MOVI NG HANDRAI L DETERI ORATI ON DI AGNCSI NG DEVI CE AND MOVI NG HANDRAI L
DETERI ORATI ON DI AGNCSI NG METHOD [ Techni cal Field] [0001] The
present invention relates to a noving handrail deterioration

di agnosi ng device and a noving handrail deterioration diagnhosing

met hod for diagnosi ng danage inside a noving handrail provided in a
passenger BOITWEYANDSMTHN DABEFICREEOA| At AGNOOINGA DEONCE NGN DAVEIO KMy HANDRATL
irradiation with radioactive rays. [Background Art] [0002]

In the background art, thSﬁﬁm?&ﬁwQ&?Qn%@&%ﬂménhﬁggg'que in which a

novi ng handrail ofa passenger convéyor Ts renoved anda radi ation
device is supported on a guide so that the noving handrail is placed
bet ween alTeathiatziiofiegeher ati ng portion and a radiation receiving
portion in order

t odi spl ayt hecong, EipnofmnresburledlnthenDV|nghandra|I Inaddition, in
the background art,” Patent Literature 1 has given disclosure about a
technique in which a radiation generating portion and a fl uorescent
portion for didpkeasreagniairegditdégr aphittesi hagenariag dtandciiddds tardooxptian
attachnment portion so as to be di sposed above and bel ow a novi ng
handrai | JiggpecthihuehYce The J adiQQranhi-c: i RBAS kS disphayed Wi h&nbhe

nmovi ng handrail 1s noved. Thus, the condition ofwdresburiedin

t henvi nghandrail can be obser ved.
for diagnosing damage inside a moving handrail provided in a passenger

conveyor such as an escalator or a moving walkway by irradiation with
radiocactive rays.
[Background Art]

[0002]

In the background art, there has been known a technique in which

— a moving handrail of a passenger conveyor is removed and a radiation device

is supported on a guide so that the moving handrail is placed between a
radiation generating portion and a radiation receiving portion in order
todisplaytheconditionofwiresburiedinthemovinghandrail. Inaddition,
in the background art, Patent Literature 1 has given disclosure about a
technique in which a radiation generating portion and a fluorescent portion
for displaying a radiographic image are attached through an attachment
portion so as to be disposed above and below a moving handrail respectively.
The radiographic image is displayed while the moving handrail is moved.

Thus, the condition of wires buried in the moving handrail can be observed.



[Citation List] [Patent Literature] [0003] [Patent Literature 1]

JP- A- 2003- 48683 [ Sunmary of Invention] [Technical Problenm [0004]

In the af orenenti oned background-art technique in which a noving
handrai|l of a passenger conveyor is renoved and pl aced between a

radi ati on generating portion and a radiation receiving portion of a
radi ati onldewtice, Littit akes tinme to renove and pl ace the noving
handrail. On the other hand, in the background-art technique
disclpseq“g@aﬁgggg&ﬁkkggratyre 1, that is, in the technique in which
a radiation generating portion and a fluorescent portion are attached
above and bel ow a noving handrail respectively, a guide or a support
portion for thel0dBvl ng handrail cones out in a radiographic inmage. It
is therefore inpossible to observe only the wires buried in the

movi ng handrai | phped POFdA00-d Q1bS-AbSEIve6lss5 0005]

[Summary of Invention]
[Technical Problem]

[0004]

In the aforementioned background-art technique in which a moving
handrail of a passenger conveyor is removed and placed between a radiation
generating portion and a radiation receiving portion of & radiation device,
it takes time to remove and place the moving handrail. On the other hand,
in the background-art technique disclosed in Patent Literature 1, that is,

-———- in the technique in which a radiation generating portiocn and a fluorescent
portion are attached above and below 2 moving handrail respectively, a guide
or a support portion for the moving handrail comes out in a radiographic
image. It is therefore impossible to observe only the wires buried in the
moving handrail in a portion to be observed.

[0005]

The invention has been accomplished in consideration of the
aforementicned actual circumstances in the background art. An object of
theinventionisteoprovide amovinghandrail detericrationdiagnosingdevice

and a moving handrail deteriocoration diagnosing method in which it is not



The invention has been acconplished in consideration of the

af orenenti oned actual circunstances in the background art. An object
of the invention is to provide a noving handrail deterioration

di agnosi ng devi ce and a noving handrail deterioration diagnosing
method in which it is not necessary to renove a novi ng handr ai
during t hecdsagyosienofe detetigoratiron durihhhehaovagngshanfldaidriofritiont
is possible to take an image in which other constituent menbers of a

passenge’s COIVENALGLAAD. dhe JRVINg, RBDARALI. AL B PLevenLed, LLOM £k Ng
out and belng supeﬁlnpose on a portion to served in the noving
handrail and a steel cord buried in the nDV|ng handrall. [ Solution

t o Probl erspsf 0086} members of a gagsengiar ciryeaehiteye thhaof brehoidigil are
obj ect, a noving handrail deterioration diagnosing device according
to the inventiQn d-BELUAES @ Jddeatd Qﬁbeemntctgeegmrtogotﬂt% %bggb@gpvté
radi oactive rays to a noving handrati | a passenger conveyor,

movi ng handrail noving in sync with steps moving W th passengers

st andi ng hekedRYIH seeElitord beltg! b silAdi de thhaonod Agndrail.
handrail; and a radiation receiving portion which receives the
radioactn@eltﬁus t4 anspidsed through the noving handrail;
characterized in that : the radiation emtting portion and the

radi ation receivin& portion are di sposed on one and the sane surface
side of the moVi’A%®handrail so that deterioration in the noving
handrai|l can be diagnosed while a curved part of the noving handrail
is put between ihherdeadt@tachne@ntid iBgePOhl i @ cand at hevimgdhaidroim
recei vi ng portion [ 0007] In addition, in order to achieve
the foreggin ect,.a nDV|n handr ai | det rloratlon di agho

