- 1- : . 2150714 COATING APPARATUS The- present i nvention
relates o a coating apparatus, and nore particularly to a coating ¢
apparatus suitable for applying a coating conposition to the shell 5 (§§>
plating of 'ships during docking. Laid-Open UK Patent Application GB

‘2{;064;A\d|scloses a coating apparatus including Support nmeans
mounted_on a running truck horizontally novabl e al ong the surfa\crg]tcﬂobzl4

treated and whi ch supports an appli- 10 cator upwardly or downwardly
nmovably. The support nmeans is pivotal |y novabl e about a horizontal axis by
a device which is controlled by an S¥TENG APRARABB§ the appli- cator can

" be held somewhat at a constant di stance fromthe work surface which is

curved in the direction of height. 15 Wi | e being reciprocated between an

upper limt position andTFﬁLO§%$$P§Lﬁ& %ﬁ?ik%;ggla%gg ggﬁéiéégégh prays a

coatln? conposition onto coa wever ecause the
support neans Vi | #§L Kk W RGRAt | N
apparatus 20 gr: 5%%ng ségflaopgﬁ5%gln agg??cg?%?igf a constant. )
distance from té?ﬁt‘éﬁﬂ& goef a§§1YMI£ cﬂsmna; eboinpbeilt 16hkes 1S shell

difficulties in mai nt ai ni ng he constant distance at all tines between the
wor k surface anlddingapgl shapsr dudlodr daxicorf.i nuously noved upward -and

dawnward, thus failing to
Laid-Open UK Patent Appllcatlon GB 2110647A
P discloses a coating apparatus including supgort means
- which is mounted on a running truck horizantally movable
‘along the surface to be treated and which supports an appli-
10 . cator upwardly or downwardly movably. The support means
is pivotally mqvable about a.horizontal axis by a device
which is controlled by an operator, whereby-the appli-
cator can be heid somewhaﬁ at a-constaht distance from the
work surface which .is curved in the direction of height.

15 While being reciprocated between an upper limit position
and a lower limit position, the applicatar sprays a coating
composition onto the work surfaca-for coating.

However, because the support means mévihg device
is oéerated by the workef, the known'coating apparaﬁus
'; . 20 requires skill in holdingjthe apﬁlicator at a constant .
distance from the work surface, while even a skilled worker
has'difficulties-in'maintaining. the.cdnstant distance at
all times between the work surface and the applicator which

is contlnuously moved upward and downward, thus fafilng to



i -2- assure uniform coati ng. According to the present invention there is

prows | a coating apparatus conprising support neans; support noving
mea & or pivotally noving the support . neans about -a 5- :
hori zontal axis; an applicator holder upwardly and downwar dly movably
supported by the support neans; hol der €r2 ve neans for noving the. ;f-
applicator hol-der upward and downwar d; applicator means nounted on the~
. hol der and rﬂ%ﬁé‘t“&bl‘*@lzﬁﬂéﬂtca‘ihbwzont al axis by applicator pivoting -

; means; a pair of 3¢8o@ishanes %%ég‘&ﬁ’fﬁ%,ﬁtﬂ‘)@lﬂ&ﬁgr{ao ghgrgyw&?t

‘ means and positi.oned ab el o e ppl i cator

detecting tfe2tRE Sﬁgﬁrg}e/'t‘ﬁe‘e?f“p’f’rﬁl%ﬁ)pﬁ‘{%ﬁ%rt MPEA8SAnd SHRECREr RO¥LRE ace
t o be coat edveahisr sfoposi pi votabl ectaoni mearthef OI’slu(ﬂ@bQ'QtlﬁglaﬁBI cgbg?e of the
di st ance; det a s (o1 t plicat ol der. or v
appl i ca?or rrhgﬁlarjfglaqgggoﬁ ésosigljl ldet eécotq‘ r%%elrrd%gné“pfdo agiet aeei ?Iﬁ"'[“h‘e"gl
appl i cat or MAvEd F'-%F“&Bﬁ?g’é‘ét 01P3 nﬁ%s SURRSithGegaisgct hvédyradp;edemeams ned

" raised and |foeer advpagi t tRe; @W]d m(ﬁm Hm_@@g- cqgggg{igdt gg?boagtmgn‘é%{ﬁge
tion d neans_  an t 0 ce ectin

: P?\SI olrder %go?ﬁrrﬁ?g Limeans mounted °é1 z‘r‘? St a&#s?éheeahe?m%}é?l“’fﬁe

© appl i cator ieaigonhdlt aeisworiy sarpicsatdre pdnbtdhgneasanset esni pang,of n
reSF)O“SQOtOdtllgeaﬁbgnéétééf?mé NGaddd st ORI L 4ELRE! | DG PBADS exgl%cabnpne
of the distancge, tecting neans
appl i cat or nglll§loaﬁ§ PPV AR (BRE oséhe opprAndataer ebyobdemi nfpn he
support novidegecting tie pld/iﬁ'ﬁiric;é Bettvelet® THRPAPP1TBALST héané ESRONGSR Q\J :

det ection %bgﬂagﬁrfgégnlérg% coated; Ffirst p031t10n detecting means for

detectlng which one of the distance deuegtxnd means is LlOSE‘

.

