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  ln order  te extend  the upplicah[e  x'ange  ilrom the para]le.l par'ts to ghe rmn-parallel  parts  of  hull
struetures,  the authors  hav'u cleveloped  a new  CAts'1 system  t'br the  at'c-- Ln,'eidiii.ff robot.

  Niihe.n autorriatie  arc-welding,  ls extendedi  to aEl the non-･para[lel  huiL p.fli'a wovkpieces  of  tiifferent
shapes,  the new  CA)v{ s.v･stem  is required  to respvnd  t'}exibly･ to the alteratlons  o]F preduction order,

shapes  an{l  the la.yi'ng' positions  of  related  workpieces,  -'ithoul/  taking  muct'i  time  fo'r programming.
  Satisfying these  neetls,  the foliowing' meuns  has been studied  Sor the. naw  svstem.

(1)'i'he new  ()AAil systein  supplies  a t.ftsk lc･ve] "'ekling  pr'og,rmn to t'he robot  controller,  ",hic:h

    simu}taneous].y  g'enerates cwery  robot  metion.  Censequentl",,, when  it beT/omes necesEsary  to alter

    the 1ayinff po3itions  of  s-'ovlcpiet/-e.s due to the change  uf  })roduci ien or'tiey, tlne }'obot  eun  reaut  freelv

    to the alterations,

<2)For saving  prog't'ammirig tiTne anf] for simpLifying  Lhe operatlop,  the .sysiem oE  a humttn interface

    with  an  interactive mode  i$ adopted  using  graphie  disp]ays. Operation i.Euides of  the sy, stem  and

    those  cemmands  for selection  ar'e beth shown  en  t]ie graph]e displayi.

(3) l"or sai,ing  time ancl avoidins,  ei'roi's,  the clata-baso  of  a.he huti strucim'es  is used  fnr programming.
(4) iGL mic]'fi  compute  i' is I) rovi  f] e.d  at  the controi  room  in the sub  as$embl),  shol'.･ for we]  diing, aitering'  and

    main ±aining  the welding  program. 
'[-he

 new  function enabies  the s.vstern  to veact  flexibly to the

    alteeations  of  design ailcl productien  order.

  It is estimated  lhat  utilization  of  the new  CA;VI /iysteni  reduces  pr'ogrumming  t,iTnft･ by 2.i3.

  Experimentaa calculations  on  the ecmiomy  nf  the ro}]ot  bast,d on  the actua/,1/ record  oi' programmlng
and  welding  time  hus confirme(i  that  it is possible te rnaintain  an  economi(r,ahtdvan'L,/tg'e  eveii  if app}ying
the robot  to ",orl{pieces  of  vat'ieus  shapes.

  
'Fhe

 arc-we]ding  robot  )Eor' hull su])-assemblles  can  be eS'fectiLrel/y  used  en  non  parullel part  of  huil
structures  by einploying  t}ie new  CAM  systern.

  This new  system  offers  .fual auLotnation  pot{,'ntial for ever}'  welding  activitl,, on  tl'je sLA}assen]bh,  }ine
of  hull structures,

1. gntroduction

  Nowadays,  keepin.o. Iabor power  is an

ivnportfint subject  on  manu'factur'ing  industries

in Japan. A ¢ cordingly,  the ship--bujldin.u

industry are  uiming  to innovate manufacturing

proeess{]s. They  are. proceeding'  mechanization

of  building proca'ss with  the developrnent of

    
*

 FacL]lty of  F,nginc,ering, Kyu.shu Kyorivsu Univcrsit.v･
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 Nagasal<i Shipyard and  Ens,inc YVorks, Mitsvbishi

     He[LL,y lndustries, Ltd,

  
"'"

 Nago.va  Mthchiner), Wnrks, Mit'subishi

      Httavy lndvstries, Ltd,

qualifieci faeilities. These ma),r assure  better
wDrking  circurr;starrces,  hig. her productivity of
welding  works  avd  imprc}ved qttalit>, of

prodiicts.

  Thcre  are  simple  shaped,  sub--assembly

workpiece･s  that have a  lot of  parallel welding

lines. The  multi--tt:,rched  maehines  ca"  weld

sueh  "iorkpieces  with  high productivity be-
cause  t.he torches  of  these  mRchines  run

parai]e]y nnd  weld  many  lines simultaneously.

  Acc/ordi･ng to thc nearest  annual  -rorking

rec:ord  ot' a tiuli sub--assembly  workshop,  sueh

tlie specialized  muchines  weld  70%  of  total
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we.ldins,  leng'Ll] 
i)
 . For the･ autoinat[on  oi

rtmaining  "･relding,  the are, -}velding vobots

should  weld  complc･x  shapecl  workpieees.  The

2,uthors  haiie developed arc  wa]ding  robots  for

hull sub  -assemb]ies. The robots  are  exccvting,

Lhe welding  "rorl<  en  the parallel part.

  () fl a  non--paraHel  parL  of  huLt cor]s'Lructions,

hovLJever, there  arc/  ini'ei'ior c.ofidltions  lor

allLoinatic  ",elding',  I'Ie]']cc' l/ tt is iiecessar.L  t'o

dex,tlop adclitiona].  fe.atures in erder  i',o ex.tend

iitid oi  u･pplicat.ions  oi' rebots  towurd  that

J)a.rts. That  is. time  t'or proggrEnuminsi, shouLd  be

redueu{l  niore  becnuse a  shape  o'f ever.x,

worl<piece  ls diffcrcni'., A}so, it i/s ditific/ Lrlt to set

levellcd pre･ducLion schcdule  in advttilcc.  

'I"hen,

lt. is nceessarv  to aclcfi more  srft':･cible  fL}ncLioi s･

bectLuse. the robo'ts  sh{)  t:dd ailo'w  cliange.  oi'

vv'c)r''L<ing sehedulc,,  ai]d,,'or shapo  o[ wor'l･<pieces.

   Bv thc  research  o,'// soli,,ing  mczhods  for t,h.ifs

proble]n, tht auLhory  develoT),,kl･ u  C.A ts･'1 s[gs.Gni

anc'1 
'//)ut

 it inLo' pracLi'ec:. The  systteni  calls  i'or

 ilemc･rieal  d.ata-he.se ef  h'L"1. constr･ uctions  f/or

 t't)duetion,  ol  pro/g=,u'flln'ius, cirn/o art(l prevcn',.i;ie･r)

 -f  prograniming.T erro;'s.  . 
'i'hL

 . .x s'tei'n ofrF-/rri rull

 autoniation  poteiltial/ for cy,ei'l,,' welding  a･cL'E,vi't/,･'

 o/] tht, /.tub-assernbli'  tincs' or lnLill structvve/./,

   
"i,'his

 paper descrjbes ads,'ai'!ccd .['estt,ives ol'

 t}ie systevn  aiid  itst ;.tpplic,"･.t.ioll records,

 2. Strasct.meffe "t' 
':eiu

 tt/AI'g systemn

 2.1 fftieka'-l
 sde'ax¢

'icas.ife

   The  aut'hosrs  have.  devt.loped thc

 ai'c- i･voldjng  robcts  iior  hull sub--assuvnbl/),

 vv'orks.. Th/t robots  cn.n  pet'fot'm "'elcling  wor'  1/"/s

 w･iLit  taslc luvel progran]s. !N.ls.n,  l.1/iu}i p.rox,l/clt/･

 fiexiblc fi.inctions to 'welcl stj'r'fenot/'fs wL/th

 L'ompiicatcd  arrangernent.

   These  robot.s  bring forL,h tht i'edv,c]'Lion  o.l

 !vclding  man-]iour  b,x T[] 9iJ). S[il]. Lhe robe･ts

 can  periorn'L econornical  g'ain c･nl:i at a 
'paral/lc".1/

 part  of  hull struetures.

    For thE fuli aut{}mation  of  the wftl{'Lin//2; works

 on  sub-asseinbly  i'ines, Lhc robots  shoul'ci

 ext:ncl  an  app'licabie  rtan,g'e  into non--para]lel

 pnrts  of  hull structures.  I{ov･'(,'vtll', ci'er},

 workpiece,  on  nori--paraila1  pari/'s hvs a  diffe-

 rent  sh.ape,  Then, a tttsk Leaeliing'  is neccssav'y

 i'or each  wor'kpiece.  Il oi' the econcmieal  i.ise of'

 Kouii rxlsLllyAM'A, >s'obuya .4KIIr'AMil

thcll'oboL on  
'L'hose

 parts, tin]e required  k'or task

teachingr should  l)e reduced  xnore.

