fge3e [ L(tJ6T; A# APPARATUS FOR | NNER SURFACE CLEANI NG AND OBJECTS

MOUNTI NG ON THE | NNER SURFACE 5 Field of the Invention The invention
relates to an apparatus for cleaning thé inner surface of”lmllm"mmhllluw
bodi es and for nmounting an object onto the inner surface.

particularly, the invention relates to an apparatus for cleanifgot he inner
surface of small holl ow bodies and 10 nounting strain gauges accurately on
the cl eaned inner surface where the holl ow space is narrow and i naccessi bl e
to human hahBPBARBIUSKFORNNNER SURFACECLEANINGAND GBIECTS MOUNEING Of very
often there is a need to neasur [ I n the structures of
interests. Strain gauges are COM o certain surfaces of the
structure of interest to neasure these applied | oads. The nounting of
strain gauges at precise |ocations on the structure of interest is of great
inmportance in order to ensure that 20 the data obtained fromthe strain
gaugessi s Fadi€ uf thkenvenflogeneral , a conventional standard procedure for
nounting strain gauges includes the following steps: 25 1. Cleaning the
surface where the strain gauge is to be nmounted on. 2. Mouunting the strain

gauge. ThiTheliavéitioy reritéd wean raypatdtmfdrMeaﬁﬁgam hasgsudaieoof bmal oflGwe by
neans of %’Bpadelve 3. res to 30 In strain

Co t
Toane ooulerBS Bhd foreirtng aarmbast paodhd el Suface, BbtsratudMilc g fyaben v 11
directly aébsttot be appardtuy fof clebsingandiingerbslifaeenoft Bdat tHotlow Igntligye apadd t he

surfa The next . i.nportant is how to mount the strai ayge onto the
o1 anndll 1| GRSHTIER ssp Blaauars aoqyatpl BybF isahed teh sice i fhehulR aes
surfaces fioharfigw ahd Macedssibletodamggshangsone of the 35 inportant factors when
deciding how to carry out instrunentation worKk. 2 Alot of tinme an
effort is spent to study where are the suitable nounting | ocations for
strain gauges such that the data collected fromthe strain gauges are
accurate d usef ul O‘ten there will be situations whereby there is a need
to mount %@ﬁ%@:@g@?—%ﬁﬂﬂ%he i nner surfaces of hollow bodies, especially
in cinsumstances when the external profile of the hollow bodies cannot be

changed,  Such. a8 Y BLACIIG. A AR, %4958 %o NEasid Sobila SHIR26F e

structures of interests. Strain gauges are commonly attached to certain surfaces of the

structure of interest to measure these applied loads. The mounting of strain gauges at

precise locations on the structure of interest is of great importance in order to ensure that
20 the data obtained from the strain gauges is accurate.

In general, a conventional standard procedure for mounting strain gauges includes the

following steps:

25 1. Cleaning the surface where the strain gauge is to be mounted on.
2. Mounting the strain gauge. This usually involves mounting the strain gauge onto
the surface by means of an adhesive.
3. Connecting wires to the strain gauge.

30 In strain gauge mounting, surface cleaning is a critical process as the surface will directly
affect the quality of the bonding between the strain gauge and the surface. The next
important step is how to mount the strain gauge onto the planned location precisely.

It is obvious that accessibility to the surfaces for mounting strain gauges is one of the
35 important factors when deciding how to carry out instrumentation work.
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When the planned | ocations for nounting strain gauges are on the inner
surface of a 10 narrow holl ow body with open ends, as the inner surface is
i naccessi bl e to human hands due to the @arrow space, it is not possible to
cl ean the planned | ocation effectively and nount the strain gauge at the
preci se location without an effective tool. US Patent No. 4, 329, 754
issued to Ray Wl son on 18 May 1982 di scl oses an apparatus 15 for cl eaning
and cl earing of engine cylinder exhaust ports, wherein access is gai ned