153 'to the applicator holder or .the appl;uator means; second
position detecting means for detecting the applicator-holdef
or applicator means reaching seleclively a predetermined
raised and lowered position; and control means connected to
both of the position detecting means and to the distance
20 detecting means, in order to maintain a substantially
censtant distance between the applicator means and the work
~ surface, the control means determining, in response to the
signal from the fi:st position detecting means, which one of
" the distance detecting means which 1is closer to the
25 applicator means and activating the closer one and thereby U
causing the . support moving means to pivotally move the
support means in response to detection signals from the W
; closer one, the control means further being adapted to cause
:  the pivoting means to pivotally move ‘the applicator means »
30 upward upon the applicator means reaching a predetermined
.raised position in the upward mo#ement of . the applicator.
means and to cause the pivdting means to pivotally move the
appllcator means downward upon the applicator means reaching -
a predetermined lowered position in the downward movement of
35 the applicator means. .
Various features and advantages 6f the present

invention will be readily understood from the embodiments



]

cl oser ,one, ~ the control means further being adapted to cause the pivoting"

‘nmeans to pivotally nove the applicator neans 30 upward upon thex

applicator nmeans- reaching a predetermned raised position in the var d
novenent of the applicator neans and to cause:-the pivoting nmeans to

*Q%yot§+ly nmove the applicator neans.downward upon the applicator neans’
r

achtng a predeterm ned | owered positioh:jn~the downwar d novenent of 35

the applicator nmeans. Various features and advant ages of the

~present invention will be readily understood fromthe ermbodi nents -3- to

be described b&? d¥e \deseribedr brlew: Withreferrnnm ion§her AGFAER2NY FHGhi ch: -

‘Fig. | is an oyerall perspectiye view showing a coating apparatus enbodying
‘the invention; wingd) 1“PW%lE¥

d. 2 is a side el evation- showi ng support

~means included in the CQ%%&FQ-ggpgﬁagyéf§¥§ué§§§§é¥§¥§g &Qanﬁﬁgﬁiﬁ at or;

Fig. 3 is a front view sh ng the suppor plan®vi ew of

the support nmeanseatihg aggaratus eﬁggdﬁgnéstﬁbf{ﬂygnyyaggy enl arged vi ew of
ithe support neans; Fig. .

Is a view show ng the support nmeans as it is

~seen._in thg direction offig.n@ Yk- ¥l sifle feDevatidd Ghowing 8ufpogt afiedns

~illustrating the upward -

"included in the coating apparatus and provided with an
applicator;
Fig. 3 is a front_#iew showing the support meéns;
Fig. 4_is a-pl;n view of the-support means;
10 | o Fig. 5 is a fragmentary enlarged view of the
| support means;
| Fig. .6 is a view showing the support meané &s it
' is seen in the direction of line VI-VI in Fig. 2;
| Fig. 7 is a_diégfaﬁ fof illustrating the upwérd
15 or downward movement of the applicator;
. Fig. 8 is a diagram showing the control circuit
of the coating apparatus;
| Fig. 9 is a diagram showing operéting positions
of the ;pplicator; |
* 20 _ © Pig. 10 is a flow.chart showing a control process
| for coating opération: . '
Fig. 11 is a diagramhshowing coating qycles; and
Fig. 12 is a ffagmenta:y side elevation showing
 another embodiment of the invéntion.

25 : With_reference'to Eig. l} a.fruck 1l is adapted to



15 or_downward novement of the applicator; Fig. 8 is a diagram showi ng

‘the c ol'circuit of the coating apparatus; Fig. 9 is a diagram show ng

oper a positions of the applicator; 20 : Fig. 10 is a flow

chart “showi ng a control process for coating operation; Fig. 11 is a diagram
show ng coating cycles and Fig. 12 is a fragnentary side el evati on shomnngk/f
anot her. enbodi nent "of the invention. 251+ Wth reference to Fig.

1, atruck 1 is adapted to. - 4- run orlzontally alongside a hull in a -

-, dock over the entire length of the hull. by being guided by upper and | ower

rails 3 extendufgnsk98EnaflfeaMitldsidieofa haa1096ka dbEk reve thd rdidlirk i s

"~ provided with a crane 4. The crane 4 conprises 5 -a rotary support 5

. mount dd on anlepgeh pdHrtherhwil thye Heimek ghided byt appét cambdidwer \teritliscal
axis, a pivotal arm7 supported by the rotary support 5 and pivotally
movabl e about 3aekbending adleng 2 Bide wWpddadl PE thei deek- 6, Thehdrunndgdat abl e
plate 9 supported bX a horizontal arm8 which is held always 10 i'n a

horlzogfal Eo§FPF5n tbstPEPY*QﬁgeﬁﬁFQﬂa Fﬁén§|6otaF 3rﬁ¥§“et4m9?ﬂ3ﬁ¥§Q§ bei ng
‘ t at t t | Ul .t.r “
oot al e ol Beker healose! £ o Moge RN SO SEBRLJRL TTLELAT Gl

_the 1 and rotatable about a vertical axis, a plvotal arm 7

supported by the rotary support 5 and pivotally movable about )
a horizontal axis by a hydraullc cylinder 6, and a rotatable
plate 9 supported by a horizontal arm 8 which is held always

10 in a horizontal'position to the free end of thg pivotal arm
7, the plate 9 beiné rdtatable about a vertical axis.
Ultrasonic sensors 10 mounted on opposite ends of the rotatable
plate 9 are used for causing the plate 9 to follow the
horizontal curvé of the outer side surface of_the hull.