  In the ship-buiVd'tng  indusLries, the revi-

sions  of cc)nstruction  schedules  and  clesign

changes  are  inevitable. 
'I]hus,

 flexl'1)ility of

production si,istc rns  is nccessar)i'.  LZ',ringing  a

'finished
 workptece  out  tht optrntional  space,

t/his piace is vaeariL  Ncxt  x･vorkpiece  oceupitti,s

zhis  vaczLi}t  olace.  Heu'e,ver, thc vacaiit  place             '

eannot  (ILc/ic]e previous' 1>,' bec,ause an  order  of

weldirig  w･orl<s  chans{es  so  often.  
'I'heu,

 the

syst'eni  shc)uld  be so  fle),jble that a w{)rkpjece

occiipy  a 
'fr{]c

 plaect.

 ill )- Cencrat.ion of. motions  by the robot  control-

   lers

   As, shov,,u  in I"lg. 1 Ca') aiid  [lb)). 
'L'herc

 art

t.vio lcv･cis of  ",eldin.v  pros,ram,s. One i's inet.ion

lei,c'] an{l  thc  ot"tier is 'task level. tv,Iotjon le.vul

progi'EimE,, g.]'ii,'e insLructiens o]hnotious  suelh  ass

 vath, sl)cc/-{1, att'itu cle, settings  ()f weldi'ng,  to  
'Lhte

 roboLL  controliicrs.  
FI･"nsk

 1/eire] p･:rograms gjve

 st.at{lirnc'M.s th tt  describe niotions  collectiscl},,

 rn this ease.  the  robot  t..'ontrellcrs  g,enernte e'ach

 ;･11ot'lon.

                 tt-tt.ttt..ttttt .t.tt-t-t-t-ttttnt-tmt-t"tmtttt""'ttUl
!t...I
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I:lIll
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 !l

      Ce) vautlofi level

         ir'ig. 1

  1"'or ship-'building

ing vv,orks; C.'i'XrL,t .
                     2
re･boLs  xLre  reportecl

at'e  in()tion  levei {.n

1ic･ad oi robot

ssisteiv',b, e.ach  mc)tion

progr'ams  ai'ft listed.

]Levelsoi'

      works

    systems
      1i･ 3

    order

e.ontroller.  s

      of

      Then

                   --"

    (b] Vusk leyet

weldill  g, pT'og'rams

     and  stt'el ilabrieat-
"
 for arc-"rc'idiv.g･i

)･O5){i31]
       , All thc,. sx,stems                 tt

   to reduce  process{T,'ig

      }n ense  of  these

 robots  is decided when

   ,
 sticft robots  cannot
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'I'he

 CA)v'/T Sysl.em for the

contain  worlcpieces' at a free position. Accor-
dingly, it is dj fficLilt for 1]he robots  using  niotion

level programs  to be esect  economically  fer t,he
welding  works  at the hul} sub--assembly  shop.

  CXontrarily, using  tas]s' level programs,  robot

control]ers  produee  eaeh  motion  whctn  the

controllers  exeeute  welding  progrrams. So, a

workpiece  eari occupy  a free. position in t/he
operational  spaee  of the robot.

  Also, task  lcNiel programs  describe whole

aspect  about  motions  o,f wc,lding  -Torl<s.  
'I'hen,

usin.",  task ]evel ones,  ",･cTlcling programs
become, shorter,  Al$o, pt'ograinmers  cari  list

pro.gTram withln  shurt  period of  tirrve.

  Theirefore, the aut}';ors  hai,i] developecl the

CApt'I syst'em  of  task  level ne'wly,

(2)Conversational inocle  ancl  use  of  clata･-bnse.

  To  reciuce  pro{..iramming ti/n'ie nierc  and  to
avoid  program  ei'rors,  the authors  have
developed u compzitet"  aidecl  s>,steni  "rith

conversational  niocle. As operat;,ons  t-}.re

gvapliieal ",orks,  hunian ini/erfaces oi' :he

system  are. ttraphic ciispla,y te' rminals.  Also, for

e･asy  ope.rations,  the system  shows  guidaiice  of

opei'ation aiid  seleetion  mei',u  conversationally

on  the display planes.

  "J' eldins,  programs  inelude large numbers  ol'

numerieal  data about  shapes  o]" hull const]'Lic-

tions. Fortunately, tho shipyarcl  to equip  robots

is applying  data -base  abot]t  shapes  o'f lutll
construetion.  fA. s'."stem  nafned  Ship's IIul]
tnformation }'r'ocessing Systeni CSHII' sys,t.em)

proees'ses the. clata-base?').  iXiso, at the p/t'e-
ceclecl prograTnniing zz,"rks  for gas  cuttillg

                              Tabie ].

              netion  IIi

Are-weldine.s  Robot I'or' Hull Sub-asseTTi})lies 197

operati()n$,  progt'ammers  check  errors  of the

clata, Then, the u:,･e of  the  data-base avoids

numevical  errors  of  the  welding  prograni.

(3)i')istrib'Lite{/1 iLu',ctions
  In eases  of  no  rei,'ision  ()f works,  on-line

s},stems  arc  most  eSrf{cient  1}eeause the systems

can  eolloctivel.x,, opei'ate  man>,  functions. If
there  ai'c/ man.y  r(yv'/isiens, an  on-line  system  is
not  siiitable  bec:ause it requires  complex

operations  for revigiens.  fii the ship-building

industry, revSsioii.'s of  woi'ks  are  inevitablu,
Then, the CA}vf s'･,stem  furnishes distributed
jUlle'LIOI'IS.

  T])e svstem  eon'ii)riscs hav(h-,arc as  shown  in
}/"ig. 2, iNlso  it c:on's 

,E)rises
 soft.ware  as  $hown  in

Table  1, IBM  308'l i$ in wide  use  as  
c",

 main

h'arue. L'vmputc'r  ior all the shiv)yiird.  This
computc,}r  prodiuea･:･;･ shapes  o'ff the hL.tll parts and
ii)nnnges  the data base, super  mini-eoinputer

crf C.OSivI(') 80C), is gsed  exc]usive}y  for the SIIIP

       5-s tsfllo 
'
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lg8 
'rasuk.u

 \osurrolii, 
'rakashi

 los"iiTi/

s'st/em.  Tbe grapl',ic d{spla),,s act  a.L tlu

teri'ninals of  this computer  and  are usc/d  fer

I,.)rOg,I'EIII]Tlli]1/,..,i.

   The. systum  provides  tu)erson'il  computer  ELL

n sub--  assc-,.rnbly shep.  
'i
 nis  c.nn',piit/cr can

irick/pc:nclently rLm  and  
'pei'form

 cdjtings,

i'civ･isiorjs,  'naintenanc)  
'.
 ;in(1  I'Elf: marlie,gcmcnt  ot

"'alding  programs.  I't;oc.ivin:.,I prof.ir'u'ns

i.hrough  n. ctoinmuni:k'tic)ll  lkw, this eonu'>uts:r

also  pla).,s'. Lhe role.  of  a tt?rmiri;.L] o.f thc' supcr

mini-computer.  
'].'hc/

 pers',)nal compLiter  re-

ceives  "relci.jrig.) pros,i'ai,ns. wl  h this niocl.c･. i'Vso

:/t 
',"'itcs

 thL,iii. to  l)gbblc/ .iieiiio･t'> e/･t/s/geLtL/-i

v,,hi{/h  are  Lhc mtdla  
"oL'

 a/hc' v'ol/ot,  conti'ell/c.'i',

   1'h-e fc,H()wing sl.)ecK'itv' f{/f.iures ",cru  de-

K,'lopccl  
'for

 T.he  are-"･e,ld;y,tg.t' rol..･ot io',･' hi'111

;･;･
 '.iej  --ass(/ :,v. b1 ' 'v,･,' o:' l( s 

'
 
"
 .

  11,' 
"Iil':e

 robc)t  is i/lurnt/sbc'{l ',,vi,/,h  t,;),sl{ lu'vL]i
                                                  '
      roboi  lansig"g,e ;' h,d  y.)ro(b.iL'c'.':s "ach  rnoke/',,,

  1.?.) The  roboL'  is 1,'ttr.ni,s'it･ud･[ 
'
 
'iih

 
'kin.''L.ic･n,s

      t;L'usiii,?' 
'I.]･oLA

 c-,cls  ol/' t,vc"iii]:f?,'
 li//"es, a d/

      cle･es･ 1/)o･xi:,}.ftt weld  tLt et'ic'b (].li{1.

  1.li.) Locations of ",()i'k)1.,./-tL-s {k) i!o･L h.'i". 2

      t ffcct on  vv'eiclirui  lnrog.r"ns. So, Lir 1'obol/s

      ;,ll ;ly  c'.!Lh''ily rtm  ,:1etl  j[1 set///'t /ilE,' positiol.,s ,,)."1

      vit,orks  :nre. 3//Lc'ro{L

   
'lanclliiig,'

 faci1'lt'ic/,-' !'i.t :.u/;omnu]d  proinctie,u

 llncs tLre g's.t'/ncrt/LI]/)' cc)t;.c.y''s.  JToi,,i'c"'c'r, e,,ys-

 l'.eins using  coi-,eJ'f.i's 1iael< u f'lt.xi}}ili'1.y i,",i'

 1'eN'isiolls  of  1)1'odLlet.il}l'l oi'd･c.,'.

   In i'he su'v-as'sex/iblv  /hoD.  workple'cc/s  :,rt]

 he ridlcd  wtth  crznes  iri erd"v  to･ ]<c.'cl) ilexibi･Iit.)r

 for a]  trajons  oi' proclucLioii e/  tt'iei'. I-landlb'i.,o.,'

 nL{)u.l'/,s l'/)r'irlgiil.El t･t [i L is]/le(:i 
'vl'ol'l{.

 l;i()c/c ol'F [･ c)C tl/.N)

 [)i/}eraL'ion  ,.1 art.a･ ,,)r  i.h･e /r'ol)c･L･ m'd  
'//arr},in,.

 a

 !IC",  OllC,. Il) (.1![/i'().