t hrough the spark plug receiving bore. The apparatus conprises a rod

i mpl ement npl at e _nmeans _affixable to the engine cylinder adjacent to
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has hi ghpressure rotary fluid distribution nozzles on a rotating bracket

carried on a novable platform 30 US Patent No. 5,829,461 discloses an
interior tWhkn lecpahngd Rieafidrist fos ricuintiid Bl Sinagtigbrage opithe snrivd\surfgceef &i pl e

| e head tatir t b ket . ilst.th
o dn e ronthdon Bk tf cBoR BRfs, aBithe D sUEicE Ih Iiphceraitn Ao
ggpear f to dmel tarthe pairow Olsdhebg;lipi?ww pwkﬁtil_ﬂb td sled'? Ele@padné@ |o@a$mr eﬁwivglp randnner
surrtrace C ni .an 0 ClS nopunti on e | er urrtace.
Accor di nglTOUTtinG draiy daigh 4t dhe,preorasecahion piasuleneeriye sl over cone t he
i naccessibility problemto achieve the accurate nounting of strain gauges
ith d dj [ f I j di t
mspocs or TRESIRENAL 2o 2o SRR ey \WiSon O PAMaT o2 SREREEL AT RbSARS and
str _ahr159$ugue cleaning ltamg cl8aringnef ergivid @givdef e_hl@ddsOWoh@,dirtvE@'eiéd bttessris @w}r@ﬁace
| NSI de. a rat us, c r ses 0S | oNnl n Su or an n opera e
over ® ThdRicdBR e S8 S e iR ot The Apr AR ORISR OF L and
i S oper abltempatdmephy affiribly torthersngiheldyligddr adjdeentsto piso plug rddedvisauppler Theas
contacting walls i e inner surface

. Whi ch filed h h th

profile @ra[t%%sgalﬁﬁ&aj\{/igggétgd boé%ﬁﬁfﬁ"’ﬁtpg:g}tg'?ﬁ‘\émo'tscﬁﬂtﬁgm'nﬁ%s at | east one
oper abl e t hreaded nenber having a | engt hwi se axis, such as a holl ow

i i h d its. i f t. i th
Chreada MibdaRRe LA e loE In Rt Soeel Mot BT L eg LB TR At he
f“ rect ihon qexmirld cﬁvidedo?aeyllnd?gd;]ﬂ’e?I\pMingfr&sofTherm?a;ﬁwgdimmdeai(‘j V\h.arbeﬁmcar-typghe

ever has two.qrQups i Vo es_an n,operation_en

(it ted w oL S oo e’ et B Tert, BoreLfiPbendnb fren & bt “Beds ons.

circumferential and extending in the direction of the cylinder axis.

25 US Patent No. 6,390,105 issued to Donald Ramsey on 21 May 2002 discloses an
apparatus for cleaning the interior of small diameter pipes. The apparatus has high-
pressure rotary fluid distribution nozzles on a rotating bracket carried on a movable

platform.

30 US Patent No. 5,829,461 discloses an interior tank cleaning apparatus for tanks and
large pipes having multiple nozzle heads on a rotating support bracket.

Whilst the above prior references disclose numerous forms of cleaning apparatus, there
does not appear to be any prior disclosure which is directed to apparatus for inner
35 surface cleaning and objects mounting on the inner surface.



Still another aspect of the present invention is to provide an apparatus
for inner surface cleaning and objects nounting on the inner surface,
wherein said at |east one threaded 20 mdnber is a cylindrical elenent
havi ng two opposite direction threads at the two ends on its inner surface.
A further object of the present invention is to provide an apparatus for

I nner surface cl eaning and objects nounting on the inner surface, wherein
the lever is provided with a 25 plurality of guiding openings along the