15 : - With refereﬁce'to Figs.-z to 8, support means 11
is mounted on the rotatable plate 9. .The_éupport means 1l |
Ehiefly comprises a_pair of pivotal rods 14 rotatably attached
by a horizontal pivot 13 to 6pposite sides of the-lower .\“)
end of a frame 12 fixedly mounted on the rotatable pléte 9,

20 a first support member 16 fotatably connected to the free
ends of the pivotal rods 14 by a horizontal pivot 15 and *
in the form of a channel member which is elongated generally
vertically, and}a second_suppoft ﬁemben 17 supported by the
first support mémber 16 movably-longitudinally thereof and

25 similarly in thé form of a chann&l member which is elongated



hori zontal- curve-of the outer side surface of the hull. 15 _ N
reference to'Figs. 2 to 8, support neans 11.is nounted on the rotatabl Vﬁr
plate 9. The support neans 11 chiefly conprises-a pair of pivotal rod
rotatably attached by a horizontal pivot 13 to aopposite sides of the |ower
end, of .a frame 12 fixedly nounted on the rotatable plate 9, 20 a first
support tenber 16 rotatably connected to &£he free ends of the pivotal rods
14 by a horizontal pivot 15 and in the formof a channel nenber which is
el ongated generally vertically, and a second support nenber. 17 supported
by the first sypperhlmgnbertidalmyably | ongitudinally thereof and 25
simlarly in the formof a channel nmenber which is el ongated general ly
vertically. Each of the Pachtef thalpimptad fiodsdly¢ peofixedlwntPprawidgsher
end wth a front bolt 18 and a rear bolt 19 which _extend away from_ each
other. Wen the&tf A&ft uBBeE “emdswith @ frant &eitnl8ughdad et R edd n a

“front. bracket 20 .at the ugper end of the frane 12, . w th an.uniJ l.ust.r ated
nut. screwed oﬂhﬂ'ﬁg‘ SﬁFF?HP ALy qr%ﬁearcgﬁ'ofixegan BgePeF%? ekt B0 to?‘magrdl y

i n¢clined iti,an., i ol i.d li i o t | 1. 19 -
is&i nsertgg’st hrl%ud'ﬁgggﬁgfie&?%&%’%}g Al(}&?fel #ﬁegaﬁﬁi)?aﬁggﬁtz_ a% t eihapéf)ter
end of the fra@%elggpﬂktQnéﬂofnéﬁélfﬁdﬁﬂ‘%&,U%Etﬁpﬁﬁmﬁﬂiﬂﬁuéiﬁaiéﬂtnﬁﬁhe

pivotal rod 14 can. be held in a rearwardly inclined position (shown in
phantom | i nes igtreweéd 2h. the bolt, the pivotal rod 14 can be retained in
| i a forwardly inclined position (showp in solid lines in Fig.
~ 5). When the rear bolt 19 is inserted through a hole formed
10 | in a rear bracket 21 at the upper end of the frame 12, with
an unillustréted nﬁt screwed on the bolt, the pivotal rod 14
can be held in a rearwardly inclined position (shown in
phantom lines in Fig. 5). |
A hydraulic cylinder 22 is provided between the
15 pivotal rod 14 and the first support'member 16. The first
support member.lﬁ is pivofally movable ﬁith the second
support member 17 by operating the hydraulic cylindér 22.
'__\v/ | A movable member 23 is ﬁroVided between the first
suppor£ member 16 ahd the second support member.l7 and has
20 engaging wheels_(such-as_spfockets?_24. First and second
s engaging rails 25, 26 are:attached to the opposed faces of
the support members 15, 16,.respectiVely. The engaging wheels
24 on the movable meﬁber 23 are in engagement with these

rails 25, 26. cOnnected'té opposite ends of the movable

25 member 23 are a first roller chain 29 .which is teeved around



A hydraulic cylinder 22 is provided between the 15 pivotal -rod 14 and the
first~support nenber 16. The first support nenber 16 is pivotally novable
mﬁté%%he second support nenber 17 by operating the hydraulie cytinder 22. A
nov e- menber 23 is provided between the first support nenber 16 and the-
'secqnd\support menber 17 and has 20 engagi ng wheel s (such as sprockets) - ©
24. First and second engaging rails 25, 2@ -are attached to the opposed
faces of the support menbers 15, 16, respectively. The engaglng wheel s 24

h bl h th | .
Connoct ot oSBERURTTE Shd bmaRE o URoPE2ELEe P L ENS EL25F (5t 1ol | er
chain 29 "m'gﬁ';r;é&?r{ el %Iarlcngqd sgcaﬁﬁr%fféé &F nz%zr%'ltc%gégn opposi te