   If a  crnnc  eari  hai'tc]It- n  w'oi'/1<l'/,Iect tr･ 
''i/Ic'

 a

 robot'  ls wc'idillg' 
'anoth(tr

 on.c. it ls t/</ononiical

 wa,-i', 
'I'hei'c':orc,

 t/h(' area  :/i' 1･;.C.;.(} nL .y. ･'1.,(5 ,i'i

 w･ 1]i,:h thi., i'obot.  co's, [.'rs is siiifici{)Titly oiioug,ili, tt)

 :/)uL/, Lx･ftif) or  moi'e  wot'kp'ieces'  
'itt

 thc,' s,aniu Liu),cL

   Compartwl w",h  convc>,,ci'  s} stcnis' , tihe hand-

 ii･iig s.ystcm  
'",,ith

 cranc/s  c,1,u.nar,ds grc't/Lten'

 labor--hours bLiu givL' ixort  i']e/'<ihilit-.' for 'Lii.u

 rc/visions.  Thell, the s.vster"  coni'orins  l.o t.hc'.

 hull s't.ib- assE'.mblv  wori'<.$.

Jl,X. Kouji Nismy,ui,i, Nobiiy. Av<iv"m

2.2 VlreEdi.ng gerograifcrR

 ( 1. ) Le v･ c ls of r() hot lan gua  ... es

   Oti we]ding  works  at z hull sub-  assembiy

s. hop, it is neeossary,  to alter  weldin.ff, programs

at  Lhe roboz'  site  heeause manv  i'eL,isions  o'f

desis}'ns orten  require  i.uune.din'te altcrat[ons  el'

Lb.e prog.'rams, Therafore, progi'!trns of' the

robots  should  be so  eas.N,, thnt opci'at/ors  can

 ,asilsi rev,ise  them  iiL tlie sit'e  of' robot.

   Robot. Ianguages are  thc mosL  suitable  [.,t.v,le

ei' preg'rnnis 
'for

 t,he i"{)I)ots  v･iit;'i highc/]' lcvftl

intc]1'igc-nL'e. 
'Fhcn

 a  robot  1fim,ttuakr{} is Lo be

a{'l,opt{,cl 1.o huinELn im(.rfacc foir t.his roboL

   
'r'kea"c

 ar(/. various  ]evels of dc･script.ion for

robot  lagiguagcs. Thc･ io"iesL lu'cl :orresponds
'to

 
'L/'･v'o

 c{mt'i'ol 1/eve]. I{ightr 1･ vel  laii,c,vuagt,.s

 j,nstr,.icc iobs inclusivt]y E'lere, the author's

 /-i'iudy ie{Icis about  pra3.ticai appti.cations  of/

 1-o.hot. Iull,?utlslk,s.

   ,?' ps lnch strial  Re'bot ,i!ssocia'Lk･')J') issi]ee/ a

 stun,il･at'{i･ or' tL rol/oi. 1'niiftua.ge l',n IN･ia:,, l9g9.

 
'L'hi/s

 lai g.uugc ls vpol.ien  Ic/xiel i.o {le･sci.ibe c ich,

 m･ction  of' r･ obcLs.  
'i.t

 incEucles jiis'rv,ct/iogs go,r

 nuarxical  c/alcul･at/i,oi]s  Etncl secv',c･'i'Lial･ co"i-

 mancls.  T.hcr-'i, it rrLa).' usuailxy  
'i'uNilIi

 functlons

 wh'tcl', ;.n'c' iequired/  no"･  oi' in the. nea-y' ful.are"'),

    Aiso, languages for pi'actical a･'pp]ital.'ions of/

 robo"L.s 'Lo  shiv-biLlldki.v  indusLr.i' and  oL'lvtr

 i･r//.ciLisLrics ttre  g,ll m.c･tion  lcx'cl･ muc.h  t/he sarni.

 as  ttb, c' stan(1an'd  of  tifie AssoeiatioiZ//i 
:i''L)5'Y)

 
iO"

 1111?1)

   Tl.c'. controller  of  tll- l/s robot  shoulcl' produtte

 lnstrn,:ti'ons of  c･f;Leh iiiot'i.on t/o i.,c･ .Ctlexibl,e to

 
'.v{sien.s

 of  vtror'ks, 
"ilso.

 it is neces.sar),J  
+to

 l'eclo.L',.1 :Lmouatl,･/ oi  [)r'(}gl'ams 
'fol'

 .w, [)d'Llctl,c)n ole

 pro//y,rnvnm,lng tirne. ],,lot']oT} leN,c.l lan,.llag{'s,

 cu,n/not  .//ujfi11 siic･h requirtmc  i'Ls, Th..'n, u  t,.Lsik'

 levtt,I iang,uage whic'n  desci'ibet. Lhe 
's,vholo

 aspect,fs  of  n'Lot'ion should  bt put 
'lnte

 
'Lhc

 cont' re// lcr.

  (2)Task･ Ievel progranis

    ]]}y llmitalion of  applic,at.ions  tasl". Ic-',,e]

 Lang.i.iagc can  bct practiciL. 
'}'hf.'.

 au'thers  1'iave

 developed task  level robot  lai'i g'uage ]CLoi' t.1i･e hull

 sub-a･s/seTnbly  "rorks,  
'x,N;'e

 t,ake. note  oi  a

 siniiiarity  about  forni of v'orl(pieces  aad

 "'gldiTi,g vL,orks  as  n}entioned  
bF.lov,,.

   !) Vs･'eb-plates lie borizentall.v･ 
x",ith

 stjffen-
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                The CArvT System for the Arc-welc{ing

    ers  etc. bc/ing put' vertically  on  thern.

 2) 
'I"here

 is open  space  a"oov(,li the "rorkpiec:es,
  '
 3) There is a moduie  ef  l'rame spacc,

 4) Shupes  of welcling  lincs are  eombinations

    of  straigltt  liries 
'mcl

 cii'cidar  arcs  on

    horizontal planes or  N,･c.'rtieal Iinas.

 5' ) Type  ot' ",elc{ings  is fillet ",elcl.

  The task L/c.vel languages aye applicable  to

the non-parallel  parts because these particu-
lart; are  common.  "Jelding p. rogratns  .given to

the robets  are  describcd bv thct t.aslc level                           "
lallg'Liage. ",'elciin..: progrran]s conipriscts  sex,c,n                                         '
kinds ol  components.  The  coinponents  cn,rei3)i

  '
 1.;: The  d finitions of t.he value  on  the

    coerdinates  eoneei'nin,[t' the both cnci

    points  of  weidSng  liness,
  '

 2J X'he defiuitions of the  thre.e  reference

    points, which  are  used  to clefine  tlte

    y'orkplece  locattion,

 3) Tlx  sl.atenient  to qwote  the pros,t'um {:allcd

    M'ACRO,  "rhicln. {/letects  the worlcpiece

    pos[Ilon,
 4), T]lt insl.yuction of the divutt teacliingr v,i'

    tha path 
'L'o

 detect n workpieee,

 5) Tthc order  ot' eoordini'Lt'e transforni:nti{,}n

    and  its stop  order,

 6) Thc sub-prograi-  namc'  appoipl/ing  tlie

    t], pe ef  welding',  
{t'1'ie

 poi"t  marl<  of  the bet'.]i

    ends  anc], the inclex showlng  the b.,pe of

    t(rrminal weldirig,

 7) 1'h. nanie  of  
'welding

 pros.rain aiicl Lbe

    statem  e. nts  of  startt and  {ind  of  the prograin.

(3)Instructions of  motiolls

  
iv]Lrhcn

 the rebots  wcld  workpiaces,  l/he.v 'lleccl

instructioi]s of  n'iotion, The 1/nstruetions are/

 l) Type or motions  ind  th(:ir sequencc}s,

 ?) Controls to 1<eep oach  jeint NsJiitiin 
'/ts

    op. erational  range,

 3) 
'E,･"aluus

 on  the coordinates  of the pa'ilt
       '
    POIIItS,
 ,/1)  Conditions on  tht  mGtions,  st]eh  as  bpeed

    2md  at.titudc

 tt}) XaJelding c.onditions  such  as  the "'elding

    current,  the welding  vo[ta,.cr.a, i.he waaving

    pattern  a}id  thc arc--･sen$ing  par, ameters,

 6) Control oi  programs  to subdivide  t.he type

    of welciing.  xvorks  or  to treat abnonanal

    conditions.

  Robot for IIu}i Sui,--asse'mblies 199

  As  ai'i example,  die w･ork  to carT'}r out  single

path of  a horizontal fillet welding  eoTn  prises 24

scgme.nts  of  11･ne rnoLiorts  includii'tg' sensing,.

motion  to deteet a  ･'tart  pojni. Then, the robot

nec'([/s l. L-')'O or  rnore  instructions eoncerningthe

positions, t]ie avt'it'ut.ies, the speeds,  the welding
Clll"r'C･11tS, ()tC･･

  The motioi'i  icvc': program  t'c) p]'oduee such

motions  fincl t'heir conditions  comprises  about

1 20 linesi). Also, {1 e instruct.ions to be used  to
't/he

 prograni  comp''ise  dozerts of such  kinds.

