq@halom Ut p@ged Sfrom e d¥ctambra B¢n Sthepl i ng
bucket 68 is thus enabled to proceed 1 n the duct always kept in touch
with the bot §ncamerd sysiemf 33, handiwhén iransmits the signaddZii to cbhet tedebigibet body
portion 68b of the sanpling bucket 68 i s made of transparent plastic
resin for thé mﬁphesé"?gﬂ bmieanmgfteiectwmectmamSSM dncthechemothe f orward
scene through the transparent bucket bod portion 68b even if the
sanpl i ng buclertred postiamd. érhetscened@oﬁong of thqoabsaweim Ptlmirlt)mé'r t he
scoopi ng plate 68 may be of plastic, de repl aceabl e,

since the §cc§é@ﬁltﬁlgll}ﬂ élaee?gwgadmatm eapedr ¥l éﬂﬁi Sthkiﬁg t0 the duct 1) 1s
taken by the TV camera 5 and then displayed on the teleV131on 6 and

recorded in the VIR 7. On the other hand an operator of this apparatus
manipulates a remote control switch 8 to sends operation signals 25 in
the form of electromagnetic waves 26 to the transceiver 9 in accordance
10 with an image displayed on the television 6. The operation signals 25
received by the transceiver 9 are transmitted to the control board 22
through the signal line 13 and the signal converter 23 contained in=fﬁg :
traveling portion control device 20. The control board 22 makes
the received signals control the previously mentioned systems 28, 35,
15 36, 37 and 60. |
The above voltage regulator 27 supplys voltage suitable for the
electric equipment in each of the systems 28, 35, 36, 37 and 60.
| The traveling system 28 contains an electric motor 40, which is
supplied, for instance, with DC 12V.
20 The TV camera system 35 contains the TV camera 5.
The illuminating light system 36 contains the illuminating 11ght
18, which is supplied, for imstance, with DC 8V. '
The ejection nozzle system 37 contains the compressed air ejection
nozzle 55 and the magnetic valves 38 for allowing and stopping the flow
25 of the compressed air supplied from the compressor portion 12 through
“the air tube 14. The electromagnet1c check valve 38 is supplied, for
instance, with DC 12v.

The bucket means system 60 cbntain an air cylinder 61 and an
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electromagnetic valve 62 for allowing and stopping the flow of the
compressed air supplied to this system 60'from the compressor portion -
12 through the air tube 14, The electromagnetic valve 62 is supplied,
for instance, with DC 12V.

The traveling portion 3 has its constitutionfdescyjbed in further
detail in the following in accordance with Fig. 3 to Fig: 7.

The traveling truck 15 of the traveling portion 3 has its back
side provided with an electric socket 29 for connecting the signal
line 13 thereto and with an air socket 42 for connecting the air
tube 14 thereto.

Further the traveling truck 15 has on both side a pair of driving

wheels 32 in the backward section, a pair of trailing wheels 34 in the

forward section and a pair of guide rollers 33 in the middle section.
These wheels and rollers on each side are linked mutually by means of
a belt to transmit driving force from the driving wheel 32 to the
trailing wheel 34 through the guide roller 33. As a mechanism to drive
the driving wheel 32, there are provided on the driving truck 15 the
previously mentioned electric motor 40, a miter gear 41 attached to the
shaft of the motor 40, another miter screw 30a engaged with the miter
gear 40 and having its shaft provided oppositely with.a worm gear 30,
and a worm wheel 31 meshing with the worm screw 30 and having its shaft
made common with the shaft 32a of the driving wheel 32. A similar =
driving mechanism is provided also to the other of the pair of driving
wheel 32 so that the two driving wheels 32 can independently operated.
Thus the traveling 15 is made, through the operation of the remote
control switch 8, not only to progress, retrogress and stop but also

to turn to the right and left. -

The previously mentioned TV camera 5 is positioned at the lower



_td be supplied to the cidrrpressed air ejection nozzles pOREPLACEMENT SHber
14 is let to the traveling truck 15 through the air sofkpt—42—FHre—air