ends of the Suppo nenbe a second For chain which is

reeved ar Ounﬁﬁé{?éé?cgf‘éﬁé% z%%msoeboss&eoﬁnéﬁp&élw%&%c%d +HPPOrt

menber 17 e second roller chain 32 is 5 connected also to an

appl i cat or hebéefid 3dupssrty imgnbarplli7cat ¥he 83codderSIec kdfaid8 3at ikhe | ower
end of the first support 16 is coupled through sprockets 35 to 38 and
chains 39, 4Gonmectéddrlad ito mm eppdichtredhobdenel¥ iqatrysimgpepplieabersl6. |
Accordingly when the notor 41 noves the_novabl e nenber 23 10 a di stance 2"

relative to BBe fTh%tSEﬁﬂﬂﬁﬂﬂ:Zﬁeﬁﬁeﬁh§618§e§e%%@|9ﬁF#Qf firsthsuwppeskd

support merber 17 moves ANGSATR dhetanee(shlo o e W g -

to a hydraulic motor 41 fixed to the first support member 16;
Accordingly when the ﬁotor-41 moves the movable member 23. k":
10 a distance { relative to.the first support mémber 16 as seen
in Fig. 7, the second support meﬁbér 17 moves thé same
distance £ in the same direction felétive to the mdvable
member 23, and at the same time, the holder 34, i.e., the
applicator 33 attached thereto, move“the.same distance 4
15 in the same direction relative to the secqnd support member
17. 1In other words, the applicators 33 move three tiﬁes the
distance of movement of the movable mgmber 23.
The holder 34 is movable along & pair of guide

rails 42 fixed to the second support member 17. The

4)

20 . applicators 33 (such as spray guns for a coating composition)’
are fixed to a horizontai rotary sﬁaft 45 supported by
beérings_44 on the holder 34. A first air cylinder 47 has
a piston rod 47a which ié'connected to the rotary shaft 45 by
a link 46. Fixed to the first air cylinder 47 is a second :

25 air cylinder 48 having a_piston rod 48a which extends in a




menber 23, and at. the sane tine, the holder 34, i.e., the applicator 33 _
attached thereto, nove the sane distance [err] 15 In the sane direction
"relative to the second support nenber 17. In other words, the appli c '
33 nove three tines the distance of ‘nmpvenent of the novabl e nmenber 23\_The
hgl der 34 i s novabl e along a pair of guide rails 42 fixed to the second -
support menber 17. The 20 applicators._ 3;~(such as spray guns for a
coating conp05|t|on ) are fixed to a hor i zont al rotary shaft 45 supported
by bearings 44 on the holder 34. "Afirst air cylinder 47 has a piston rod
47a which is cenReekednt Bpbbeitot@s yu%ﬁegltst%i R¥a2ahhik fhe §N&h tpdhe
first air cylinder 47 is a- second-25 ai.r cylinder 48 having a piston rod
48a which extemda is ZotataBiydésmuddtud appasbracket!t B9 Oh St KO 34,
The piston rod 48a is rotatably connected to a bracket 49 on the holder 34.
The appl i cat or ¥h@3appdigdtpred33 catre ddapigiit tbobehbroughtotedtineit rmilvoted
position when the piston rod 47a of the first air 5 cylinder 47 is
retracted, wit Iﬁ’epﬁé'aél E?Sht?-% whrn dihe Ristemorgdatiacef i bhierf s eraisnded.
Accordlngl | i nder 47 is_extended,

on rod 47a of the first c
the appli caﬁ or§ g’én b?eﬁeﬁﬁﬁ/%if Wik the; pdsFep Eeqi 48R AL thhe pi ston
rod 48a of theg gspfada&x' Pighadl A Qlalidead acfRYES,LIP, ARl GloTs 22

upwar d. Upper ower rasoni ¢ sensor-s
piston rod 47a of the first cylinder 47 is extended, the

KNJ | - applicators 33 are pivoted_dowﬁward, while thg retraction
' of the piston rod 48a of thé second cylinder 48 pivotally'
10 moves the appliéators 33 upward.
Upper and lower ultrasonlc sensors 50A, 50B for
| detectlng the dlstance from the side outer surface of the
hull (work surface to be coated) are attached to the upper
and lower ends of the second support member 17. Fﬁrther
15 as seen in Fig. 6, the first support member 16 is provided
with an input shaft 54 which is coupled through sprockets
51, 52 and a chain 53 t§ the hydréulic'motor.4l for moving
\_ | the movable member 23 upward 6r downward. The'sprocket 51
is driven by the motor 41 throﬁgh the spfocket§ 35, 36 and
20 chain 39. Mbuntéd on the midportion of the input shaft 54
n are a first cam pléte 56 for:actuating a first'iimit switch
55 for detecting tha; the applicators 33 are positioned
above the central positiﬁh.in the range of trével thereof,
and a sécond'éam plate 58 for-acfuating a second limit switch

25 57 for detecting that the épplicators'33 are below the'ceﬁtral



detecting the distance fromthe side outer surface of the hull (work

surface to be coated) are attached to the upper and | ower ends of the
secopehsupport nenber 17. Further 15 as seen in Fig. 6, the first support