  The  welding  prv"/ram  of  task lexJei produces

onl>,  6 iterns of  i] 'truc/'tions, Those  items are

t,he t,>,pc, ofwo,]clii'ig' .iines, tl'ic/･ posi'tions ancl  type

of  wdding  at cach  cncl, gtlso the side  t.o be

w'eldod.  Thcre:'ore, to coi"'c,,rt the task  level

pros,rari} to 1/he. inst.ructions f/or the robot

nLotions,  okrcr  11 C} 'Ltenis/
 oi instruetions

ren]u'intng'  shoLild  be  additionally  produeed.
  The  "'eldins.g ",orks,  fo]' the hull
sut)---assa-nblir  cao  be st,andardized  into -'1            "
t.v,,pev,. Tbe$e  art'i ti L',, horizon±al fMet  weld  of  

'cL

sd.rai,v,ht lino., the }v/,riz'ontal fillet xL'eld includ-
1/ng,g a clretilar  arc,  

'Lh
 vertieal  fillet ",e]cl, and

t'he detection c･.l R'ic workpiece  positioii.
('l)Ccneration of  lns,tructions

  In order  to t)pctratc  robots  easily  cven  if
setting  vositions  e･f v,/orks  are  altered,  Lhc

utithors  have c{evel,oped  foliowing methodsi3),

 1) For ea/'h  iype  o'f welding,  it is posstble t.o

    unit'.y t"ncr moti'ons  and  their seguence$  into

    one  rontinc-,, Tbc. ci etaile(1  paths  at the  ends

    trf t."x} hot'iz{) itral t'illet xsrelding  can  be

    stant'lar･ dized 1ffLto ･'i t.},pEs, Aecording  to

    these  stanclard.ization,  a  progrEun for each

    type we]dinf.;/ beeornes lin icle"tical

    arrangem(  nt  t}f instructions.
  '

 2) t'Xll points ei} a path can  be the sam(.

    positions relai.ive  to the Nvelcling  line as  far

    as  welding  type  iii f.he saine,  So, 'm
 order  to

    dcfine each  passing .point with  same

    description, 'lbe.
 oi'igin of  the coordinate

    s'ystem  put'b' oi) the start  cf the w･ elding  line

    or  the. enci  of  it, Also, one  coordinate  axis

    i･s taken  alen,f,  the  welding  Ene while  the

    ot'her  js t,akeTi perl)endicularly.

 3) In order  to :lescribe  welding  program
    inclepeiidently to location of  workpieces,
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    the system  provides  various  meai]s  to

    c,xpress  positions. Thc means  conit)t'ise

    dciinitions of  positions  buscd on  t.hrcc

    kinds of  coordinate  s.,vsten}, ge()ni{tricEtE

    calculaLion  packages  and  caleulation  pae  lt-

    att,'cs for coordinates  transt'ot'makon,

 .'1-)  A  wei'ker  can  clete(rt tt l.a}'Uis.T positioi) ()f 
'ci

    uiorkpiece  basea' oT] a･ custc)mized  n]eLhc}cl.

    The met,hod  cornprisus  t/eaching four

     points  cltrectly  on  the deteeting padis. ai]c{

     deterinining the oth ¢ r pnssing poin'is

     autoLnaLIcallv  f.L'oni t'hcst feur poinLs,

 tt)) In order  te  :wL' hig,her operuting  spaed,  th{)

     ELuthors  t'.xccLik'd i'finny  i.ri,nl opurz'ttioos,.

     
'Ihese

 werci  tria]s on  tiie 
'Liiel

 o:/ teo,  I'ng

     speed,  torch's al.a.itude, wcl[ling  condt'r'1{n,

     etc.  The sub-progrnms  incli.idu seE(.eted

     conditions  vxhich  xvpte  d/czLLe-nj]]e/1 hLv

     these  trlals.

 6) 
'I]o

 ()p' cratL. /t.he rohot  cc)nti,nuousl,,} it is

     neeessarv  to hold e.'L,cti'y i･olnt o'f tl,ie robot.

     within  it.s opei'ating  angle.  If a //)rogrfm].

     dcJ[ines n  posltiei  of  
'a
 i.orL'h and  i[s

     a[/ttizudiv', rueT'st/  lcincmatic:s bor robots

     give  so,lul.ions oi' angles  aJi. joints. I'or L..h.e

     rnt,ehanism  (.,1" t.his' robot,  Lvy,o  solutieiis

     {}xl/s'.' 1'or oyK-/ positl'on  c//. the tt)i'cl'i. The

     f.Ldoptable  se,lutiog,  to opc'rntc  cont'lnuoiisl>,

     is one  of  thest  Lwc),. Il{llice, the vllthors

     hai,,e devclopecl a,igoritbrns  t.o scl{x/tt tl)･e

     adoptable  solttti'on. Thc  s.1igorithms  t/ye.

     ",ritten  using  ealc.  ti1.".tioii pack:nges in Llict

     sub  progruii]s.
(11 K, .) pt,{ ,･x. 

,e"R
 o

   Thc  ]'nstructions  i･,fiJ control  and  (.v.ecv'tt

rnoLions  are  orf.ronized  into i.hc svbprL)girE  ins

ezUed  
"N,/1.tt-CR()'',

 i'LL n'n, i,que ui'ne  is givcn 1,.o

c,ach  DL,fiiX.CRO. Th( t'ol)ot co.r}trt)ller b.fLg tbc

rk･'I,i'ICROs in its st'o,rage  ]nc/rn･or),,.

   To r{,'duee  tb.e toi/ul quant'1'tiy, thc XI. ,A,(ll//･ttVs

ar(/ to be of  hieratch}, {xm.sLructiord  s-  ai

eommon  p)ortion:,, to I･)e usecl  joiiitly. Thc  ivLtt'Ll

auai]titv  of t/ho }.,1'',i}VIJROs, cc･r],$isi/s of  
'c.tbou'

 ./1 7･ (} t -
1.li.nes.

   //'"or' an  opei'ator  to clcal c/asil.x, 
'",it/'h

 t"fto

wc]ding  pro.c.franis in qiioting the ),'IAC')RO, Llie

 authors  dc.ve!opc'd t.lic linl<in s, functioii, 
it,]Ni

 b･,f n u

 name  of  the }v'I/ .,'X.(J I<O is gj v･ cn  te a coritroU  c/ t'. 
'i/h(]

 Kouji N'fsilly,･N.Nl,･x, Nobuy･A AK'"'Kit･1,･x

controllc)r  finds it ilrom its storage  meinor.v･,

Then, tlie eont.rollcr  links the MiNCRO  anto･

niaticLtll.y to t.L inain  prograin.

  The  }t'I,A,CROs also  eall walcling  conditions

together  with  their  arguments,  The  eonclitions

cou]prise  tiru/ positions of  the weldiiig  lines, th･u

i.yl)es of' welding.  at  their ends  ete,

(6)}LIotion l･eve] languag,'e

  la,'hen a progranimer  applies  the  task  ]evel

Eang'uage to a  iicw  type otC worl<pie.ces,  gt is

ne{:c-ssaj'y  to iinprove or  illodii"/.' the 'functions of

thc  langvagc. .･iE.s operators  ol' the. robot  should

easiiv  amencl  thc' la"guag,pte, the bv,lt'ICROs are

c'lcscrlbcd  ii'] t,he motioll  }",e]. Iav]g.aias.e.

   Tho  ]noLio'n  lcvel lans,uagci iiicluclcs 102

kinc!g crf 1' ristrttctions.  Thay  are. Iistcd in Tabl(.

2. The  Iimf,ruage should  describe the alg.oi'ithms

to producc  eae]i  Tnct.ion. It has the  clistinctjve

re' r,G.uL'c. as' t''oilow･ s,,

  l/.) 
'v'

 
'"

 

'L'
 oi  the 

"'
 arc/

Ll 
')･

l.)

･1)

 .p,c'  clull]tLlolls  p'oslLlons
separated  frovri thc) instruetions of  t.ha

i･ttiotioris.  I`L is nc/eessar.,/･'  
'Le

 -se  the

statenients  corrirrien to "iel/dkig･ lines ()f

sa]r;c Lype  even  if 'chere

 are  differe'nces ln

positjon$,  dirccLions {}r lcngths. 
'Fhtt

c.orlilit,ions t/o be instrueted 
'i/o

 t,hc robot  af'e

cjc/seribed  in the forni oi s},stem  vari/ables.

Also, sepnrutc.  instructions gix,e the v･ alLies

o･t' these v;ariables.

It. is nece.ss::rv  t.o describc [algoritbins  c}i"

motions  indepcnclently of  tb.e la.ying posi
t,ions ot' uJorkpieces.  The  authors  de-

s,eioped  
't'reer

 nieans  to clet[ine ,,')esitions.

Thc  me[･Lns  coinprise  s{. x groups  oi" iRstrue-

tions.  Thcse nrc  one  set  of instruction to

tr'1'!sfornl coordip.ates,  o]]c: Sct  ot lllstruc-

tiotl t.c) lnllkc  /mil'I'ol' ilrl','tg,e, ol]e  s.<i  o.['

calcuiating  pELcka..ges t'or srcomerricnl  cai･

cLi.[ations  oi' eoor'din?,[' c.'s' ,.i'aiis('ot'iiia'tioi']

aGcl  t/hree 't},pes of  iT}st]･nucu'iops' to definc

posltlons.