rothod. ot aiRgH G FHETPRVENPrOR RETIAOL: (et i BBt gt adtokisg
deterioration |n a noving handrail of a passenger conveyor, thenoving
handr ai | nmapvatignienisyingwhthicst-@psh aoitsngud sdepassengeros r&ivangihﬂgirail
thereon, a steel cord being buried inside the moving handrai

charact er .z S

devi ce | ncI f}’?i‘sﬁg‘“gtae@%a %@g\éhg%m{%@ﬂt oarl'(tEl ?non %/ﬁ%%#n%%ltq lsjgrgéz;pg‘5 rl(l)oggtl? ve
rays to the noving handrall and a radlatlon recei ving portion which
recei ves “herzsdinoact heedimy/hereamsnitteeedothroughut bl imgvingharemvdrai |
is used for diagnosing deterioration in the noving handrail; and
deteriorabh@h:hn hBe MRYLINGhandiaily J3t i paNesed iy R t%fea:taélé!\é't%r Fe
the radiation emtting portion is di'sposed on one side of a curved
part of the noving handrail and the radiation receiving portion is
d|sposedréﬁsﬁﬁé“%WﬁE?d§Fﬁe@8ﬂjﬁﬁeﬂﬁﬂﬁ6@6dﬁ§#t‘6ﬁr®ﬁ€réﬁﬂptnéh§%n§he
surface side of the noving handrail as the radiation emtting portion
i s di spos@difqocasnlifdbothiRnGuhvadpasiathel wean vt hepsadbatk®Bisposed
emtting portion and the radiation receiving portion. [Advantageous
Ef fects of Invention] [0008

on one and the same surfate side of the moving handrail so that deterioration
in the moving handrail can be diagnosed while a curved part of the moving
handrail is put between the radiation emitting portion and the radiation
receiving portion.

[0007]

In addition, in order to achieve the foregoing object, a moving

handraildeteriorationdiagnosingmethodaccordingtotheinventionincludes



According to the invention, it is possible toprovide anovi nghandr ai
deterioration diagnosing device and a noving handrail deterioration
di agnosing nethod in which it is not necessary to renbve a noving
handrai|l during the diagnosis of deterioration in the noving
handrail, but it is possible to take an inmage in which other
const i t uente srepbet 8iafnoal passengeratcionviey emothan htivrafbwifng rhaseoar |
are prevented fromcom ng out and being superinposed on a portion to
be observe t ANy

novi ng hangfaY¥:Qﬁag%%fg%ag%QQEﬁ#%j%qghg é&%ﬁ gé&gg§ﬁ§lgufhgf%ﬂ§ and
effects than the aforenenti oned ones wil| be nade clear in the

descri pt iganging hieerfeohl ewkiraplepbodbaigt bufiBd|iefi@edoe inptviion befidrail;

Drawi ngs] [0010] [Fig. 1] Aside view of a noving handrai
det eri or af 00,4 2gnPs) angeg'nfo%lﬁ‘&%%&ya@g Je@eﬁ%rgp%dafs%%sﬂig &élﬁce
i nvention. [F A back view of the noving handrail

deterioration dlagn05|ng deV|ce accordi ng to t he enbodi nent of the
i nvent i orincluding a radiation emitting portion which emits radioactive rays to the

moving handrail and & radiation receiving porticn which receives the
radicactive rays transmitted through the moving handrail is used for
diagnosing deterioration in the moving handrail; aznd detericration in the
moving handrail is diagnosed in a state where the radiation emitting portion
is disposed on one side of a curved part of the moving handrail and the
radiation receiving portion is disposed on the other side of the curved
part on one and the same surface side of the moving handrail as the radiation
—— emittingporticonisdisposedsoastoputthecurvedpartbetweentheradiation
emitting portion and the radiation receiving portion.
[Advantageous Effects of Invention]

[0008]

Accordingtotheinvention, itispossibletoprovide amovinghandrail
detericration diagnosing device and a moving handrail deterioration
diagnosing methed in which it is not necessary to remove a moving handrail
during the diagnosis of deterioration in the moving handrail, but it is
possible to take an image in which other constituent members of a passenger

conveyor than the moving handrail are prevented from coming out and being



[Fig. 3] A view show ng a radi ographic image of a novi ng handr ai
taken by the noving handrail deterioration diagnosing device
according to the enbodi nent of the invention. [Fig. 4 A
side view showi ng the schematic configuration of a passenger conveyor
to be diagnosed by the noving handrail deterioration diagnosing

devi ce acueedimpgstdot hepcenbodimeabedrvete ni theentvionhajddest enpai grebf
Enbodi nents] [0011] An enbodi nent of a novi ng handrai

deteriOr%%EBQN%EQQQ9§Lﬂ9n89%kfﬁa%HQi§.”DVing handrai|l deterioration
[ t he

di agnosi ng net hod according to invention wll be described bel ow
with reference to the draw ngs. [0012] Fig. 4 is a side view
showi ng t he scHéf®llic configurati on of a passenger conveyor to be

di agnosed by a noving handrail deterioration diagnosing device

accor di ng to a@h@mglkr@datecg, tcb@fj.igm!ﬂltokgnand[ prje%]:s than the
aforementioned ones will be made clear in the description ¢f the following
embodiment.
[Brief Description of Drawings]

[0010]

[Fig. 1] A side view of a moving handrail deterioration diagnosing
device according to an embodiment of the invention.

[Fig. 2] Aback view of the moving handrail deterioration diagnosing
device according to the embodiment of the invention.

[Fig. 3] A view showing a radiographic image of a moving handrail
taken by the moving handrail deterioration diagnosing device according to
the embodiment of the invention.

[Fig. 4] Asideviewshowingthe schematicconfigurationofapassenger
conveyor to be diagnosed by the moving handrail deterioration diagnosing
device acceording to the embodiment of the invention.