tube 14 led to the traveling truck 15 branches out to pnjair_ tube 14a :
toward the air cylinder 61 and an air tube 14b toward | hg éﬁhﬁV@%ﬁgﬁ f
air ejection nozzles 50. The tubes 144 hnd 14b have el pclronmagnetic '
val ves 62 and 38, respectively on the air cylinder side and on the
nozzl e side. These valves 62 and 38 are on-and off cohkx

the control comiaal pazt f thee frentode thertravdlisgvtradk 35, observing thperation of

the apparatus is described in the following. Wth t he sanpling bucket
68 att ached forwardescené rinofher ducdt i.on arns 65, 66 by means of
interlocking, the traveling truck 15 is inserted into the duck 1

t hrough the equilhérateviousty meptiianest paircef Tompyessed s edettign aezzlest he
iIIuninating l'i ght 18€%pd ghe TV, canmera 5 by oper tin%_the renot e
control swi PBRTE. anraaged e doth $1des gk the TVsCamere & andTixed £9 asakd ng t he
electric thor 40 energi,zed ghro%gh Lhe &F%ratio of the renote control
switch 800 A€IeG SOMRrRISeAAirs BoRYRrd QULIAUREY dB¥WREL-ept i n the upward

The previously mentioned illuminating light 18 is located at the
forward upper central position of the traveling truck 15 and directed
forvard obliquely downward. | |

In this model of the present invention the TV camera 5, the

10 illuminating light 18 and the compressed air ejection nozzles 50 for

| allowing and stopping compressed air ejection have their on-and-off .
operation controlled through the control board 22 by the remote control ~

switch 8, with their respective viewing, illuminating and air-ejecting
directions fixed. However, this model may be modified so that the

15 remote control portion 4 controls also the illuminating direction of
the illuminating light 18 and the air—ejecting direction of the
compressed air ejection nozzles 50.

The previously mentioned bucket means 60 is attached to the
forehead of the traveling truck 15; the traveling truck 15 is-provided

20 at its forehead with a pair of supporting elements 63 extending forward

~ to support therebetween a shaft 64, and a pair of rotation arms 65, 66
is born by the shaft 64 rotatably around the same, and then a
sampling bucket 68 is detachably attached between said pair of rotating
arms 65 and 66 to complete the pfeviously mentioned bucket means 60.

25 The pair of rotation arms 65, 66 are fixed respectively to both ends of
a hollow cylindrical member 67 which rotatably surrounds said shaft 64.
Both the rotation arms 65 and 66 can thus turn around the shaft 64 as
an integrated one body. | |



standby position by introducing pressing air into the 4i
fmake the rod 6la proceed to the nost advanced position.
‘the pressing air is realized by making the el ectromagngti
trough the operation of the renote control switch 8.

traveling truck 15 is traveling, the TV2canera 5 sends
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connected to the rod 6la of the previously mentioned air cylinder 61,
while the other of the pair of rotation arms 65, 66, namely the arm 66,
is connected to the rod 69a of the previously mentioned hydraulic
damper 69. The footing end of the air cylinder 61 is fixed to a part
of the frame of the traveling truck 15, while the hydrauiic.damper 69
has its footing end pivotally supported by a fixing pillar 70 stood on
the frame of the traveling truck 15.

The air cylinder 61 has its rod 61a forced by a spring provided in

the cylinder 61 normally in the receding direction so that the rod 6la
is kept at the most recessed position while the air cylinder 61 is not

supplied with pressing air. To the contrary, while the air cyllnder 61"

is kept supplied with pressing air, the rod 61a proceeds to the most
advanced position resisting the above mentioned spring in the cylinder
61. Thus the rotation arms 65, 66 turns through an angle corresponding

to the movement of the rod ﬁia of the air cylinder 61 between the above

mentioned most recessed and most advanced positions.