I engt h t heyceedidghy, |tqgfdn”élﬁxgto%r8ﬁ&@ ahOsppaPAUESTRIS cah dvBRomRVIAE inadeksdibifgn

provi de one degree of freedom (purely rot ation) and _two degrees of freedom
(rot at i on PaeRIerd [ty achigye theaceyratssgeyntisgioh atrajp Q?H@W'M‘Pﬂj’sb%@“”ﬂr%‘ai'ﬁ!vent i on

will now be further described by way of non-limting exanples, with
reference to the acconpanyi ng drawi ngs, in which: Figure 1 is a

perspecti heJRv ratus for inner surface cleaning and objects 35
nmounti gg on the inner surface of a preferred enbodi ment of the present
invention. Figure 2 is a sinplified sectional side view of Figure 1 of the

present i ArEAdingnto °ne4aSPP§|fu‘Pféh% 'nvgnﬁprs@@tanﬂ%ﬁtusflwyﬂ%&nﬁ%@ckawg

Figure 2. a'ﬁt:i%ﬁ*afh ?‘adg’é rﬁouﬁtﬂ@tonVlhﬁéY erfa@e%‘ﬂlﬁ@ﬂtfv& b@éneé Qﬂh‘?ﬁ'ﬂ%ﬂ/‘ JpRRk ifiadoi gure
1. Figure 5 is a front view of the support body o he sup gort of Figure 1.
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Figure 8 is a side view of a lever enbodi nment ure 1. ure 9
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8, wher ei iPpgrable mrﬂa%g@mb@ &eYing e engBvisre axiap Pt as @ehellomeaylnest Witht i on
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cl eaning and strain gauge mountin he i Avention when the apparatus is

pl aced i ntc@UEEhSI heor ozmntapwdae&faﬁ— giercdien natalel tadhe leagibmise #iept then,
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Still another aspect of the present invention is to provide an apparatus for inner surface
cleaning and objects mounting on the inner surface, wherein said at least one threaded

20 member is a cylindrical element having two opposite direction threads at the two ends on
its inner surface.

A further object of the present invention is to provide an apparatus for inner surface
cleaning and objects mounting on the inner surface, wherein the lever is provided with a
25  plurality of guiding openings along the length thereof for defining a path for movement of
the lever, which can provide one degree of freedom (purely rotation) and two degrees of

freedom (rotation and sliding).

Brief Description of the Drawings

30

The invention will now be further described by way of non-limiting examples, with

reference to the accompanying drawings, in which: -

Figure 1 is a perspective view of an apparatus for inner surface cleaning and objects
35 mounting on the inner surface of a preferred embodiment of the present invention.

Figure 2 is a simplified sectional side view of Figure 1 of the present invention.



20 opening 20 is forned at the center of the support. The | ever has a
cleaning end 88. The lever 80 is inserted through the opening 20 in the
central body 15 of the support 10 such #hat the |l ever 80 extends into the
hol | ow body 200. Figure 2 shows a sinplified side view of an exenpl ary
apparatus when the apparatus is placed in a hollow body. Figure 3 shows the
support 10 nounted within the hollow cylinder 200 when viewed fromthe 25
accessi bl e end of hollow cylinder 200. Wien in use, by turning threaded

nmenber 50, Frd\'ﬁb@hsB%écti&h'éﬂﬁélﬁafdh?'lhéﬁl-ﬂ@ffﬁgﬁwiace the support 10 extends
across the cross section of ow body 200 with the contact walls 42

abutting thigure driga front Yiaw of asupprst ofdhe SWbB@H}FnEBU:'SW@h ‘that the support 10

is firmy rﬂ"@résl.@a%ﬂpﬁewwtrrées ?ebﬂtewp@ﬂueaaﬁponmeﬁgw@ﬁort 10 is used to
provide firm pasitioning sup for the | ever 80 during surface cl eani ng

and 30 st ragqre&aﬁaéror%vmwloﬁgn e’rtﬁed@tm@mpermth%smoﬂ of Fiawre1i nsi de the

hol | owsboggq 486 |QH$rothré\ﬁ%%'c@ﬁnéc‘iﬁr‘iﬁ%eaﬁrdbﬁrt'of pRufgi.ctional forces between
t he i nner surface of hol | ow body and the contact walls 42. 5 Figure 4