[Description of Embodiments]
[0011]
An embodiment of a moving handrail detericration diagnosing device

and a moving handrail deterioration diagnosing method according tc the



In Fig. 4, an escalator, for exanple, a down escal ator is depicted as
an exanpl e of a passenger conveyor. The passenger conveyor 22
consisting of an escalator has a frame 23 which is buried under an
upper floor and under a | ower floor and built between the upper floor
and the lower floor. In addition, the passenger conveyor 22 has a
sprocket 24emhicphwilsl pe olbsdetbednokeiowt wghuppearefitoar arddratiabed by a
not - shown drive unit, a driven sprocket 25 which is provided under

t he | ower roor[ g pot shown endl ess chain which is wound around the
sprockets 24 ang 5, and a plurality of steps 26 which are provided
on the chain and nove with passengers standing thereon. [0014]

I n addi tion, eridBess irpvisige hdrdr didwénd 3hdi sppeseid nopdoatrdtdenvit k
the traveling direction of the steps 26 are provided on the opposite
si des of ga@@eﬁ}e@pém%@ oPac%sg@gﬁs&m%tearw ngmﬁheanazms d;@eﬁapaﬂ%d

t he novi ng handr ai | {5 The noving handrails 15 are driven by a
term nal gear 27 The termnal gear 27 is arranged so that the

term nal Cgiéa?osz?gc‘?ﬁ‘(lﬁ% JospEdied B%/aflh%“@%}?ﬁﬁlt% ifhesiAverimath t he

af orenmenti oned sprocket 24 which is rotated by the not-shown drive
unit. Thus, thegogpyj ng handrails 15 and the steps 26 are driven at
the sane velocity. That is, the noving handrails 15 and the steps 26

nove in sync. A steel cord 16 which will be described |later is buried
i nsi de each rm\FPn%lgha%d?%FFcaf%t% ber afﬂ%ﬁsé]dd‘?“ﬁ‘ tYva Fireht Aomcted
[ 0015] Figs. 1 and 2 are explanatory views of a noving

handr ai | deineixa0p Bl ¢ ONpLH s2YHOSENIFe @@V CheaGe ot el @Goht=yam 2erdasi sreng

of the invention Fig. 1is a side view, and Fig. 2 is a back view.

[ 0016] of a0 e Ca % V|ng:yandr dgt ra%pon d|q9n05|n deV|cg A
accordi ng 't 8" £Re* enbodirent "SHT omn H Erﬁesu%ﬁﬁX? AP Eolr Y -
which is a radlatlon enlttlng portion for emtting radi oactive rays,

t hat is, uddeaypsliaver tfheorrend hyiltameinvarh 16 upgerd £ acaraghcat ieobowegcBlioek ng
portion 29 which receives the X-rays transmtted through thenoving

handrai | dgﬂ‘ﬁonr ag!e%eis%ncge‘%c AN g& POLLL %nsp%'%c}%eﬁc’ %{]%ic%xﬂ"'}?i&fided

constltute a scintillator a canera
configuration, the scintillator 2 producing light in response to the
X-rays i $'npemgeduyy - thecrcavecds B2 A septashewrrdpive unit, a driven sprocket

e 25 which is provided under the lower £loor, a not-shown endless chain which
is wound arcund the sprockets 24 and 25, and a plurality of steps 26 which
are provided on the chain and move with passengers standing thereon.

[C014]

In addition, endless moving handrails 15 disposed in parallel with
the traveling direction of the steps 26 are provided on the opposite sides
of the steps 26. Passengers standing on the steps 26 can hold the moving
handrails 15. The moving handrails 15 are driven by a terminal gear 27.
The terminal gear 27 is arranged sc that the terminal gear 27 can be rotated

by the chain 28 in sync with the aforementioned sprocket 24 which is rotated



[ 0017] In addition, in the noving handrail deterioration
di agnosi ng device A according to the enbodinent, the X-ray source 1

is connected to a slide rail-including post 5 through a distance
changi ng portion 10 and a hei ght changing portion 6. A support base
30 is connected to the base of the slide rail-including post 5 and

a plural idytiof nst-opper <kivad uditng Thast ehs nbRimy kapirevided aond thhesteps
bottom side of the support base 30. In addition, an X-ray control

uni t 11 for_goptrolling,d QQmeq%Ef‘Jc%E .OnT%It Z%r,r @ ém‘émz%f ﬁ&%é?ﬂl %@%nd
X-ray source 1 1s nounted on the top side of the support base 30.

[ 0018] The aforenenti oned di stance changing portion 10

i ncl udes tdestiipporat paret i Ganwhi Elitstlppord §6 theciXwi by bsolgseribed lgater
support post 10b which is connectedto the radiation receivingportion

29 and i nsefledyiiAt /A0 diNashhl aRnfalie 1Bravided: dRsLHen SYRPRAGLLARRT
10a, and a fixing screw 10c which fixes the support part 10a and the

support post 10b to each other. Thus, when the fixing screw 10c is
| oosened, the ddpport post 10b noves relatively to the insertion hole
of the support part 10a so that the distance between the X-ray source

1 and the radi athon EeELhVd NG1PAH ORI &R G hd¥@n§Rindbi Badlesh M ion
di stance. [0019] In addition, the aforenentioned hei ght
changingcﬁprtion 6. can slide on a slide rail of the slide

rail -i nclUaPHy i pBsE WA 4 HahaI%e TR Thetat dd " RERT e Hei ght
of the height changing portion 6 is changed, the height positions of
the X-ray sodd @ged, and #ike f adi atda@Rm ¥i@ei ving portion 29 can be
changed. [0020]

[001l6]

The moving handrail deterioration diagnesing device A according
to the embodiment shown in Fig. 1 has an X-ray source 1 which is a radiatiocon
emitting portion foremittingradiocactive rays, that is, X-rays to themoving

—_— handrail 15, and a radiation receiving portion 29 which receives the X-rays
transmitted throughthemovinghandrail 15. Theradiationreceivingportion
29 is, for example, constituted by a scintillator 2 and a camera 3. In
this configuration, the scintillator 2 producing light in response to the
X-rays is imaged by the camera 3 using a mirror.