The previously mentioned hydraulic damper 69 is to moderate the
sudden movement of the rod 6la arising at an instance when pressing
air is introduced to, stopped or released from the air cylinder 61.
Therefore, by connectiné the hydraulic damper 69 to the rotating arm
66, the sudden turniﬁg~6f'fhe rotation arms 65, 66 due to the air
cylinder 61 is relaxed, and their turning become smooth. Therefore,
the sampling bucket 68 attached to the pair of rotating arms 65 and 66
is made to turn smoothly.

When the air cylinder 61 has its rod 6la kept at the most recessed
positioh. the rotation arms 65, 66 are set nearly vertical causing the

sambling bucket 68 to be kept at the lowest position. This lowest



the tel evision 6 the operator nakes the sanpling buck ¢ REBLA

S€oopi Ng posi

stopped or kept traveling, when the traveling truck 1
predeterm ned position or to the place where the operat
that sanpling is necessary. The sanplirdgdbucket 68 is

t he scoopi ng
pushi ng back

tion fromthe standby position with the ty

position fromthe standby position by th
the rod 6l1la wi.th the air cylinder 61 Kept

wi th pressingos] fiohyofc ties bieket his he Se66pIRE OS] td o Aoy esc@dping! dusthe
above operation is of course realized through the operation of the

renote contr@ccemilations.in duct 1. Wth the traveling truck 15 kept
traveling forwardly after the 15 sanpling bucket 68 is made to turn to the
scoopi ng posi ti orlnf thenabdve scoopingapesitionpdhe hydnaulitheyhindert6Ia@si nts ouch
with the bottom of the duct 1 scoops accunul ations in the duct_ 1.
Further it i Jopdi98i kand, imdhe soatkiadransedneaitiono andiidet rsapion: acs 65,
j ection Qp%zles 5Q eject COTBressed air toward, accunul a-

conpresse%sm
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éé gfe prevented from turning further. the other -hand the air
cylinder 61 has, in this scooping position. has its rod-éla kept in the
most recessed position, and the rotating arms 65, 66 are prevented from
turning further also in this case. Namely, in the scooping position of
the sampling bucket 68 the air cylinder is prevented from receding

further.
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By making the traveling truck 15 proceed with the sampling bucket

68 kept in the scooping position, the bucket 68 scoops foreign mattefs"

accumulated in the duct 1 for sampling.
With pressing air introduced into the air cylinder 61, the rod 6la

prbceeds from the most recessed position opposing the spring, puéhes

the rotation arm 65 and makes the rotation arms 65, 66 turn clockwise -

from the vertical position as shown in Figs. 3 and 6. The sampling

bucket 68 fixed to the rotation arms 65, 66 thus turns leaving from the

~ scooping position and fihally reaches the standby position when the rod

20
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61a further proceeds to the most advanced position. The standby
position is apart from the lowest-kept scooping position by an angle
not exceeding 90° . This standby position corresponds to the most ~
recessed position of the rod 61a of the air cylinder 61, and therefore,
the sampling bucket 68 is prevented from turning further. The standby
should be chosen as a position where the sampling bucket 68 does not
touch the bottom of the duct 1 and the scooped dust sample does not
spoil easily. At the same time the standby position is experimentally

confirmed so as not to obstruct the visual field of the TV camera 5.

I
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20 tions, before lowering the bucket to the scoopi ng p sﬂEPbﬁCElMEka&hhﬁEﬁg] ‘

the electronagnetlc valve 38 in the path of the air tube

the conpressed air ejection nozzles 50. Conpressed air [e] ect1|é-50 E'r@%
t-he nozzl es 50 causes such a situation change in the ductf 1 @

foreign matters accunul ations are partitadly or fully b
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contam nations sticking to the duck 1. The process of sj tuation change
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and after-blow state in the duct 1 are displayed on the=tefevision ©

and recorded in Neg Wiecénstitadon ofr oheestmpl$ngdickete6Stigtdesofibeti cki ng

of remai ning contam nations are thus made clear. Contam nation |eft
together with the constitutional relationship between the sampling

bucket 68 and rotation arms 65, 66. The sampling bucket 68. which is

to scoop accumulations in the duct 1, is detachably attached to the

05 rotation arms 65, 66. The sampling bucket 68 shown in Fig. T is

suitable for a duct having a flat bottom, and the scoopiﬁg plate 68a

attached to the bucket body position 68b has its lower edge made linear.