i s a frontFigyre ipa sigde visvepba laver %fdb?)émpoi'ﬁ‘e“ﬂ'ﬁfe':'s‘ﬂfﬁrﬂort 10 i ncl udes a

central by, 9, |sb‘§8ctﬁ9ﬁta?ﬂ§ihl&idﬁgmﬁ€@8%f#@uﬁé@ two threaded menbers 50.
Figure 5 shows the centra of the support 10. 5 In the present
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rect angul ajitakied @'t s&@d?ﬂ” ng at both ends, when viewed fromthe front.

Each taper ed end 12 has t hreaded portion 18 that is generally cylindrical
in shdfe dreHraak! 8 @rﬁeé%@dr vislt alongineaBB ofrfigusp &hiwhgrein 3 straibreduge iy

el ongat e igkashe® tA8dusporends through the central body 15. In use, the

| ever 80 is inserted through the opening 20 and into the 10 holl ow cyli nder
200. The shape of the opening 20 nust be configured to accommodate the
shape of IatsileddPestigtidy ovi de cl earance to allow for the novenent of the

| ever 80 during surface cleaning and strai n gauge nounti ng operations. Side
hol e 30 extends through the side of the central body 15 with its axis
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depth as shown in Figures 1 and 3. 5 When the threaded nenber 50 is turned
in one direction, the threads on the threaded inner surface 52 engage with
the threads on the connecting portion 48 of the extendi ble nenber 40 such
t hat extendi bl e menber 40 noves away fromthe central body 15. The same is
done for the threaded nenber 50 on the other side of the central body 15.
This 10 results in an overall increase in the external dinension of the
support 10 due to the relative horizontal novenent between the connecting

portion 4€F|g:1md 4tibe frovtasshe df p@re&émmaa;Bsuwm 100 Mbecr@por moancladesi $ centiat ed
until the 08 ct wa

uts th surfagce of t oII body . 200.
Turni ng. ¢ 0O nBcupRancil Megters 76 aad Bidiesded fierdhnst 58 Pl S5V Eer «
a greater céﬁfrﬂ&aodmslwthemboﬁao.f ace of the hollow body 200. The 15
t hreaded nenber 50 is turned until the support 10 is firmy nounted onto

the inner surface of the hollow body 200. Turning the threaded nenber 50 in
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t hr ough t |§ Ogl%féﬁge’d &E@q e | ever 80. 7 The positions of
el ongat ed 93‘166? CaB PE R i &8 89°%5 are alternated along the length
of | ever 80. The pivot holes 75 enable the | ever 80 to be pi vot ally nounted
onto the ort 10. The 5 cati of t I vot s 7 depend.on
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profile that matches with the profile of the inner surface of hollow body 200. Figure 7

shows a threaded member 50 of the support 10. The threaded member 50 is a hollow

cylinder with two threaded segments at the two ends of its threaded inner surface 52,

which have opposite directions and interface with the extendible member 40 and the

25 central body 15 respectively.

The connector 10 connects the threaded portion 18 of the central body 15 and the
connecting portion 48 of the extendible member 40 to form the support 10. The threaded
portion 18 of the central body 15 engages with the threaded inner surface 52 at one end
30 of the threaded member 50 and the connecting portion 48 of the extendible member 40
at the other end of the threaded member 50. The threaded member 50 also act as a
means to adjust the external dimension of the support 10 by enabling the extendible
members 40 to move away from the central body 15 such that the contact walls 42 abut
the inner surface of the hollow body 200 and to move back to their original position. The
35 threaded member 50 are turned to decrease the length of the support 10 until there is



hol | ow body 200. A suitable pivot hole 75 is chosen such that when the

| ever 80 is pivotally nmounted to the support 10 at the pivot hole 75, a
strain gauge 500 can be 10 nobunted at tBe exact planned |ocation on the