[0017]

In addition, in the moving handrail deterioration diagnosing device
A according to the embodiment, the X-ray source 1 is connected to a slide

rail-including post 5 through a distance changing portion 10 and a height

changing portion 6. A suppert base 30 is connected to the base of the slide



Further, the height changing portion 6 and the distance changi ng
portion 10 are connected through an angl e changing portion 31. The
angl e changing portion 31 has a vertical rotation shaft 7 which
changes the vertical direction of the X-ray source 1 and the

radi ation receiving portion 29, that is, changes the el evation angle
as i ndi catet-inrln@iegarasovis dmil phprality ahdteppgerincdafiinotaatronlshatt
fixing screw 8 which fixes the rotation of the vertical rotation
shaft 7 9Q,88udi0f t¥e bOG KOLALIQNANA S LNBEEOEe, | By 808 dilbPNan iR,y
angl e changing portion 31 has a horizontal rotation shaft 17 which
rotates the X-ray source 1 and the radiation receiving portion 29
hor i zont a&lepyzolt it 15 foy gortieldltaethd orreret iathel dridviksenitdpe AF &Y tha
Fig. 2, and a horizontal rotation shaft fixing screw 9 (shown in
Fig. 1) whigh fhxes it he dook@dd o @k tde had izontakufiratbon shaft 17
so as to fix the rotation angle thereof. [0021] In order to
carry out the diagnosis of deterioration in the noving handrail 15
usi ng the deteﬂpgﬂﬁtion di agnosi ng device A according to the

enbodi nent, a personal conputer 14 for accunul ating, analyzing and

processi ng Vi d@@e @@bier=tit HrspRSedanaNthahhehCadrtan 30andiddae pearponal
conputer 14 are connected through a video cable 13 for transmtting
vi deo i nages.

0022 When t he noving handrail 1 d the .
Vool cordataachuieh TRPPHE FBy s NeRERE 1 roo st breshy B B s
novi ng handrail deterioration diagnosing device A configured thus,
t he novi ngrnhanddab thedeid@et Dmatekeivingportion 29 and insertedintoan insertion
hole provided in the support part 10a, and a fixing screw 10c which fixes
the support part 10a and the support post 10b to sach other. Thus, when
the fixing screw 10c is loosened, the support post 10b moves relatively
to the insertion hole of the support part 10a so that the distance between
— the X-ray source 1 and the radiation receiving portion 29 can be set at
a desired distance.
[0019]
In addition, the aforementicned height changing portion 6 can slide
onasliderail of thesliderail-includingpost 5whenahandle 6a isoperated.
When the height of the height changing portion 6 is changed, the height
positions of the X-ray scurce 1 and the radiation receiving portion 29 can
be changed.

[00201]

Further, the height changing portion 6 and the distance changing



di agnosi ng device A according to the enbodi nent is placed near a
curved part 15a, 15b or 15¢ shown in Fig. 4. Description wll be nade
upon the procedure in the case in which the noving handrai
deterioration diagnosi ng devi ceAaccording to the enbodinment is, for
exanpl e, placednearthecurved part 15a to carry out the diagnosis of
det eri or atiropen [ Q@28 konnected th¥hegmev ianglshalmhoand ptbtico He diragmaded
in the enbodi nent noves in the sanme direction as the noving direction
of the steps,a6,,.00;4ha Aé@wermafl%@a&o%hmleaﬁ cﬁ%g@%cm@%&l@@
and 15b as the boundaries . In a ddi tion, the noving handrai

pull ed into a not-shown deck base on the |ower surface side mnth the
curved palirscdima ehdhd8bhrag schechourariesacmtdonreesivipatiretoéppaesit e
direction to the noving direction of the steps 26. [0024] To
work on tdg: prepaaybonntolivisidl hations ahaihe A0 Qe Randiak) rig.
deterioration diagnosing device A according to the enbodinent, first,
t he hei ght changi ng portion 6 and the di stance changi ng portlon 10
are oper ate®hd 8 Gttt tHStdPStsAntle ThERRRIT St He "R Fray i EouF e TP ETd T he
radi ation receiving portion 29 and the heights of the X-ray source 1
and the radirat FofiEeCebYifignpokit ONs29s itk advancessa ithahgidhenstcred
part 15a of the noving handrail 15 can be put between the X-ray
source 1 and t he scintill at 2 of ther ati receiyin ortio

2o oossn e Port Y nqh et Uit aF kot Brioar SN TR LR 1807 ng
handrail 15, the stoppers of the casters 12 of the noving handra|

det eri or at’i @i ctli agROss e deitizgesdArae 04tH Abe tradi 416 ce mbkedi et partécn
unl ocked, and the position of the deterioration diagnosing device A

Is deter r£|9r!'1 QClSOOI'lt tﬂ?‘ 31 ofli Ontltleo breec Jl?oser tCL of rtobvs ln %gdparEI 15a
of the noving han c4n be observe en e posi Gon-of the

deterloratlon dlagn05|ng devi ce A i's deternined, the position of the
det eri or @& i oW dibaghowitap rdevtiiceshnadt fiixedbyttrer $tiopper sn ¢figt A¢ which
casters 12. Further, the height changing portion 6, the distance

changi ng ford 'tQQ IJOQatJ‘_:cnleoﬁ%leeh&rqg&géaﬂgr&%rtlérpgh§§t RdS9s QR AL ehe

operated to performfine adjustnent such that the X-ray source 1 and
the scintillator 2 of the radiation receiving portion 29 can be set

i n properropasion oHs-ei Bia¥6Akert with the portion tobe observed. As a
result of the fine adjustnent, X-rays can be emtted fromthe X-ray
source 1 towardebsg scintillator 2 as indicated by an X-ray direction
4 for radiography illustrated in Fig. 1.

In order to carry cut the diagnesis of detericration in the moving
handrail 15 using the deterioration diagnesing device A accerding to the
embodiment, a personal computer 14 for accumulating, analyzing and
processing video data is disposed, and the camera 3 and the personal computer
14 are connected through a video cable 13 for transmitting video images.