 Fu'i' the weldliig,  instr'uct.ions shoulid

de'Chn･e a  travezc}id  weaving  and  set.

$ens.iLv;vit.1･ con'trol  of  arc'-sensor.  T/here-

forc.', thc atit.hei's have  developud the

inst.ruction.s to dci'lne t'.he wc/ayingv  pattern
and  the conclitior}s  on  ar'e-sen.sor,

 //n vrdcr  uo cle'f'i･ne st.andardize}d  
'wor!cs
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:I'abLe 2!nstructicmsoftherobot1anguagE/
-t-.-ig. vt

Fustct ±onofSnstiuctio"NG Explanation
t.tutt...t.t tt

(1}Deiinkior:ofDnta
Recttmgularceerd.

Positit)n-JointAngleCoord.

PosittonofGantry
Toreh

rTorctaangle
AttStudeLVector

ConditionrPTP
ofMotiontStrait,Citcle

1-Wrist

Condiitionofwelding
DataforrDelaytimer'rimer-tWiaiting

LOutput

'

sl･,l1i2izIL)Igl,,'ll111Basedenwork,laieictinglineo=
torch;Absoluteor=elatSve

Vefl'nttionvnkhjoSntanglw
Abseluteorrelnt,tverunnirsg

Snmemanngrteweldingwork
DefinStSonwd.thtznStvettor
SpeedSpeed,weeving.arc-sensoar

Exeautingpet'tod

Weldingcntrent,vQLtage
r)elayingE:erS.od
B ±tpatternefwi=//ttngs ±gnal
B ±tpatte:noletillputsSgnal

. /wh
(2)MotivnControl

'

･1,1,PStrait

rdpving-CircleWr.i$t

}.I11MovingtodeMnec'Spolnt
Straitmovingtodet'inedpt.

tCircle,passingthrumSd.pt.
iRot/atingwxist,

rfiemo.Motion
WeldtnaJoutputoftinier

Clol:plexmotiDn
Misc.---Nemortze

PauseReeding

23s?.217
keep ±ngotriginaitSpposition

Movingalongmemoxizedipath
Ste=t,stopaltdcl:-,ngingcond.

WaitingtSmer,i.rlput,etc.
Touchsensing,acl.1'ustofwirp.
St.irtlstopotbnem-rizatiou
Peuseu}ntillcontxolsignitX
Ree,dingexSstl,ngc'enditiQn

- ''
(3}CalculattonPackflge l5Geometr2c.coordS.vaatetrans.

(4)vdrtabie7'itlEcaiarqu'a'-n-tity"'
Arj,thrneti=Function

Valtablv' '

t-tt12iiilmMt+t-t-mtfitLL.Tttt.t-.-.th

Inc:iudSslgtrS,yonc,lnet.ric.

squar[-.root,absotuteva!ue
Fr-esca,La:'qumnt.lty

tttuatL.ttt.t..-Ttt.t t
(5)Prog.ramContro!
UnconditionaXJtirnD
conditsonaxBraneh

t1j'FJuwrptoUabeledr.awte
Bit]nchtngT";itheompa=j.sonoi

Repeat /2SCelttr(.tuantiiL.y
MncroSubprogx'am

Stop'
'

,z2i'Cal/iingandrt'ta,i=xltng
CaUingandire,r.urninq.
Ter':ninat:Sonetautomatittope.

' .tt
{6)Trans.fDrruatj.oiiofCoordinates
ShtttingendScaling .aEhtftinq.andscelf.ner.efceer-･

Mirrorlmage zFdinatesrvalueGeneriltionofmirxorimage.mrm -tun..
C7}SpecifScattonStatement
Program/Macz'- ,'I

rr.t

"eginit'ionofnamfianadecla--

Data/Seguence. `ttionofsta:Vend)eclenrationofsteer':lendv,f

dat:mfexettut ±on

f8}costunEnt.M'e--sgag.
unLfiL

tt

...tt2tmu- t-t-tht.t-...T.T-nyttht-

   shortly  in a lurrrp, the  authors  dcrveloped

   the function ot' sub--progi'anL  named

   }t'IINCRC). In order  to deseribe ),I!XCROs o'i

   task  k,ivel, 77 kinds, of  ins,t/ruetions, which

   are  about  31,1 of  total 102  ]cinds o'f those,
   are  usecl,

5) The  N,IACROs  are  regitstc-/red to the robot

   conLrollers  w[th  theii' own  unique  namu,

   Vt,'ben the controller  reads  the  progran't

   ",･hich  include the list of MACROs,  t}ic

   controller  quotes the sub-prograrns  froiT]

   its storage  rnemory  as  it is inst.ruet.ed. It
   also  ]inks the ",fACROs to t.he maiit

   program.

  The st,atcment's  of  MACROs  can  list argu-

p'ients  to detine 'y/aricN,us conditions  of  motions.

Theret'ore, '[.he quoz-ing )v'fACIilOs is equii,,alent

i/o progrnrnming  tbc task levcl program.

  I'Ioweiver, rebot  languages  for other  robots

present cannat  Iist thc/ generatiou  of  the
motions,  Beeatise, thev do not  invotve the
'fvnetiong

 mentioned/  before. For  application  of

robots  to iion  
-
 parallel  parts of  hutl struetures

at sub-assembly  w･orl<s,  it is difficult to realize

a flexible systeni  with  such  languattes.
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'rasuku

 
Hv'oslu':･'o"･sr,
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 sw'b･--s.yse,.sifme for weSdEwag.r

     wm'ks

  In ordcr  to appl'.x,' r.obots. te non-  1)arallc.'1

parts, it is uecc'g:.ary  La reducc  the  rin']c

required  for prc)granmting 
'furt,her.

 ts'iaking use

of  the charaeteristtic  c)it :i task  levcl lans,uug(･

.v'{:hic'h  has a simple.  sy]tax  ni}{i i'ew stntements,

Lhe  atithors  hftsie developed, i progi'ainrni'n/tl

snb-fsvstein  for r.hose robets'.  The  partieulai'

t'uai'.ures 
c'irt.

 as  follovL's.

 (V' C'onvers,ational oj.]e:/':,tloRs

   Cempare.licl wiLh  tl,)c quant,j'zy o/f "ielding
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 i･s
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'Vo
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thc  
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                The CA5'l S.vsi,em for t.he Are-welc,ing

1<inds of  statements  prcviousl},  describecl. t'Xlso,

al1 statements  have own  cusl/omized  formai. ancl
ean  bc descrihed b>, 18 kinds o'f instruclions.

  Using  the eustomizecl  format alld  the ]iinitec{
instructions, the systen'i  disl)lays guid;mce  of

operating  sequeiice.  instructioi]s which  should

be selected  next  and  a sanipj.e  staten]ent  for

guidance to iormat of  the listing statenient.

,'Xlso,  tlLt syb'tem  ehan.v. es  co]ors  of  inclieatecl
arc]as  and  highlig-rhts them  to caR  thc attention
of  operators,

  
'I]he

 operators  ean  easily  pi'ograni foliowi"g
the g'uidances  and  choesing./  the displujie(1
jnstrLictions, 

'l'his
 programming  method  pre-

vents  s>･ntax  and  logical errors  in the state-

ments.

  These  iynp'rovemeBts of  hunian interfaces
bi'ing ferth i'educecl  

'tiine
 ,for pregrarriming ancl

prevention  of  errors.  t'1.lso,  ttv:.nl/ning on  Etivog-
rnrrti'ning.  is vjrtually  iLnnecessavy,  .

(2)IJtilization ot" dat,a basct

  hL thc. tusk' ]evel program,  abot.i'. 
'2f'3

 of  thc
"･;hole  stntenient's  are  tht/･ clei'initions  ()ftht･)  ends

of  weldinsi  ]ines. It is necessary  to prevefit
errors  in thcse, stat,enieriis  and  t.o reduce  tirne
for prograniming. f'Ietice, 1/hc., authors  have
develeped a progra]nmhig  system  to defkie
c{}ordinates  wlth  the use  of  existingg  data base
concerning  hull struetures.

  "" hen an  operator  points  a base plate. ot' hLill
sub･-assembly,  the systc,im  displays thc basc.

plate with  all the welding  lines on  it. 'I'he

system  uses  the parentag.e  inclttded in the data
basc nfor identifying the i･velcaing lines, 

'Tl'Le

identifying fui']ctioii prevents misslng  of  welcl-

in/g tincs.

  Next, the eperator  shoLild  poifit the djspla),,ccl
welding  line to fGllow the or, der of  the iveldin.cr.

work,  By thf"se c)perations,  thc, systetn  pu'Ls'
sequential  nuinbers  on  Loth thc, encls  of the

pointed svelding  li'ne automaticE,)11>J.  Irhe s.vstcm
also  generates statEments  to (iofine  these  poinl.s
simultaRe.ously  as  instructcd by  the granunar
ot  the robot  IallguagL. ,At' this time, the systcrn
convert  coorcl  i' nat'es  from  the coordiiiat/e  svstem                                     -

on  the ship's  hull to a local one  on  the bas.e
plat.e.

  That  is, the system  con'tains autornatic

  Rebet for iTull Sub-assernblie:;. 203

ktnctions. sucb  a:-, generating points. conve,rt-

ing eoordinates  av,d  generating  statements  in
lke  t'obot  laiiguage. Thc  iLmetjons can  perfectly

prex,ent  errors,  ]n statcinents  to define posi-
'LI
 
OPS.