The sampling bucket 68 shown in 7(B) is to be used in a cylindrical

duct, and the scooping plate 68a has its lower edge made curved so as
10 to fit the curvature of the duct. The bucket body portion 68a of the

sampling bucket 68 has triangular side walls, and the inclined faces

following the scooping plate 68a are made open upwards frométhe fronf:' '

The accumulations scooped up from the duct through the scooping plate

' 68a are, as they are, introduced into the bucket body portion 68b.

15 The bucket body portion 68b is provided on both outer sidewalls with

keys 68¢c for interlocking with key slots 65¢, 66¢c provided on the

rotating arms 65, 66. The key slots 65¢. 66¢ of the rotating arms 6b,

66 are made Ionger than the keys 68c so that the sampling bucket 68

interlocked in the key slots 65¢c, 66c can move vertically along the

20 possible unevenness of the botfom surface of the duct 1. The sampling

bucket 68 is thus enabled to proceed in the duct always kept in touch

with the bottom surface of the duct 1.

In addition the bucket body portion 68b of the sampling bucket 68

is made of transparent plastic resin for the purpose of enabling the TV

25 camera 5 to catch the forward scene through the transparent bucket body

portion 68b even if the sampling bucket 68 is kept at the scooping

position. Further the scooping blate 68a, which may be of plastic., can

be made replaceable, since the scooping plate 98a not only wears and



17 in the duct 1 without being blown off can be d {by
t he sanpling bucket 68. After the sanpling oy neans of the
sanpl i ng bucket 68 is conpleted the traveling truyck 133 MARC98 ndd |t o
t‘he equi pnment sending-in orifice 05 21v@th the sanpli|jnd bucket 68 tufngd
back to the standby position, and then the bucket] 68 Is taken out for
anal ysi ng the sanpl ed. Further the present ilnvention can be .uged
only for ckeari bet algkuqmst be tadebipiiereniofih §Hape ajacuotdrdbhewittn thee duct
by neans of the pair of .conpressed air ejection nozzles 50 while the
travel i ng shapekofiGhesdurddk 1he tfeatures of dotumiiatdonst toi tieh sampd ed aand ey
bucket 68 detached. It is, of course, obvious that the present

i nventi on Statesefl agcumilasianonthe rhwcﬂung angde cafnthyy seooriag plracer 6dchbo

conmpl eti on of duct cleanin trijal plicati
P the duct bottom is é%]UStEd %ﬁustlng the atta hxng angle to the

05 bucket body portion 68b.
Referring to Figs. 3 and 4 it is understood that the pressing air
supplied to the air cylinder 61 is in common with the compressed air
to be supplied to the compressed air ejection nozzles 50. The air tube
14 is let to the tra»e11ng truck 15 through the a1r “socket 42. The air
10 tube 14 led to the tra»ellng truck 15 branches out to an air tube l4a
toward the air cylinder 61 and an air tube 14b toward the compressed
air ejection nozzles 50. The tubes 14a and 14b have electromagnetic
valves 62 and 38, respectively on the air cylinder side and on the
nozzle side. These valves 62 and 38 are on-and off controlled through
15 the contfol board 22 by the remote control switch 8.
Operation of the apparatus is described in the following. With
the sampling bucket 68 attached to the pair of rotation arms 65, 66 by
means of interlocking, thé traveling truck 15 is inserted into the
duck 1 through the equipment sending-in orifice 2. After switching on
20 the illuminating light 18 and the TV camera 5 by operating the remote
control switch 8, the traveling truck 15 is made to start by making the
electric motor 40 energized through the operation of the remote control
switch 8. At this time the sampling bucket 68 is kept in the upward
standby position by introducing pressing air into the air cylinder 61 to
25 make the rod 6la proceed to the most advanced position. Introduction of
the pressing air is realized by making the electromagnetic valve 61 open
trough the operation of the remote control switch 8.