[0022]

When the moving handrail 15 and the steel cord 16 buried in the
moving handrail 15 are observed by the moving handrail deterioration

diagnosing device A configured thus, the moving handrail deterioration



[ 0026] In the state where the X-ray source 1 and the

radi ati on receiving portion 29 are set as descri bed above, the X-ray
source 1 is disposed on one side of the curved part 15a of the noving
handrail 15 while the radiation receiving portion 29 is disposed on
the other side of the curved part 15a on one and the sane surface

si de of tHegneiinggidrvandriaibcaBinhdretiichendingnisoardecdd nsaxiasposed.
Thus, the X-ray source 1 and the radiation receiving portion 2 9 are
di sposed 1.0:piH,, the, curvedpart 15 4 herepetmesn: .. | additikon, .t he.
novi ng handrail deterioration diagnosing device A according to the
enbodi ment di agnoses deterioration in the state where the curved part
15a is plRFoBRfEer tiieraRe Layhsoukkenarigadartre il daraticsnt ecipvirgne
portion 29 as described above. Incidentally, during the operation of
the nmovi ngvhandrnakd-det ebitat albN ndh@gN0BI NG A8V C81L AAGEDF ShdButBd

t he enbodi nent, main portions including the X-ray source 1 and the
radi ati on recei vingportion 29 as a whole are covered with a | eakage
X-ray shi¥efli g poridroh 8 e st réadofcteag 34dbber, as shown in

Fig. 2. [0027] Fig. 3 is a view show ng a radi ographi c inage
of a noving handoat] taken by the noving handrail deterioration
di agnosi ng device A according to the enbodi nent. [0028] As

shown in Fig. 3% tQ%.ra go r%ghhptinaqs takegpythegnv'n handr%LI ,
deterioration di"adhosi'h H%@i e AT ACE T ETRY ot RS & %%Wﬁ%ﬁ?ﬂ that
is, the radiographic image of a steel cord 19 or wires 21 produced by
t he det erdherstricoti ref:-t tdreastteelmogong dlBedts odicspliay eckpen2 ¢,hen per sopak
conmputer 14. [0029]
surfacesidewilththecurvedpartslbaandlbbastheboundaries. Inaddition,
the moving handrail 15 is pulled into a not-shown deck base on the lower
surface side with the curved parts 15a and 15b as the boundaries, and moves
in the opposite direction to the moving direction of the steps 26.
— [0024]

To work on the preparation for installation of the moving handrail
deterioration diagnosing device A according to the embodiment, first, the
height changing portion 6 and the distance changing portion 10 are operated
to adjust the distance between the X~ray source 1 and the radiaticn receiving
pertion 29 and the heights of the X-ray scurce 1 and the radiation receiving
portion 29 in advance sc that the curved part 15a of the moving handrail
15 canbeput betweentheX-raysocurce 1 andthe scintillator 2 of theradiation

recelving portion 29.

[0025]

10



A wor ker who is checking the radiographic inmage displayed on the
personal conputer 14 adjusts the di stance changing portion 10 for
changing the distance between the X-ray source 1 and the radiation
receiving portion 29 in the position where the X-ray direction 4 for
radi ography overl aps the steel cord 16 buried in the noving handrail.
At this tinme, tlmecdiestandendretowdenstipeadiomain soameeit Bandirehe 15, the
radi ation receiving portion 29 is made as small as possible. [0030]

The steel st%9§&519f b Egsctew 1bhe fIRviRg. handy.at | gg&ﬁwm%ddlagﬁsmg

foll ows. Tha several thin wres are twsted into a sligh

thick wire called a strand. Several strands prepared thus are further
tw sted i9fV6<t Rercspedingder thelgiootheentagticogriaphi® infage pisither PRGSe
configured steel cord 16 taken by the noving handrail deterioration

di agnosi ng.tdeyi-Gei s aesRodi NP obei dNg enbodi-penty ks dhbe § gEMieh & be
steel cord 19 shown in Fig. 3. In the enmbodi nent, the nmoving handr ai

15 of the passenger conveyor 22 is radlographlcally i maged in the
state wheétPaetTRe &t £8F ceotd PPE TRl Fd ™t HEIHGRiFRy theharaPe cpsesved.

curved like a mountain in a front end portion where the noving

handr ai | whenitsefRlkdetbnbaCkhd Reediangiing ARt sinYiRR:i 4L istRekriokd, 19
on the radiographic inage deteriorates untwi sted wires are displayed
as wires él in g g t he condltlon of the wires 21 can be
observed éé’ﬁ”y“& °5t8‘é ‘Detreﬁf?llé{'f‘tt%ﬂdbﬁ‘%‘é’élwevﬁﬁ?)%ﬁ f%&i:eéi&’uy&f‘ﬁat‘fpc?etrﬁe
enbodiment, it is possible to image the noving handrail 15 w thout

t ouchi ng dfhﬁhaTby&umgsrmzndrﬂakthékS.tHd:héfghth@ﬂéﬁﬁfﬂngortion 6, the distance

changing portion 10, the angle changing portion 31 and so con are operated
to perform fine adjustment such that the X-ray source 1 and the scintillator
2 of the radiation receiving portion 29 can be set in proper positions in
concert with the portion to be observed. As a result of the fine adjustment,
o ¥X-rays can be emitted from the X-ray source 1 toward the scintillator 2

as indicated by an X-ray direction 4 for radicgraphy illustrated in Fig.

[C028]

In the state where the X-ray source 1 and the radiation receiving
portion 29 are set as described above, the X-ray source 1 is disposed on
one side of the curved part 15a of the moving handrail 15 while the radiation
receiving portion 22 is disposed on the other side of the curved part 15a
on cne and the same surface side of the moving handrail 15 where the X-ray

source 1 is disposed. Thus, the X-ray source 1 and the radiation receiving
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possible to take X-ray noving i nages while operating the passenger
conveyor 22. Further, when untwi sted wires are observed at the
determ nation place 20 in the formof the wires 21 in Fig. 3, the
X-ray source 1 and the radiation receiving portion 29 as a whol e nmay
be rotated vertically around the vertical rotation shaft 7 or rotated
hor i zont aldryiariiard diibecdedrp pontis curpedbd ngri 5g hh¢tebt¥rerp - t Hakdditionage
can be taken to inspect only the portion of the wires in detail. That
is, a still inade £an.be taken L 3,des 59&@%&&% $Qc8%ihg QJO%ﬁgve
the deteriorati ol condition further in detail. 32]