 C3}Fi'e.e positioriing

  Tlie :.uithot's hasr(' also  d.velopecl the folle",-
in.[.'s mcthe(1  of  Iree l)ositionin,ttf, of //i workpiece.

  Fii'st, operators  u )t a  workpieee's  eoordinate

s.ystmn  on  a werk'  pic/cc, having no  re]ation  to a

setting  posit.ioii.. The  operators  ak'so define
tliree i'ei･'erence. points ort  this eoordinate

sy. steni.  :'he roho't  can  rf.'ec).gnize the  location
"Jhere  the' i･vorkpiff,ee  is sct  by t]]c. distances
niensurecl  from th(, reic,'renee  peints.
  Secofldiy, the roL)cA' detcctt's the  loea"Lioll ()f t'he
worl<piece  h}r tht touch  sE,i'ishing motions.  The
systein  cust.omizet,/  senslns,'  met.ions  in a

rv,f ,tx C RO.

  1"iRa]l.y, thc c'entro:lei'  eKt'cutc/,s t'he coordjn-

at/e t'rans/I'or:natiori 
"iro]ii

 the ss･Jorl<pieceis  coor-

tlinatc  
'i
 vysten']. to [/'iTe robot's,  onc  iolloiving the

instruct.ion. The  /vmbc)ls  of  Lhc･ referencc

pc}lnt.s jn the instruction trans'i-'er the data o'f the
[ocatiens.

  B), this featin'e, prog{ran]in irig operators  nec]d

not  pay  atteiitlon  to t.hc po.sitions of  worlcpieces

s[.t at. thc rob{)ts,  Tliiis feature, has an  advantage

for the operators  "'h() 
'ls

 belon.cr.ing in a molcl

)ofting shop,  }i3eeause the operators  may

st r.ange  to the opera',Lions  of  tbe i'obots  in cle･tail.
(･VConneetioiis. wli.h  SIIIII' svstem                           -

  Da'tn b:,tse is bllijt 1)v the SHIP svstem,  lt
contains  nun]eral  v'c'tta attributive  to all hull
structure  m()inbei.rs  .,such as  form ancl  nanie7).

The  (lntt,i base (",cts  as  
"a

 souree  to supply  data"
for the i'ncchanizat.i(in  and  the auton'iation  ofthe

hull const,rvctjo'n.

  The sub--systeni  for weicling  pregram  and

the SHII'' sv/'teTn  us.e tlie clat.n base in corrimon
          :
as  shown  in i'i'ig.,1.

  "vlafg.v func'tions ai'e cDni mon  to this program-
min.cr, system  and  s.he  SHIP system.  Common
e,,  .
llinet.'ons  are  transturmation among  coordinate

systeins･,  prcj'ect.iii,sg 
'vvorki,iieces,

 pelnting work-

pieces, ,ioining 
'woi'kpieces

 together, dividing a
workpieee,  geomettrieal  ealculations,  basic
routilles  fer gral)hic displays, etc.
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   eldi"d

  y-
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Vieldk

k  
program

  
'Vhis

 programmmg
I'i}Iil-' sv$tem.       tt

graphic  dtspla}･s

progranls  1ll

dei.,clopinen/ts

it hns a]se

tt'ElinillS.)' i.illlC)

L//sLia11x.' hak･'e      "svstem.

 ttt. t(,i'').)ilmprox･'eillent

  The  atitbors

1'iuman intarfacc

are  the utilization

gtiiraanee and

nancc/  aiso,

  The impi'ov,cim(]iMs

ples in Fi' g. ,ro

shown  b'v difierent
i.he sjzc, ln prlut,111RL

p]atie at 
'Lhc

 start

a.ite eallu,d  in

",er'kpioee･s  at  the

 workp'iece  ],s

$elcctecl  iiame

shows  thc., i'orii't

 upper  part

 ftl[ICtiOll tO jOIII
 has bec.n clcveloped

               
rr

               muLmunytunmtm-
',,,l'l.l]-",

 L
'

Ilies'if:...--i
r  

r-wwL...-.-..

"  ./ 
Efc LsEae  fY

   / l.. nvw-f

l.''is,. ･4, Si {Il) y..i si.em

    
'
 s>.s./en']. is ;.L 1.}ai't oi' Lh[/

  Eet/h svst.cnifs Lise comlMitcJF.,

   , a da L' n basc ancl, i iod  ii 
'l
 es  o l'

 com]i]on.  T}y.is, 
'the

 L'osLs T'or

and  operations  f/,rc L'e be reduced.

an  aclv:-Lnt,ag;e in i'ecluetion  of,

bccause pro,(Lr,raniniiv.g cperav.or'  ]

expcriencct  
'Lo

 cptrute  
'[/hc

 SI{!l."

    oi c',per`fi'Llons

   haN･e {lcvelopcd  funeLioiis oi'

   foi' eas./:,' propraniniins,, 
'These

  
'
 c'f the in.cmu,  the operainnfg

 th'e cln･aiigsilng  cc/･1icrs an(i  lumi-

      
'
 nrti  iliL//stra.c)d on  c gtlin

wh/  ere  a  
'oei'tinn

 oi' menu  sectiork  l[s        '

      scalc  [n ordc.r  t//o cut  rdown

'
 

'
 Fig,, 5(.･,D shows  Lhe  i･ma.,/t'.e

   / of  rros.iranL  ",･htr{/･ basci I)iiiz' es.

. 
'ihe

 s,'ste],u clisp,lu.x,s immc'q,  cf

     t'ent,o.r ot' ihc･  dl.sv1a.v･. XIN･Fhetx,i.

selecte(ll, U,c} s>.,stcni l"iis.hlig'hL's t. 1/y,

  for oast,r c,ofi I'irniatio). It nlso

    oig selcactc-d i,v{)rkpiece  at the

of  the display. The  ati'tomaL'ie

 
'
 worl<pieces  ift,ith a  I)utt .i･oin/:

 Kouji NlsEiryin[A, Nobuya  iXK[be ,"1,x

                                 .r
  Next, it is necessary  to determine reierencc

points  of the coordinate  system.  Fig. 5 Cb)
shows  the imagc planc where  th' e origin  of  the

coordinate  s>JsLem  is given. The  s>,stem  dis-

plays  necessary  cominancls  to detcrmjne refer-

ence  points on  thc  sub  
-command

 area  and

displays  message.  to request  the input o'f

re,r{.rc,'nce p()ints. The opcrators  can  clcfine

refLrenee  points by the cursor  of  cross  mark,  It

is not  nece.ssEiry･  for an  ol)thLrator to kno", the

sequcncLs  c)f thu ope.ratioris  o'"'ing  to L'hc/sc,'

features. The  si,,steni autoniatica]ly  trans'forn'Ls

the huH  coordl'nate  system  to the  ",orlcpicce

ceerdina,te  siisteiTi.

   .,XfLet' thc detcrminatioii of  the  "rorkpiece

c()orclinnte  svstem,  the proc'durc  t{) dc.fine
',,s,,eldl/n･,g 1ines f()llows, I'ig, 5 (e') shews  a

zooui  ed  iniage pituie 
'for

 detai'led ol/)serx･'atiorq. In

diis p,rocedure, the systeni  rcads  tine coordin-

atcs  at. th.e e.nds  o'f designated welding  lines.

from lhe ciata  base an{1 generates .statenienTi f,;･ to

{ief':･iA,e sucli  Doints.  1'hc coiniiiands  usecl  fo/,'

 dciinitiovci of  M,elding  lines arc  djsplayecl on

 thc', sub-c-oniman/cl  aren.  Thus, it is unneces-

 /'･.ar>r tr) memorize.  the  operations.

   
'F,
 1/fir,. tt) (d) shows  an  irnage plane  at quotiug

 the  

'l･iACRO.

 The  systcn]  dispjavs listed

 s.ta'Leme'nts  at the oiit/put  ar'ea  ol' tha robei/

 ]ang'uage, !yt the procedurc to list wclding

 prog]rams, 
'first,

 t.he operk'  t.ors sclect  an  insi.ruc

 tion  from  l O kincLs ott' ingtruetions. Thc sy, stem

 [IEsplalrs  instructlens at  the displal･'ing' area  o[

 dttsLom.l･z,ed robot  languaEie. i"L[  this t'.ime, the

 s].i".[,crn selects  next  necessELi'y  coTnmands  nnd

 sho",s  z,Lin･en'i nt the sLLb-- command  area.  [.ilt.c-

 "･is(j., ol]crtli:or[s elln  cEll'ry  progr[-lmfilillg,' i'or-

 wai,cL  b)t, cl'toosing  a  commancl  from  displayed

 onos.  Tha,t is. it i･s unnecessary  to n'iernorize  thc

 Oi)C.i}ltlOllS.

   T, he 1,i.s'ted "icldjng  g'll'vgrani c'ui  be  oiitpu'i to

 t.ht" file i'or "relding  prog-'raTns aiid  the data 'file

 ,iot' plottin,a, forms oi vL'orl{pi('ce at olle stroke.

 
'I'1ie

 C,OSts,10 rnanagc･s  both t'he tiles.