. While the traveling truck 15 is traveling, the TV camera 5 sends



| BEPLACEMENT OSHeel |
As i's understood fromthe above description, the apparfatfus for 15 sa Iﬁng
dust in a duct in accordance with the present inventidn |cap3bgar 1998/S¢d:in
such a narrow duct as can not be accepsed internally Ry ja person, |t
col | ect sanpl es necessary to know the kinds of matters it n
the duct, the state of accunulation and sticking or tHe | i ke. The T

apparatus, PRELEITn! bR PR PRIV YRR, 5o Hhe TR s B oo
18 the VIR 7. The operator of the apparatus can observe the state of
dust accumulation in the duct 1 by watching the television 6. Watching
the television 6 the operator makes the sampling bucket 68 turn to the
05 scooping position from the standby position with the traveling
truck 15 stopped or kept traveling, when the traveling truck 15 comes to
a predetermined position or to the place where the operator considers
that sampling is necessary. The sampling bucket 68 is made to turn to
the scooping position from the standby position by:the spring force
10 pushing back the rod 6la with the air cvlinder 61 kept not supplied
with pressing air by closing the electromagnetic valve 62. All the
above operation is of course realized through the operation of the
remote control switch 8.
With the traveling truck 15 kept traveling forwardly after the
15 sampling bucket 68 is made to turn to the scooping position from the
standing position, the bucket 68 in touch with the bottom of the duct 1
scoops accumulations in the duct 1. ,
Further it is possible, as occasion demands, to make the pair of
compressed air ejection nozzles 50 eject compressed air toward accumula-
20 tions, before lowering the bucket to the scooping position by opening
the electromagnetic valve 38 in the path of the air tube 14b leading to
the compressed air ejection nozzles 50. Compressed air ejection from
the nozzles 50 causes such a situation change in the duct 1 as the
foreign matters accumulations are partially or fully blown off leaving
25 contaminations sticking to the duck 1. The process of situation change
and after-blow state in the duct 1 are displayed on the television 6
and recorded in the VIR 7. Kinds, properties and the state of sticking

of remaining contaminations are thus made clear. Contamination left

-~



CLAI M5, 1. Apparatus for sanpling dust in a ducmﬁﬂi ET a
tFavel ing truck (15) capable of traveling forwafdly &nd backwarfly in a
duct (1); aillumnating light (18) for iljuf M} iMAR 4998 i hs| de of
said duct (1), said illumnating light (18) bei pgfmounted on the front of
said traveling truck. a TV canera i( %) for pbserving tieTrnrsijde view of
said duct (1), said TV canera (5) being nmountedlgn the front of glaid
traveling truck (15); at | east one conpressed air ejection nozzle (50)
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front of sai %ahb?i‘(@'ﬂd%ﬁeﬁ iggck (15);

After the sampling by means of the sampling bucket 68 is completed

the traveling truck 15 is returned to the equipment sending-in orifice
05 2 with the sampling bucket 68 turned back to the standby position, and
then the bucket 68 is taken out for analysing the sampled.

Further the present invention can be used only for cleaning a duct
by blowing off the accumulations in the duct by means of the pair of
compressed air ejection nozzles 50 while the traveling truck 15 is made

10 to travel in the duct with the sampling bucket 68 detached. [t is, of
course, obvious that the present invention is used also to confirm the
cleaning effect after the completion of duct cleaning. é h
Industrial Application

As is understood from the above description, the apparatus for

15 sampling dust in a duct in accordance with the present invention can be
used in such a narrow duct as can not be accessed internally by a
person, to collect samplés necessary to know the kinds of matters
accumulated in the duct, the state of éccumulation'and sticking or the
like. The apparatus according to the present invention can be applied