enbodi nent, the X-ray source 1 and the radlatlon rece|V|ng portlon 29
are di spoyeadgent fargnrdres Sighmfiorphian bf thhetstewieredyd A8 VPR PRAk 152
curved part 15a can be irradi ated, as described previously. In the
sunm t parst p19cf béﬂ@eﬁLHh\éeﬁi—r{a?rgou;é@ﬂ z;rh:ﬁ't% Qgchlac{:@r:ﬁi r%@eivﬁ.nl;%@t:ffq’l bﬁl
the outernost |ayer. Therefore, when this p05|t|on i s observed, the
steel cord 16 can be prevented from bei ng eri nposed and

radi ogr aptii C& Ty T HageE onlnéﬁB?rH'é‘lllWeﬁBéWg R%lé’pef‘ﬂ'emal Aghbs oy ing
accuracy can be inproved. [0033] In addition, fromsuch a

poi nt of nahewili dedeSiprLfier abhgndshald dethQ(ﬂrﬁ:}boﬁ@ngCeo thangbbignent,
radi ati on receiving portion 29 are set in the noving handrail 15 in
such a manner that the sunmt part of the steel cord 16 in ,the cyrved
part 15a "GARPHE6BEL? 88”‘«’1%’6%4]‘33’50““ am?g‘ﬁ‘eé&&ﬁ‘ﬁlcﬁﬂ et R AT O"
handrai|l deterioration diagnosing device A according to the invention
has t he dissiaanceothangi cigyeped twiom all-dkage clrangisnPeldieg giost BNCES made
between the X-ray source 1 and the radiation receiving portion 29, so
t hat the distance between the X-ra ce and the radiation
rece|V|ngqur%ionjfﬁdcaggﬁ 81ﬂ¥?§d |Ergcé%rdance wi th the shape of
the curved part 15a by the distance changi ng portion 10. Therefore,
when the distariéé2’bet ween the X-ray source 1 and the radiation
receiving portion 29 is made as snmall as possible as described
previously, a ragi ggfsagmlgw ABOE. can.pe, bt ained. wammj hanfLay
out put. Thus, the risk of |eak e of X-rays to the outside during

di agnosi s can be reduced. Even |f the X-rays |eak, the influence of
the X-rayskem bt’Héled%ﬁvspﬁié‘aéwllééiﬁtémﬂ?éél@hdaaqnéﬁg‘é! dewce. A ppeording
addition, the safety of a worker can be secured easily. Further, due
to.such rogn;ggy&ﬁhggﬂ, the novi ng handrail deterioration diagnosing
device A can be applied easily to various forns of passenger
conveyors. [0035& As descri bed above, the noving handrai
deterioration d ﬂﬂ05|ng device A according to the enbodi nent
irradiates the curved part 15a of the noving handrail 15 of the
passenger CONVeyehrowdlinwilgh 3XthaysdicheGondingdatakieh bl Shd@sShdhendrail
take a radi ographic inage of the noving handrail 15, that is,

di agnose deterioration in e nov han re ing the
Tovi g RARGTRITS1e" HRAEC>He HOEErT P aTIoBH" diTagro ST G BEV B 2=
including the X-ray source 1 and the radiation receiving portion 29
can be i nstatddédgraphic image of a steel cord 19 or wires 21 produced by the
deterioration of the steel cord 19 is displayed on the personal computer
14.
[0029]

A worker who is checking the radiographic image displayed on the

personal computer 14 adjusts the distance changing portion 10 for changing

12



easily. Further, the |layout can be adjusted so that the distance
between the X-ray source 1 and the radiation receiving portion 29 can
be mnimzed in an installation state in which the diagnosis of
deterioration can be perforned. Thus, the X-ray output can be
reduced, and the | eakage amount of X-rays can be suppressed. [0036]

| n addi t i, dishenqrgvatngerhalrrdf aialy sgetes | erathonadisadgroserrg vilewbedian
according to the enbodi ment takes a radiographic image in the state

where t hezgsa@eclhecfgfsqt;& QHEiLend B-LAL aMPYRG, NARGr abhi b2abis, gu&e&%gs
during the imaging with X-rays. Thus, untw sted w res produced by t

deterioration of the steel cord 16 can be observed accurately. [0037]
Al t hough @ff ¢&ehFatDt° s cBeerfra@sEiibedasie pisEemgerecbhv 8yoransy
way of exanple in the enbodinent, the invention is not limted

thereto, faute&aonde- .adgpgmdetloa@d gRNQL& atRBS SEPLBI i nG QPRYEYAN 25 UShaas a
novi ng wal kway. [0038] Al t hough t he novi ng handrai

deterioration diagnosing device A according to the enbodinent is
|nstalle&snﬁﬁﬂltﬁ%FPﬁFVgﬁ part 15a by way of exanple so as to

di agnose deterioration in the noving handrail 15, the noving handr ai
deterioration dicagsosi ng device A may be installed near the curved
part 15b shown in Fig. 4. Also in this configuration, accurate

deterioration q"hagpee%_l corg?gbggled%gtgg Hoexgln\émhgggrallagg?}gn% daQ?olrE%\v/wl ng