  (6)I'arts drawing
    In ord/er  to deliver inforvna'.]'on cencerning

 the positions  of  weldir]g  lines etc.  Lo thc,' robot

 operaLors,  t'he atit'hors/ dex,'elo'ped an  autoniatic

 clr'aw'nig  s},stem.  An  exi,nnple  drawing is shown
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5 }i:xamples ol' displu.ved faees

(cl/

 -o,amJf'･
.. .e-',ivCEr
 eo[r

l,;ig.

JttBt'HSF'1･"TSfiIPR]Sl"3s[r21#

t" ''i':'1

M]us oS'tr

  -.m
 
-, Ju,

FPr"T  ---r'/;dttt
   'etT

in Fig.

plate,poLnts

6. The dy'awing shows  a j"orm  of  base

positions  oi' w(,xl(iing  lines, reference

 of  the coorclinate  systein,  moving

Refgt/gnce pglf!t.

K
ftuf--teR-teLl!lle/Lt

K
'.-'4-J.Trth=).O',

1'1
LF

t
LL

"
'

-

Fig, 6 Anexampleofpartsdrawings

dlreetions of  the weiding  torch, c}tc.. The
(li'awi'ngs  are  v(.ry. useful  for the  robot

opera,tors  because, rhese  include all necessarv

i]Li'oi'ination to "re}c// vrorkpieees,  

'

(7)System prosirarrt of  the sllb--system

  The  system  gene. :･'ates task  level program  by･
easy  opcrations,  that is, tlte choice  of  menu.  The
s.vstern  calculates'  eoordinaic.s  with  utilization

oi' the data base, fft.lso, it generates  we}ding

st'atements  with  the use  of  stored  tormats and

the sequentlal  nun'ibering  feature properly.
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'l'asukiL

 Yos}iL'roMr, Taltashi YosMtM･uR,N,

'i'hc'n,
 

'L'he

 s)i･stem  aets  as  a･n iT//])iit g,ene:.;L'or j"･or

the robots  fer hull sub-assernb]ius.

  
rl"he

 riiain iobs el  this' systefn  u･re handling

iiles, h;,Ln(lljng {rh  iractei'  strlng's  and  ol)eraLions

{)rt grnphic  displtL],,s, 
'1'hc

 l). rogi'E/unining  lari-

gua,g,'cs /for thc .formar twe  zu'e  j;ORTR,"{N. Tho

lans,uag{/. for LhL I/bsl onL  is t,hc' si',broutine

pacl{.agas., 
'v･vhicln.

 are  supplieci  1}), tl'ie mnnTil'Ei{r.-

Lure ot  the super  nHni--ceml)uter.

  
']"he

 Lasl< lcx,cl progrnms  comprisL  /the

eharacL'er  strings  nf i'nstructions  :･]n{1 nui"eric

dc'Lta. Z'he systein  gen{).rates 1 he charF.Lcters  ",ith

't choice  oi  the tnen-  Also, i'T/ {}aleLiiates  tl]e

it"merics  with  th{. duta basc',

   
'Chen,

 thc syst'eni  p, r,everiv.s ix)Lh tlie sLx,riLeax

t,rror  ancl  the nuiucric'  ti'{'or oii Lh</ pro,grain/.

:'1,iiclr1･cl.[o]-tt., it is 11ol, 11cxtlL･/･sFLI-,i .o ,el1,Jc//,,. Lh{1

s/yntax  of[' tlhe iof'o/graiixts z'id  thc pai'iet el

'b/)rosrrayTuued
 mot/ions  wjt'Li 

'1/ine
 :ovupl]a'tieu  oi''

L[ic/  I,)i'o,/rrtuns,, 
'l･'o

 s/･ii}]/iplif.x t･/li(/･ .h'L'stufL} pr'c/g./'tu'/il,
'ifk('. s'v,st(,ir] does nuL  :/ncl,'ude. R it'oinpilc.i.'  roT'

rot)ot  [ELIIs,uas,c's,

?l.･a Peep-soge.aa /tet.,oer'UtC'E"

   
'I'}ic

 CA  "v'1 s ,'st,ciiu sh･o// ild  rc] t/,,ct 1''.x/hI}' L/ ('} i 'u)

nlteratiens  ot' dc, si'nyns  ari//i Lh,..lr chF'i'i-'es oi'

lor'oci/ucing. oi'd'cr,  Hi.g･i.ct, i.ilc' tt L. 
'i/hors

 /sc/L a

pti'sonal c{'}piputer  at th'u rol)ot  /:oiitrol  t'ooni, i/n

 a sub.  assc-nibly  shop.

 tt.

 
'L
 i ,]

 TermiRal mocle

   Soine "rorkers  selected  .fro]m "'elclin/t];  v,'orlt-

 t･rs ot' hulL sub--assemb}v  shops  opera･tc  t'hc

 rob･ot/s. As  the wor}{('rs  can  s'rtelJ,' inanag'e.  the

 
',veiding

 pros,ram  on  hand, tbe // xx/'sonal  eoni l/.i'-

 ter uc/ts as  a 'wrniip.ral  of  (J･OS)v'IO lii,,ltth th/t

                                
'Tabkt

 tt ESIruulii'ho,}

                  [ Fv.ricti:･)n

 Kouj[ NisTTTyiyM.x. rXlobuya AKih'Aii,･x

conncction  bi,･ 
'.
 transi'nission lino. This  Lisage

is a l.erinirilLl niocle. Thc. soft"iare  for thc

Lorminal irnocie is a  genoral purpose  1.e-i.,inal

emu]ation  progrnnn,  The workcrs  cEin st.ar'c

terniinal niocle  ",htn  nc･eess･ar.N,',  Ncx't, they

c'y'ecu[u  jobs of sclec'ting. In' c weldint.cr 
'L.)rogram

froTi] the ]Cilc.s ott COSpt'10. Also. they exeeute

j,obs o.f loacling it to the filts o// the porsonal
COI'Itl)U,L.E.1".

[(2)Sjmuiiitor  Tnc)dci

  li a worker  modifie:s  a welcling  pi'ograii,. at

Lhe shop,  it is necessary  to chccls: s.y･ntax  of a

prograin,  its .conipositions and  pa'Lh of  reot.ion･s,

A.t this i.inie, tlAe persona} corrip'/1'Ler acts  ns  a

s 1' mulatioi}  svstem  of  the rol')ot eontrollers,  T. hi,s

is gini'ula:.or  moclc}. T･ hjs rnodc'  cont.ains  follo",

illg .i'.,lee fllTl(]tlOTIS.

  1) I/t :aii  ipp.ut welding  progr'tmlls, edit  Gtbemi.

     conLpi"o  p;'og.ra]u" v･ixitt.{tn･ bLy the coi'}ot

     langiL'a･gge ancl  sii'nui'ate (txccwL//oll  of  t'he

     1)r.')gl'agTEI.

  i)) L[ ca,n not  onb,i t/･ t'/ack}'ogram.s  fj'om files o.f

     i･)[,."/sopa]  con'ipu.ue:' but also  eutput  te tnc

     bu.L.)ie jncTllori,  cas,sttt'es.  ",hic.h. :,s //]rc                     '
     LLLecl/in  for [he  i'obett c:ontrollers.

  31) .IL can  shovL,  Lhc path  of  Lh･e torch on  Lhc}

     dl,$p.,ny plane  oi' 
`/Lhe

 personal eoi'npuLc"'.

   
'"i"ht･.

 svsteln  proge'ams for tllf) 
'fomllcl'

 t,wo Eii'tt

a copy  ,ot'  sorne  part, ot' the systen']  prf)gr'anis for

the  reboLs  as  originni.  
"Phe

 copied  pai't is shou,  ti

 in 
'I/:Lble

 3. A  general pui'pose einul:Ltion

1]rograrn takes  over  ti]es(' pre･g,ranis.
   1,A,"1i,en sonieene  moclifiu,,  a sys,tem  prc),ttrafii

 fo]' i/he robot,  t'he :,)t'ogr:ims foi' thu  siinu,laLer

 /,tiust :,)t. (tlia'ngc/d  "cc.ording,ri.s/ ss  sooii  as

L". stcin  oF  ro'i')nt' eontrols

lr-lanngnmenll oi  Progrnm

;[
 Lt"-t-uttne...r..-..

Icomplloprc
j-- rm u'-'' r'
 EJt ecu  t' S on

 Mathematical  Analysis

L

}.tnv..t..tt..T- t.
Svnttn,cttc.=nakv3･t,soi

Butftmanngemerltofro
1"tp.tc'pra'L'inrbXmngllage

t...r..---...".-tt--
AnnM,zimtli.ntermediat'
Ca!cu].ationof,posSti

-t '
'SX.9CelcLilat/tonof.vecter

T:ansierrmingcoordina

lnterporat.ionefstra

Kinematt=sandrevers

        .t..-...--..a"tt t tt.-vt-.r --.i.t

k's';i,ki'//L'i//'2-et･.::lli-i'11'iti'?//i,i'£.:,t.prn,L,:･:gr/JII
'

ILI
                      robot  language

                          
at

 
exemcuEion

                           code

                           . 
attStudie.......ll

                           rnatrSN                         '
                            systesu

                           . cSrcle

                           
kinernatXcs

 m--H.j
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                The  CAJ･r System  for thp  Arc--m'e]ding.

possible. Here. the  eopied  programs  arc  the

best. The  lungua.uo of  these  prol{rams  is PI./pt'I,
the samc  as  ones  fc)r thv robot  controller.  The

authors  have  coded  the prograni for displaying h                                              e

torch path by BASIC  ancl  eompilvd  it for hig.her S
exccntion.  