16 is provided with an input .shaft 54 whjch i:s coupled through
sprogkéts 51, 52 and a chain 53 to the hydraulic notor 41 for noving the. :—Z"
novabl e menmber 23 upward or downward. The¥procket 51 is driven by the i
notor 41 through the sprockets 35, 36 and 20 chain 39. Munted on the.

m dportion of the.input _shaft 54 are.a féés-t cam Q:Ige 56 _for ctgati ng a
first limt SATEHFS G THEREE PREPFGT 1P ZPINTES: 8Ps©38 &P8 PbsHRS oned

above the cent A .-t r . :t.herao a . am
. plate 58 forqﬁ%ﬁhﬁ%@%gkaggeggﬁdH§F%€€ﬂ§ Q%F%Egé tl%?-?grg Stgg??ﬁ€§€ﬁ€?3%he
applicators 3g Ay ReleoWrbe1Cenbrébs. -8- position. A rotary encoder 59
- is mounted on one 'end of the input shaft 54 for detecting -the position of
the applicator 33 duri ag skeent iavPig! @y etHe sfiynaden frdmFtHe Ben&bessi gnal s
fromthe sensors 5 SOA, SOB, the limt switches 55, 57 and the encoder 59
are all f®d ti0k GO®,rihepliméssewitces FLPY7 @dd ther espodse 58 axeh s
signals, the CPU 60 controls the hydraulic cylinder 22, hydraulic notor 41,°
air cylinder 34 fiefd &or acgenhzal BBOSESS WM MNHMMHGEE)i 60chahfereFRePnsQl ves

o1 to B4, oot i, 20d Bh3% 8 A R L ALGRTROR} 1L Qe f oot

22, hydraulic motor 41, air cylinder 47 and air cylinder 48

via electromagnetic change-over valves 61 to 64, respectively,;‘J
10 and alsco coﬁtrols a éoéting composition feeder 65 for the

applicators 33.

With the coatiné apparatus of thé;above construc-

tion, the first support member 16, namely, the supporf méans

11, is controlled by fhe hYdraﬁlic cylinder 22 in'the follow-
15 ing manner. The first and second limit switches 55, 57 feed

signals to the CPU 60,.which éheckS'whetherlthe applicators

33 are positioned above or belcﬁ.the central position of

the path of traﬁel'thereof. For example w@en tﬁe applicators -~

33 are positioned above the central position, the distance

+

20 signal from the first sensor 50A islcompared with a preset
distance value. Eorlexaﬁple if:théy.are found to be away
from the hull side outer surface by too iarge a diStance,
a.signal is given to the electromagnetic change-over valve
61 of the cylinder.zz to bring the first sensor SbA, i.e.,

25 the applicators 33, to a position at the preset distanéé.



applicators 33. Wth fhe coating apparatus of the above construc- tion, the
first support nenber 16, nanely, the support means 11, is controlled by
hydraulic cylinder-22 in the follow 15 ing manner. - The first and sdgggé
limt switches 55, 57 feed signals.to.the CPU 60, which checks whether
éhg;icafors 33 are positioned above or bel ow the central position of the
path of..travel thereof. For exanple mhen'Tﬁé'appIicators 33 are positioned
above the central position, the distance 20 signal- fromthe first sensor
50A is conpared with a preset distance value. For exanple if they are
found to be awdfirdm dvet putryl busfaee puvharehy fthee soppbod hesme Bl dist ance,
a signal is given to the el ectromagnetic change-over valve 61 of the
cylinder 22 to ¥Sligedh&orrpst-sehfothemwrlicatorss33 ane ppplticnads 33,
'to a position q&x}hicpreget.gis%a£ge -9- fromthe guter surface, whereby
the support neans P8 FRcFPRBRTbroRESF SU-teRs  appFienebr s 22f fqurse
positioned too e I €Ly . lgnal is of coyrse
delivered to tk#éél\(/lz’%\ftg%‘fgf ngn%%% ilh?ngrfa?\n%&lflso%h?ﬂeagay %ﬁ"’ ?tlhﬁ:urt her
when the appl i eafiar.s %areherlQﬁéﬁe@h@eﬁlﬁifé&&%nbhahrﬁoﬂéée& Bdiwecond
sensor 50B functions to control the support nmeans in the sane nanner as

above. In this timy ceatzabspasitidhy o Setindlisehabeesbs pamdt fbiedJet ween
the applicators 33 and the side outer .surface of :
.~ control the support means in the same manner as above. 1In

_,1;) this wéy, a-substantially'constant distanée is maintained
e - between thé applicators 33 and the side outer_surface,éf
10 the hull over the entire péth of travel of the aéplicators..
This eliminates irregﬁlarities in the coating that could
~result from variations in.the sp:ayiﬁg distance. |
~ The pivotal movement of the applicators 33 is
controlled in the manner to be described below witﬁ reference
15 to Fig. 9. Along'the_path of upward-downward movement of
the applicators 33, rising liﬁit-position, spraying upper
limit pésition, upward pivoting position, central positioh,
A - downward pivoting position, spraying lower limit position

and lowering limit position are set for the applicators

)