That is, several thin wires are twisted into a slightly thick wire called
a strand. Several strands prepared thus are further twisted intec the steel
cord 16. The radiographic image of the thus configured steel cord 16 taken
by the moving handrail deterioration diagnesing device A according to the
embodiment is the formof a steel cord 19 shown in Fig. 3. In the embodiment,
— the moving handrail 15 of the passenger conveyor 22 is radiographically
imaged in the state where the steel cord 16 buried in the moving handrail
15 is curved like a mountain in a front end portion where the moving handrail
15is foldedbackinalandingzone. Whenthesteel cordl9onthe rédiographic
image deteriorates, untwisted wires are displayed as wires 21 in Fig. 3.
Thus, the condition of the wires 21 can be observed easily at a determination
place 20.
{0031]
According to the embodiment, it is possible to image the moving

handrail 15 without touching the moving handrail 15. It is therefore
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handrail 15 fromthe passenger conveyor 22. That is, operations and
effects simlar to those in the aforenmentioned enbodi nrent can be
obtained. In addition, the procedure of installation and so on can be
made the sane. [0039] Further, the noving handr ai
deterioration diagnosing device A according to the enbodi mrent may be
i nst al | edPasEarLe tretBErvedy paringligesshoid ¢i e ig.ns4he 985 41980 cprvevor m
the diagnosis of deterioration. In this case, the formof the

det eri or atd on-udt AUNOFHAGERYIEANRSs L0 BE:sLNBRTE G ne JIOUEMEE i MMNAR L he
deterioration diagnosing device A can be attached to such a curved

part 15c, the X-ray source 1 can be received within the deck base of
t he novi g Hartfr 20 ofstReAs 8 £4TIFET - Xe LA S B Be L everitedaridirn
| eaki ng, and deterioration in the noving handrail 15 can be di agnosed

i N accor dare ey Wgtdd r IRGESS d w1k Ralibe SEONRURG -SRIV I £ 6r Rl tRASSLNGEL S.

[ 0040] The invention is not limted to the aforenentioned

enbodi nent, but nma &! clude various nodifications. For exanple, the
ﬁ%%l

af or enenti%5he e At THASSHSER RSB BT Hhst BPTEamBFE! yoTaTion
order to make it easy to understand the invention. The invention is
not al wayshzkt m7tedtta ememwts ehn hastakh thhmsatot ereptthon@dtion of the
constituents. [Reference Signs List] [0041] 1X-ray source
wires in detail. That is, a still image can be taken in a desired position
S50 as to observe the detericration condition further in detail.

[0032]

In the embodiment, the X-ray scurce 1 and the radiation receiving
portion 29 are disposed so that the summit part of the steel cord 1€ in
the curved part 15a can be irradiated, as described previcusly. In the

— sumnit part of the curved part 15a, the steel cord 16 is located in the
outermost layer. Therefore, whenthis position is cbserved, the steel cord
16 can be prevented from being superimposed and radiographically imaged
on another member. Thus, the diagnostic accuracy can be improved.

[0033]

In additicn, from such a point of view, it is preferable that the
X-ray source 1 and the radiation receiving portion 29 are set in the moving
handrail 15 in such a manner that the summit part of the steel cord 16 in

the curved part 15a can be observed.

[0034]

14



2scintillator 3camera 4X-ray direction for radiography 5slide

rai |l -including post 6hei ght changing portion 7vertical rotation shaft
8vertical rotation shaft fixing screw 9horizontal rotation shaft
fixing screw 10di stance changi ng portion

In addition, the moving handrail deterioration diagnesing device
Aaccording tothe inventionhas thedistance changingportion 10 for changing
the distance between the X-ray source 1 and the radiation receiving portieon
2%, sothat thedistancebetweentheX-ray source landtheradiationreceiving
poertion 29 can be adjusted in accordance with the shape of the curved part
1l5a by the distance changing portion 10. Therefore, when the distance
between the X~ray source 1 and the radiation receiving portion 29 i1s made
as small as possikble as described previously, a radiographic image can be
obtained with a small X-ray cutput. Thus, the risk of leakage of X-rays
to the cutside during diagnosis can be reduced. Even if the X-rays leak,
the influence of the X-rays cn the outside can be reduced on a large scale.
In additicn, the safety of a worker can be secured easily. Further, due

e tosuchaconfiguration, themoving handrail detericrationdiagnesingdevice
A can be applied easily to various forms of passenger conveyors.

[C035]

As described above, the moving handrail deterioration diagnosing
device A accerding to the embodiment irradiates the curved part 15a of the
moving handrail 15 of the passenger conveyor 22 with X~rays. Accordingly,
it is possible to take a radicgraphic image of the moving handrail 15, that
is, diagnose deterioration in the moving handrail 15 without removing the
moving handrail 15. Thus, the deterioration diagnosing device A including

the X~ray source 1 and the radiation receiving portion 29 can be installed
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1lix-ray control unit 12stopper-including caster 13video cable
l4per sonal conputer 15noving handrail 15acurved part 15bcurved part
15ccurved part 1l6steel cord buried in noving handrai

easily. Further, the layout can be adjusted so that the distance between
the X-ray source 1 and the radiation receiving portion 29 can be minimized
in an installation state in which the diagnosis of detericration can be
performed. Thus, the X-ray ocutput can be reduced, and the leakage amount
of X-rays can be suppressed.

[0036]

In addition, the moving handrail deterioration diagnosing device
A according to the embodiment takes a radicgraphic image in the state where
the steel cord 16 buried in the moving handrail 15 is curved during the
imaging with X-rays. Thus, untwisted wires produced by the deterioration
of the steel cord 16 can be cbserved accurately.

[0037]

—— Although an escalator has been described as a passenger conveyor
by way of example in the embodiment, the invention is not limited thereto,
but can be applied to a general passenger conveyor such as a moving walkway.

[0D38]

Although the moving handrail deterioration diagnosing device A
according to the embodiment is installed near the curved part 15a by way
of example so as to diagnose deteriocration in the moving handrail 15, the
moving handrail detericration diagnosing device A may be installed near
the curved part 15b shown in Fig. 4. Also in this configuration, accurate

deterioration diagnosis can be performed without removing the moving
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17hori zontal rotation shaft 18|l eakage X-ray shiel ding portion
19r adi ogr aphic i mage of steel cord 20determ nation place 21steel
cord wire [CLAIMS] [daim1]

handrail 15 from the passenger conveyor 22. That is, operations and effects

similar tc those in the aforementioned embodiment can be obtained. In

addition, the procedure of installation and so on can be made the same.

[0039]

Further, the moving handrail deterioraticn diagnosing device A

according to the embediment may be installed near the curved part 15¢ shown

in Fig. 4, 50 as to perform the diagnosis of deterioration. In this case,

the formof thedeteriorationdiagnosingdevice Ahastobechanged. However,

when the deterioration diagnosing device A can be attached to such a curved

part 15¢, the X-ray source 1 can be received within the deck bases of the

moving handrail 13. As a result, X-rays can be prevented from leaking,

and deterioration in the moving handrail 15 can be diagnosed in accordance

with necessity without stopping service for passengers.