i nner surface of the hollow body 200. The | ever 80 is operable to be
inserted into the hollow body 200 through the opening 20 until the chosen
pi vot hole 75 coincides with the side hole 30 of the central body 10. The
pin 400 is inserted through the side hole 30 of the support 10 and the

chosen pi \éhbuéwlcléa@tc@rbe‘t\h@ert fHeeinn&Osurdte dfetue ofiéwi sodP EoPaNEPR tontagunt ed
onto the support 10 via the pin 15 400, In this configuration, the |ever 80

is oper abl"@"ﬁﬁzt?é'ct‘ ithat dhe §%Rﬂ9nt1t9aﬁa’tq’?e'”ﬁm ipt the dllew bedy 2R The,s4PPet i s
abl e to comasithErinB&edd ViX the EHeaSibleVarid oftthe hbIlbwe Bylhbér 20teueto ARbh@middy
200 and is used for the nounting of the strain gauge 500. 1n another

conf i gur atdegi ag $howndy El9uses 1 andgerabl e to be inserted into the hol | ow body
200 20suntil a chosen elongated slot 70 coincides with the side hole 30 of
the central body 10. The pin 400 is inserted through the side hole 30 of
the centraih %H}? ti](?adejrﬁ‘q”ﬁ'P?’yso sHemedy@ ong glinestiony We,thieadss ony theothradgdont o

t he supporignekQurdéd §2 @ﬁg‘égeﬁﬁlﬂﬁitieQHre%G@'éhQﬁe b&ﬁtécﬁﬂgfborﬁ@n T49 obﬁt@éb&éﬁd?tblé to
nove forwards and backwards al ong the inner surface of hollow body 200. The

path of tHeembendd uehahat exirneible Bemist dRerves pwayfiom be qegtrglgaqjj,yl dhBy the

profile ofsahitsis doRE GttRS tHirdsded MbBeresE oM e dthét sige!bf the RehilrfdAPA 5 $h.gone
at a precise planned |ocation on the inner surface_ of the holl ow bod 200
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support 95 that is wapped with the sand paper 700 to the holder 90. This
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for surface cleaning and strain gauge nounting. 30 The profile of the
contact wall 42 may be changed to match the profile of the inner surface of
any hol |l ow body. For exanple, if a hollow body has a square cross section,
the contact wall 42 may be a square disc instead of a curved one.




9 The threaded nenber 50 described in the above enbodi ment is generally
cylindrical in shape and has a threaded inner surface. The external profile
of threaded nenmber 50 may be changed su@h that it can be turned with a
tool, for exanple, by using a nut with a hexagonal external profile such
that it can be turned using a spanner. 5 The shape of the support 10 and

t he nunber and configuration of the extendi ble nenbers 40 can al so be
changed as required by different circunstances. The above descri bed
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threaded nut. 4. The apparatus according to claim1l wherein the lever is

provided with a plurality of guiding openings along the length thereof for
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openi ngs iThel pldetoons ngeated hiaoagh aedsige doinBe df sHedténtral body 10. Similarly, the
lever 80 is now pivotally mounted onto the support 10. This configuration enables the
lever 80 to be operable to move forwards and backwards along the inner surface of
hollow body 200. The path of the forwards and backwards movement of lever 80 is
25  guided by the profile of the elongated slot. This ensures that surface cleaning is done at
a precise planned location on the inner surface of the hollow body 200. The support 10
stabilizes the movement of the lever 80 by preventing sideways movement and slipping
of the lever 80 during the surface cleaning and strain gauge mounting operations.