20 from above downward in the 6rder'mentioned. Encoded values

. ~corresponding to these positions are storéd in a memory

‘of the CPU .60 as X1 to X7. Under the control'of.ﬁhe CPU 60,
a coating composition is.sprayed.from the applicators'33
'within.the range of X2 to Xs6. Bétweeh X1 and X3, thé

25 applicators 33 are direcﬁed upward within an upward aﬁgulér'



10 the hull over the entire path of travel of the applicaters.. This

elipFpadtes irregularities in the coating that could result fromvariations
in prayi ng di stance. The pivotal npvenent of the applicators 33 is

conyg led in the manner to be described beloww th-reference 15 to Fig.
9. (AI ong the path of upward-downward novenent of the applicators 33, - C‘d—"

- risiing limt position, spraying upper |+nPt-position, upward pivoting
.position, central position, downward pivoting position, spraying |ower
timt position and |lowering limt position are set_for the | icators 20
from above dowmggr ofi ASt AegereRr westedS EARGIEE  vERSRPRLIGESFSndi ng to
these positions are stored_in a nenory ,of the CPU. Q0 asui% to §¥1eggger t he
~ control of tHS &8 GdregtedatPyRy it G AOBYEEFa PR Tom THE -
~applicators 33 wthin the_range pof areBDELW 1 X3 mddee 25
applicators é gﬁgr&eféctgéeu%%%%‘f%%?%ﬁongggﬁrﬁp%rggggﬁgufgp&ggﬂ% range of
© 45 degrees. Bet i 08N & Ty PRI IHdtRir0us , 38nar 81 81 ¢ ST etk vEr,d
wi thin a down f%ﬁgﬁgéié?argnge %f 45 degrees. The applicat%%s 33 are
operated é¢n (4§ an®teb¥ompdlioldh Nfeddwr BAIr ankicoranhgly 4 IbetwmemiX2 s

cylinders 47, 5- 48 and the conposition feeder 65. Accordingly, between
X2 and X3, asankld3,aasbetlieasXBetweRX6fS tansl ESat thg coapbry t FURPISL LRy ed
fromthe appli _(:af;ors_'33 while they are bei n%f-iw\ﬂ%&eedtgg aL:'cetli:enfrf' The %
coating conpdsd tdepayied €remetheeapplicators ey g _
pivoted at all times. The coating composition is therefore -
applicable'uniformly over the.entire-coating range without
10 producing any coat of-inéte#sed thickness in the vicinity of
the rising upper limit position or the lowering limit position.
| Actﬁal coating sequen:e_will be described below
chiefly with reference to Figs. 9 and 10. When the start
butﬁon (not shown) is depressed,; an encoder value E
15 representing the position where tﬁe.applicato:s 33 are then
| located is.fed t§ the CPU 60 énd compared with X4. If the

‘ encolmder value E is greater than X4, i.e., if the applicators
o

are positioned-beiow the central position, an instruction

for lowering mode D is set in a register R in the CPU 60,
20 causing'the applicator 33 to start_lowering. - When the o ?
position of the applicators 33, i.e., the encofder value E,

is in the range of X2 to X6, a signal is given to the feeder |
65 to initiate application of the coating composition.
During the descent of the applicators 33, the encoder value

25 E matches X5, whereupon the CPU 60 feeds to the first air
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applicable unifornm.y over the entire coating range wi t hout 10 produ%géél)
~any coat of “increased thickness in the vicinity of the rising upper |
position or the lowering limt position. Actual coating sequence wll -be
descri bed bel ow chiefly with reference to Figs. .9 and;10. Wen the start.
‘hg&togi(not shown) is depréssed; an encoder value E 15 representing the .
pesition where the applicators 33 are the"chated is fed to the CPU 60 and
conpared with X4. If the enconder value E'i's greater than X4, i.e., if the
applicators are positioned below the central position, an instruction for

| oweri ng node Byilénder 4h a sigrali florRpivothng CElik 6ipp RikatagmuSidndowhaard.

applicataor 33 to start-lomerigg. - When the_position of the gfplicators 33,
i .e., the encorfBerapalicates|ddiare wdveiaddyoroyeddowprard frgmlthes gi ven

to the feeder 65 to initjate applicatjon of the cgating conposition. Durin
t he descent of“?H@gaﬁﬂ??%ﬁﬁcﬁ?g) ,e'thbe§nﬁgﬁe?n9%$%% ?éb“e EpﬁiFEﬁé§tR5, ’
wh th fegds_t is L -11- ' 7 ' I

Tor oot ng.t Fatehls £600% (Rdfind nteatbkion slidafils Ml 26,258 01011y

mpved downwar debb@att B 5 U schlinte Rast esstiw%bé&ﬁ}p.od%evabgﬁiE
thereafter matches X6, a coating intrruption sighal Is sent to the f eeder