[0040]

The invention is not limited to the aforementioned embodiment, but

may include various modifications. For example, the aforementioned

embodiment has been described in detail merely in order to make it easy

to understand the invention. The invention is not always limited to one

which has all the aforementioned constituents.

[Reference Signs List]

[0041]

1 X-ray scurce
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A nmovi ng handrail deterioration diagnosing device conprising:

a radiation emtting portion which emts radioactive rays to a noving
handrail of a passenger conveyor, the noving handrail noving in sync
Wi th steps noving with passengers standing thereon, a steel cord

being buried inside the noving handrail; and a radiation
recei vi ng porti%on whiséhntidéaisfes the radi oactive rays transmtted
t hrough the noving handrail; characterized in that: t he

radi ation emtt3i ng peehéen and the radiation receiving portion are

di sposed on one and the same surface side of the noving handrail so
that deterioration in the noving handrail can be di agnosed while a
curved part of ‘the ndvitg hETIEET I EFsTHHCIFE Ween the radiation
emtting portion and the radiation receiving portion. [C aim 2]
Anovi ng handraid det eti@f abi DAndi@QgRESHdrg devi ce according to Claim
1, characterized in that: the radiation emtting portion and
the radiation %eceiv%nglﬁprtion are i%gosed so that a sunmt part of
the steel cordfn th8ScUrvEF WarY %Can ' YBe irradiated. [O ai m 3]
Anovi ng handrail deterioration diagnosing device according to Caim

7 vertical rotation shaft
8 vertical rotation shaft fixing screw
g horizontal rotation shaft fixing screw
10 distance changing portion
11 x-ray control unit
12 stopper-including caster
13 video cable
— 14 personal computer
15 moving handrail
15a curved part
15b curved part
15¢ curved part
16 steel cord buried in moving handrail
17 horizontal rotation shaft
18 leakage X-ray shielding portion
19 radiographic image of steel cord
20 determination place
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1 or 2, further conprising: a di stance changi ng portion which
changes a distance between the radiation emtting portion and the
radi ati on receiving portion; characterized in that: t he

di stance between the radiation emtting portion and the radiation
receiving portion can be adjusted by the distance changing portion in
accordance witla shapeebfcorfe’icarved part. [C ai m 4]

novi ng handrail deterioration diagnosing nmethod conprising the step
of : di agnosi ng deterioration in a noving handrail of a
passenger conveyor, the noving handrail noving in sync with steps
nmovi ng wi th passengers standing thereon, a steel cord being buried

i nside the noving handrail; characterized in that: a novi ng
handrai| deterioration diagnosing device including a radiation
emtting portion which emts radioactive rays to the noving handrai
and a radiation receiving portion which receives the radioactive rays

transmtted through the noving handrail is used for diagnosing
deterioration in the noving handrail; and deterioration in
the nmoving handrail is diagnosed in a state where the radiation

emtting portion is disposed on one side of a curved part of the
novi ng handrail and the radiation receiving portion is disposed on
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the other side of the curved part on one and the sane surface side of
the noving handrail as the radiation emtting portion is disposed so
as to put the curved part between the radiation emtting portion and
the radiation receiving portion. [Cl aim5]

Anovi nghandr ai | det eri orati ondi agnosi ngnmet hodaccor di ngt o ai m 4,

char act er {Z€d“$:n t hat : the radiation emtting portion and the
radi ati on receiving portion are disposed so that a summt part of the
steel cor@aiafntihe curved part can be irradi ated.

A moving handrail deterioration diagnosing device comprising:

a radiation emitting portion which emits radioactive rays toamoving
handrail of a passenger conveyor, the moving handrail moving in sync with
steps moving with passengers standing therecn, a steel cord being buried
inside the moving handrail; and

a radiaticn receiving portion which receives the radiocactive rays
transmitted through the moving handrail; characterized in that:

the radiation emitting portion and the radiation receiving portion
are disposed on one and the same surface side of the moving handrail so
that detericration in the moving handrail can be diagnosad while a curved

e part of the moving handrail is put between the radiation emitting portion
and the radiation receiving portion.
[Claim 2]

Amovinghandrail detericrationdiagnosingdevice accordingtoClaim
1, characterized in that:

the radiation emitting pertion and the radiation receiving portion
are dispcsed so that a summit part of the steel cord in the curved part
can be irradiated.

[Claim 31

Amoving handrail deteriorationdiagnosingdevice accordingtoClaim
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1 or 2, further comprising:

a distance changing portion which changes a distance between the
radiation emitting portion and the radiation receiving portion;
characterized in that:

the distancebetweentheradiationemittingportionandthe radiation
receiving portion can be adjusted by the distance changing portion in
accordance with a shape of the curved part.

[Claim 4]
A moving handrail deterioration diagnosing method comprising the
step of:

diagnosingdetericrationinamoving handrail of a passenger conveyor,
themoving handrail moving in syncwith steps movingwith passengers standing
thereon, a steel cordbeing buried inside the moving handrail; characterized
in that:

a moving handrail detericration diagnosing device including a
radiation emitting portion which emits radiocactive rays to the moving
handrail and a radiation receiving portion which receives the radiocactive
rays transmitted through the moving handrail is used for diagnosing
deterioration in the moving handrail; and

detérioration in the moving handrail is diagnosed in a state where
the radiation emitting portion is disposed on one side of a curved part

of the moving handrail and the radiation receiving portien is disposed on
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the cother side of the curved part on cone and the same surface side of the

moving handrail as the radiation emitting portion is disposed so as to put

the curved part between the radiation emitting portion and the radiation

receiving portion.

[Claim 5]

Amoving handrail deterioraticndiagnosingmethod according toClaim

4, characterized in that:

the radiation emitting portion and the radiation receiving portion

are disposed so that a summit part of the steel cord in the curved part

can be irradiated.
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