30 Figure 9 shows the head portion 60 of the lever 80 when viewed from B-B direction of
Figure 8. The head portion 60 includes a holder 90, an attachment support 95 and head
attachment portion 85 assembled together. The holder 90 is a rectangular block with a
slot 97 at its top surface and a slot 92 at its bottom surface, resulting in the holder 60
having a “H”" shaped cross-section as shown in Figure 9. The depth of the slots 97, 92

35 end about four ninth into the depth of the holder 90 from each side. The bottom edge of




30 6. The apparatus according to claim1 wherein said at |east one

ext endi bl e nenber includes a wall positioned at an end thereof, and the
wal |l has a profile that is to match thegprofile at the nounting position of
an inner surface of the holl ow body. 11 7. The apparatus according to
claiml1 wherein a strain gauge is renovably attached to the cleaning end of
the lever. 8. The apparatus according to claim1l wherein an abrasive
material is attachable to 5 the cleaning end for cleaning the internal
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novenent. 10. The apparatus according to claim1l or 9 wherein an end of the
extend| bl e menber is ogperable to abut an inner surface of the holl| ow body.
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35 with rotatl n
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the support holder 90 to enable effectlve cleaning of the surface for strain gauge
mounting.

20 In an alternative embodiment, the central body 15 and one of the extendible members 40
may be made as a single piece rather than being separate pieces mounted together. In
this case, only one threaded member 50 is required to connect the extendible member
40 to the opposite side of the central body 15. This alternative embodiment is suitable for
cases where the hollow cylinder 200 is very narrow.

25
It will be understood that most of the structure of the above example can be changed
without departing from the scope of the invention. For example, the number and position
of the pivot holes and the elongated slots can vary according to the planned location for
surface cleaning and strain gauge mounting.

30

The profile of the contact wall 42 may be changed to match the profile of the inner
surface of any hollow body. For example, if a hollow body has a square cross section,
the contact wall 42 may be a square disc instead of a curved one.
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long as there |s a surface at the head portion 60 to serve as a cleaning end for the

attachment of sand paper and a strain gauge.

Many other variations are possible within the scope of the present invention which is only
20 limited as defined in the claims or elsewhere as indicated.
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axis of the threaded member so ‘that the support is extendably fitted to the
internal surface of the hollow body.
15
2. The apparatus according to claim 1 wherein said at least one threaded member is
a cylindrical element having two opposite direction threads at the two ends on the

inner surface thereof.

20 3. The apparatus according to claim 1 or 2, wherein said at least one threaded
member is a threaded nut.

4. The apparatus according to claim 1 wherein the lever is provided with a plurality

of guiding openings along the length thereof for defining a path for movement of

25 the lever, which can provide one degree of freedom (purely rotation) and two
degree of freedom (rotation and sliding).

5. The apparatus according to claim 4 wherein the guiding openings include circular
holes and elongated slots.
30
6. The apparatus according to claim 1 wherein said at least one extendible member
includes a wall positioned at an end thereof, and the wall has a profile that is to
match the profile at the mounting position of an inner surface of the hollow body.
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body having an internal narrow space, comprising:
(a) at least one extendible member urging the inner contact wall of the
10 hollow body;
(b) a support having at least one extendible member joined to a
threaded member at one end of the support and an opening at the center
thereof; and
(c) an elongated lever having a cleaning end; wherein the elongated
15 lever passes through the opening on the support and slidably held by the
support; whereby a rotational movement of the threaded member causes
the extendible member to move in a direction parallel to the lengthwise
axis of the threaded member so that the support is extendably fitted to the
internal surface of the hollow body, and the lever is operable in rotational
20 movement or rotational and slidable movement.

10. The apparatus according to claim 1 or 9 wherein an end of the extendible
member is operable to abut an inner surface of the hollow body.

25 11 The apparatus according to claim 1 or 9 wherein the support is removably
mounted onto the inner surface of the hollow body and the lever extends into the
hollow body such that the cleaning end of the lever contacts the surface of the
inner surface of the hollow body.

30 12 The apparatus according to claim 1, or 4 or 9, wherein the lever provides a serial
of connecting points with a rotating or rotating and sliding movement.

13. The apparatus according to claim 1 or 5 or 9, wherein the edge of the opening at
the center of the support is able to provide firm guide to the lever to operate only
35 with rotating or rotating and sliding movement.