65 to di sconti BaeotHe3s ofittl®aRiathi 0N théhtoR@Ping THELY Ho¥l tidht, haitheach
the lowering limt position, with a nmatch between the encoder: value E and
X7, wher eupon a match between the encoder : value E and X7, whereupon
S a stop signal is émitte& to discontinue the decent énd
~ dowﬁward’pivotal.mgvemenﬁ of the applicators 33. The mode
10 '.now changes to riéing mode_U, whefeupon the applicators 33
start to rise and are‘pivoted upward by the first air
cylinder 47 (althdugﬁzétill directed downward). When the
encoder value E becomes identical with XG; coating operation
is resumed. As the applicators 33 further riée, the encoder
15 'vélue E matches XS. The.applicators 33 afe returned to the _
usual coating posture and brought out of pivotal movement.
In this state, the applicators 33 rise to the position of
W, ' X3 while spraying the coméositioﬁ. At the position of x3,.
the CPU 60 emits a signal for operaﬁing the second cylinder
20 48, initiating the applicators 33 into upward pivotal move-

ment. At the position of xz; the coating oéeration is

i

discontinued, and at the position of X1, the applicators 33
stop rising'and moving pivotally upward. The applicators 33
thereafter start to descend.agéin in the same manner as

25 above for continual coating operation. While the applicators



a stop signal is emtted to discontinue the decent and downwar d pivotal
movepent of the applicators 33. The node 10 now changes to rising nmode U,
wher] gn the applicators 33 start to rise and are pivoted upward by the

firs{\#gfr cylinder 47 (although still directed:downward). Wen the encoder
- val u,eE becones identical with X6, coating operation is resuned. As the - 7w
appllcators 33 further rise, the.encoder 15 - value E matches X5. The . =

applicators 33 are returned to the usual '€oat i ng posture and brought out of-
pi votal movenent. In this state, the applicators 33 rise to the position of

X3 while sprayd rTgOY?lélmﬁﬁosﬁntq élﬁ’wnﬂﬁrfihénp’é%‘ﬂﬁ?%ﬁl% thee trpeked eni ts
' | f t th d 8, tiat th

2ppl Lot or s 30FTd oL LikRtinG, he SHgeare matos AL oh Wk EeRG8 8 2, the
coating oper §6£§'A&bé¥f§”ﬂﬂu %P%grlggqtgil he &EE%éd fy Eﬁ ' E $icators

applicators 3 op ri1sin novi ng prvot aIIyuwa The a icators 33
thereafter stgst ;spaﬁeéifee%n@gﬂﬂlba Eﬁeasﬁ%S?%hl% s seehoxa for

continual coating operation.  Wiile the applicators -12- 33 nove upward
and downwar d Fiig[ €Tl plsHaking foute spragkginéFig. 1) carryl ng the support
-means 11 on the crane 4 continuously noves horizontally. Accordingly the
applicators 33 spray t Bassginoesithieodishancei peagured hyrthes seasprsnld

- Fig. 11 (show ng four spray guns). Based on the distance neasured by the %
"sensors 10 (Fig. 1), the applicators 33 are caused to follow the curve

5}

of the outer surface of the hull longltudn.nally thereof by

the crane 4, whlch is controlled of course by the -CPU 60
10 or other control means connected to the CPU 60.
The support means 1l may be pivoted by a hydraullc
or electric stepping motor 70 as shown in Fig. 12.
v/

. '.'



Fig. |I), the applicators 33 are caused to follaw the curve of the outer
urface of the hull longitudinally thereof by the crane 4, which is

ontrol | ed of -course by the CPU 60 10 or other ﬂlﬂll}ﬁlﬂ“‘ﬂﬂlﬂ"’nec el t 0
he CPU 60. The support neans 11 may be pivoted b el g@ﬁc
$eppiAg motor 70 as shown in Fig. 12. _ ;13- CLATMS'1." " A’coating ~
Parat us conpri sing support. neans; support noving means for pivotally
ving the support neans -about a horizontal axi.s; an applicator hol der
_gpmardly and downwardly novably supported by the support neans; hol der
“drive nmeans 5 - for noving the appl ccaggs holder wupward and
downwar d; applicator neans nounted on the hol der and pivotable about a
horizontal axis byd aptimat erppagiatosi pgmpritabsg saeppart mfans Stauppert
detecting neans attached to the support neans and positioned above and
bel ow the @#ppirgatenns Moinjgrivoted lyonogéngcthag $uererSteerns bathaen a
the applicato peans and the work syrface-to.be coated;_ first position

detecting neaR@rEPntt dttity afhid@pldsator PRLdEFsrRyREIHE 2R idRFIHRRNY s
~¢lLoser to the. |icator . holder ,.or _the applicator- S;. second

;Esi tion.det e%?f%gf)’ﬁe%urps‘_’?rotre‘ﬁe%é’ctt'!hﬁg ?H@péﬁgp??%%?b_r g%f%eﬁﬁ d.sl v reans
applicatos Megps nd PRGN NtneCluagthiibehle SnBIHF! Cablfd rald chitihara;
i owered position; and control ans connected to bot of  the position
-QEteCting Meapsl ek d 0 ddhinthAt@@ on the holder and pivotable about a

R - horizontal axis by applicator pivoting means; ‘a pair of
AN _ . _ _ S
| : distance detecting means attached to the support means and