20 to various duct, particularly narrow ducts, used in various fields of

industry.



bucket means (60) for sanpling accumnul atlons In said duct ( mmmll
means being attached to the forefront of said those nmounted Emu

said traveling truck (15); and a renote control portioh (%) for
remotely control said travelling track (15), said illumnating |light (18),
said TV canera, said conpressed air ej dc8ion nozzl e (50) and said bucket
nmeans (60); a sanpling bucket (68) of said bucket

between a | ower position where the bucket can scoop accu

air spouted from behind by said conpressed air ejection z Idlﬁm; 1998
Apparatus as defined in daim1, wherein said sanmpl i ng bycket (68) is al
constituted to standby w t hout obstructing the visual vi
canmera (5) dt Appadatuspkor samnlmg)ldust in3a deglpacompuisiag: defl

2 vherein Salg t?'ggé(lelhg rE?ﬁ‘é‘f (&5) capable of traveling forwardly and backwardly
in a duct (1);

a illuminating light (18) for illuminating the 1nS1de of said duct (1),
said illuminating light (18) being mounted on the front of said traveling
truck. | -

a TV camera (5) for observing the inside view of said duct (1), said
TV camera (5) being mounted on the front of said traveling truck (15);

at least one compressed air ejection nozzle (50) for eJect1ng
compressed air toward accumulations in front of said traveling truck (15)
said compresseed air ejection nozzle (50) being mounted on the front of said
traveling truck (15);

bucket means (60) for sampling accumulations in said duct (1), said
bucket means being attached to the forefront of said those mounted on the
front of said traveling truck (15); and

a remote control portion (4) for remotely control said travelling track
(15), said illuminating light (18), said TV camera, said compressed air
ejection nozzle (50) and said bucket means (60); |

~ a sampling bucket (68) of said bucket means being movable between a
lower position where the'bﬁéké{ can scoop accumulations and a upper position
where the bucket can standby without blocking the compressed air spouted from
behind by said compressed air ejection nozzle (50).

2. Apparatus as defined in Claim 1, wherein said sampling bucket (68) is
also constituted to standby without obstructing the visual view from said TV
camera (5) at said upper position.

3. Apparatus as defined in Claim 1 or 2, wherein said bucket means (60)
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traveling truck (15); a pair of rotat Q 5SHEE) |rotat @blte dai d
shaft (64); an air cylinder (61) for n| ng sal d paijr jof rotation
arms (65,66) between a standby positiorl &nd ja 4GMARMGPOY! §i on; a
hydraul i ¢ danper (69) for deadening the turni ng speed of gaijd rotation arns
(65, 66) nmade to turn by said air cylinder (65 amd al|sanpling bucket
(68) det acoadists asskartigliyoef ween said pairl_of

a shaft (64) supported by and between a pair of supporting elements
(63) projecting from the forefront of said traveling truck (15);

a pair of rotation arms (65, 66) rotatable said shaft (64);

an air cylinder (61) for turning said pair of rotation arms (65, 66)
between a standby position and a scooping position; :

a hydraulic damper (69 for deadening the turning speed of said
rotation arms (65, 66) made to turn by said air cylinder (61); and

a sampling bucket (68) detachably attached between said pair of

rotation arms (65, 66).



rota® on arns (65, 66). '
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(57) Abstract

An apparatus for sampling dust in a duct j 3 18
is to get samples for the purpase of knowing, ?
in advance of cleaning the inside of such a / i/
narrow duct as can not be accessed internally S -

by a person, the kinds of accumulations in
the duct and the state of accumulation and
sticking or the like. The apparatus comprises a
traveling truck (15) enabled to travel forwardly
and backwardly in a duct, a TV camera (5)
mounted on the traveling truck (15) in order to
observe the inside of the duct, a bucket means
(60) attached to the forehead of the traveling
truck (15) in order to sample accomulations in {
the duct and a remote control portion (4) for
remotely control the traveling truck (15), the
TV camera (5) and the bucket means (4).