I

'positioned. above and:’below the applicatof' holder or
10 detecting the distance between. the applicator means and the
work éurfdée‘to be coatédﬁ First position detecting means for
detedting which one-of the distance detecting means 1s closer

to the applicétof holder - or the applicator means; second

position deteciing means for detecting the  applicator holder

P>
w0

or applicator means reaching selectively a predetermined
raised'andllowered posltion;' and conlrol wmeans connecﬂed Lo
AU both of the positioﬁ detectiﬁg means and to the distance
: detect;ng means, in order to maintain a lsubstantiallyl
: éonstant distance between the 'ap?licator means and the work
%3 ' 20 surface, the coﬁtrol means debérmining, in response to the
signél from the first position detecting means, which one of
the distance detecting means  which is closer to the
gpplicator méans and activating the closer one and thereby

causing the support moving means to pivotally move the




Hetecting “Weans, in Order-'td'}hainfafn | sub

fi.stance between the applicator means and the vvork ﬂ m EEntrol
|
[

- preans rmning, in response to the signal. from:

fet ect means, which one of the distance det ectl ng neans whi ch -

~floser\’¥o the applicator neans and asti#ating the closer one and N
hereby causi ng the support noving neans to pivotally nove the 14 b

_Bupport neanssuppert eepasse int oregpoasei oho s*iﬂgtm*slorf r vhavadsc| dsem Ghe,
_ [ he control neans further bei ngadapted to cause the pivoting nmeans to
bi votal |y mﬁﬂeosqrhéneapp|th@apeptﬁe&n§eamvamrm hm@samdﬁmfiorwrreange
- feaching a prgdeterm.ned 5 raised pos nin the_ upwar nmpvenment  of
e appl i car o RSO ITE BEa0R.58  ROVBHOBET ngREBNthS ARG T Benen e

popli cator meqng dpuaRlS RGN LG BRLLE Qe SPA PR Aot e rnined

pr edeterm ne ower e pOSI tron | ownwar ITDVEITEI’]

- peans.’ 105 2.p5j5ged gRAltiid% qapaQﬁEusuﬁﬁaPEf'ﬂ@%ﬁdéhé]Eﬂfn khﬁwﬁ$&&&ﬁakﬁ%

Jirst position detecting neans conprises cam plate and switch neans

pperatively aReddnd . theadakderher pyeo Edd Smedhs O | gitr ARIAVA oY edthe "
defined in aim1 wherein the second position detecting neans conprises?
_p rotary encogispl ikatoromelangd tHowhkeriolpen tle vepplkinstor!. meansAreaahiihg '
apparatus as defined in Caim1 wherein the support neans is attached
by a crane a exedalermigedr ydkwered position in the downward movement of”

]
-

o'y

the applicator-means.

10 2. A coating apparatus as defined in Claim I wherein the
i_ first position detecting means comprises cam plate and switch
means opératively coupled ktr. the holder drive means.
i
i 3. A coating apparatus as defined in Claim 1 wherein the
: second pésition detecting means comprises a rotary encoder
15 coupled to the holder drive means.
. 4. A coating apparatus as defined in Claim 1 wherein the Q;;

support means is attached by a crane to a running fruck

)

mdvably horizontally, _and the crane comprises a rotary -

-

support mounted on the running truck rotatably about a
20 vértical axis, a pivotal arm having one end supportgd by the
rotarf support fotatably about a horiZontal axis and
pivotally movable by cylinder means, a horizontal arm

connected at its one end to the other end of the pivotal afm




‘Jrovably _horizentally, ~ and the crane-- “conpri sEs A rurouy suppurt CoL T
nounted- on ~the running - truck rotatably abo axi s

pi votal arm having one end supported by the rot '"mlgﬂu)m [,'ll@gwt at@

ibout a horizontal axis and pivotally novab S

aw . hOrizontal armconnected at its oheggend to the ot her end of the
pivotal arm -15 - rotatably about a horizontal axis and held in a

hori zontal pasitaitablyt abauk ai ABSisostal r eissiflkind plhala cannachedikenthe -
ther end of the horizontal armrotatably about:a vertical axis and having
he support meeitionuatedalbetines and a&otata‘blceoqthang cappecaedstasthe
efined in Cdaim4 wherein the rotatable plate is provided at iits opposite
lends wi th anctther gadr off thei shantzonktakmimg ratedmdlivoabdutecei mgriheal

di stance between the rotatable plate and the work surface. 6. A coating
appar at us sulfStign@ng bpving fhecsypeerhdteans meunfied, therepdnce to, and as
fillustrated in Figures 1 to 11, or Figures 1 to 11 as nodified by Figure 12
of . the accorrpanyl ng draw ngs. ' -

f 5 5. A coating apparatus as defined in Clalm 4 wherein the

rotatable plate is provided at its opposite ends with another

(o

pair of distance detecting means for detecting the distance

between the rotatable plate and the work surface.

6. A coating apparatus substantially as described herein

10 uith reference. to, and as illustrated in Figures 1 to 11, or

' Figures 1 to 11 as modified by Figure 12 of the accompan&ing

drawings.