'I'he

 format of  x,velcling  programs  g
    . u-

consists  of  80  charaeters  with  ASCII  code  on

both Lho data files and  the bub})le meixorv

eassL,ttos,

(3)Opcratiens
  For the arran.esenient.  of  thu next  cl ay's  work,

Ro5ot

1so

fov IILII Sul]-asseinbhes 207

1oo

w-

 3.,,,ll,.

  j:"v
 l[

 
.t

 .:tt

 #d)

t;ttt/ttt'/t:tttt･t

 8S}

tt t..tt ttttts
 ; t..;l.unS

1
j

1

 [

s
1

t'

-al

I`ri

'

                A
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"X]
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'co
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 ve  
'ee

 
'so

 
'Ico
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               I'rugt'ummillg time [miT]}

      I7ig, 7 StutistLes ot  pvogramrning  ti'me

Le thc･ effectii･'e vse  of  the clata base and  so  on.

Aceoi'dingly, tl']e ti･mc for f:heckiiig  program
became  as short  as  that for tl)e progran]ming

  tJsing lhe Cr3L)v'T s,x, steni,  the average  prog-
raniTning  time  fot' welcllng  prngram  became

about  1 liour. tNs  mentioned  before, the  total

[.Lverage  te7.tehing tj}me xvas  abeut  3 hours whcfl
tbe  CAX{  systeni  w})  s not  avallablc, That  is, due
te thv aclvantageou.k;  effect  of  t.he CA},'I svsteru,

ttie timc' rcquiredi  ;'or teaching. become  t13.

  
tY]so, the C./Y )t'I s>･ stc'm  prevents tlie program-

ii]ing errors  op  tlk' eoordinatus  or  the argiL-

n]ent.s  because  tlie system  gpnerates wolding

p}'ograin automatic'illy  "'ith  iising  the data
h:Lse.

  The  record  eii  lhv ZO  abnornial  stops  of

robots  sho-rs  tl'i at li stops  of  the}p ":ere  cauged

b>, stieh  prograilimiug, errersi  
'f
 
',

 TIierefore, the

system  not  onl>,  reduces  pro.uramming  tirne but
aiso  improves  thc) net  opernting  rate  of  tlie
robots  through  the prcveritl,on of  errors.

3.2 utxgeansioitv og' the applieabae  range

  Inx･estments in iuitoma:ie  machlne  must  be

pttid with  1.he increttsed profits. In the  appliea-

tion o[  rubots,  the inequality (1) gives  an

ecenomical  ran}T.e of the amount  of  iRvcstment

}a

     . F(G-rD-s'D  L'(K i) ,,
    <  ---------  --------  1

;,･'is':e,,,/f{s･cli';,･lkEl/.Sl}i･･,･i'l/{l'i/-i'/ti',/,'.4'//･

;,i･iil･/{･11･ii,iil
',tiilliliii,illiSiiil,1//:･ilX>ill-,il./:,/lliY,/f,11i"E"

-･ ･･ ･･vs 
'N

 :,El. 
"iitt,:i{'Z',fl/1"lcij,i･if･,/r

      ･" .･ , i /t.1-, i･k,e.{･/･･l.pt･/.,za･ag {     t t ttttt"  ttttt-t  tttttyt
    

'
 
-,± ,.,g･t･'  t-y',,.-or･ ･': t/:..:1'lyi      .t t

  
c

 
-.
 ,･ .･ J[}l･]'t?5.E,k;-W,ki,l:l,'･:l･

3o)  ,･ ./.}:t･' ;:i';' 
''-i','1.

 ;'zaa.".･     tt t ttt'tttin tttttt t
  

c
 
te)

 :. t"ls) :l;tt ,:, [:idi jrii'[t
            

.- t. ta .'.t tt. t
     t d}
            

t
 

11't
 11cf"dii:'

a  worker  st/art/s sinwlator'  piocie  Lo select

programs  from tlie files. H]$ next  job is

outputting  thaJiL Eo the babble ineniory  cHssc't.

tcs, !Nlso.  the -rorkci'  loRcls pregrain  to robot

controller  tlirongh  bubble mcrnory  easselLes,

  NSJhen a  clesigner  ultered  clesign  partially
after  programniin.u by the C/Xpt1 system  hnd
been f[nished, workL'rs;  ean  nioclif)･  the prog,r-
rr,Lnis and  eoiitiri'n  paLh oS  ffiotioti.s in this rriode.

Thereforo, it is oasy  Lo take  mcasuros  to rneet

alLeratlons

3. The  applied  results  oftlae  CAM  systeifvE

3.1 Reduetioms of  tke pr().crrtkmmaing tigree

  The  robots  for hull sub--assembly  are  rLm

by the task level prog,rams. TheTi, t.he nuniber
of  their  pro.crrams ls about  1 /35 of  not  onlb,  that

for pla.yback robots  but also  that fer robots

xyith  motion  leve] prograinsiii).
  VLihen the C.NN'I svstom  was  not  available.                   v

avcrage  teaching time tor a  workpiece  of

ordinnry  size  was  as  follows. 1"ime requirod  Fnr

programming  was  about  1 hour. 
fl]hat

 for
chvcking  and  correeLing  data was  about  1 hoitr,

That  ior part drawiiig was  aboLtt  1 hour. Total

came  to l]e 3 hours,
  in order  to evaluate  the rosults  of  the CA)L'l
system,  the  authors  nieasured  working  time

consumed  for fl()O  programming  jobs, Fig. 7

shows  statisl.ics  of  these  measureg.

  The  statistics  show  iol]oi"ii'ngs, Vk[orkitLg
tlme  for abotit  70%  workpieces  was  ZO t.o 40

minutes.  The  average  tlme  was  39 minutes.  No

tiine for part drawing  was  necessary  beeause

thc system  drew them  atitomatically  alter tlie

programming  had been  finished.

  Also, errors  in programs  bc'came smali  owing

P-

y:I;
 :

G:

                        Y  cl,

 (1 -1-r.) li -F ECK, t) i?l

Annual labor cost  for a worker

'iihe

 ratie  of  actual  working  timc of  a

robot  to tliat of  a  wuTorker

The ratie  of working  ability  of  a  robot  to
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      that of  a -,orker

  le : Assurnc,hd ratio  of  r ¢ pairing expene,o  to

      investmcnt P

 ]'t) : The  ratio  of direct t.eachins, time  to actual

     ()peratmg  tlme

 rp:  Thc  ratio  of  illdirect teachins, timc to

      actual  operaring  t,iine

  ECK, il -[(1+i)  
it
 
---

 1]f[i"+i)  
K]
 (21)

      Lj/nifc)rm series  presuiit vvorth  factori:i"

  1<:The  t'erip of depec,iatier} in .vt/a,r

   i : i'X.llnU[ll  illter'eSt l'21'Lie

  
'I'o

 eoinpare  on  an  equal  f{)ot,ln.v, the length to
be welded  by manLial  weldin.g  

'ls
 adjusted  t.o be

tho sanie  as  that by autoi'iLa,tic welding.  ,As

zncntjoned  beft')rc, avet'age  pro,.u..rallnnin,tt 1/': n'te is

1 1]our as  sho",n  in 
'1'uble

 ,'1.

  ()n the assumptiofi  of  .for' (1;, rt) afi(i i'J,bciT]g

tite vaiue  in TaL,ie '1,
 conscrx,aljve  vai  u'e oi' 1,O

't'er'
 f,', 8 years'  de.prc･ciati'on, 8%  of intcrest and

tlie Etverage  value  o!" e.1.C} t'er' te, lhc authoi's

c'stimate.d  the r{/･iation betweer} >' and  I', Thesze

calcuiaLions  sbows  t}tat thc upper  limit. of  i'i,' Y
is 2.85 t'or 'the cast,  o[ Lankcir' and  2.;-)6 

',For
 t:,ial

of LPG  ship  as  shown  in the Table 4.

  Aecording  to the inquiry oC  the Miniszr), o{'

Labor, average  inonthl.1,･  pa.z., TJor 
'iiull-tinie

worlcer's  o'f larg[" faetorie,s is ･,,i 1/ Z.3 thousELnd/s

yenKi),  A.iso, total ",elfat'e  expense  is 5ol,669

yen  per moiith.  Calculating frem Ll'ics(.' amoti  nts,

the annual  Iabor eos.;i. }" is [-),[i,68 inillions  >.'er].
  If 2uinual  iabor cost. Yis  t}tis amount  

'ati(.1
 u

sr,fel:,i assume(i]  valuo  of  P,,' 1" is 2.,[), thc  upper

limit' o'f thc' iniiesli･Rcnt bccomes I 't
 ll:il/]iovs

:,'en.

                                  
'lh'bLe

 4 Efi

                1                                        F
                 

'rype
 oi  ship  i

                 Nnme  off vgoz'1{oioce                                        i UO  
'L'
 tOwt

[iEliidingiEvgiht-'!nl i . 
67･

I;･l･Ei:･iXts/gi.g:f･k:eitsg,n:;i/I 
2e,

Fllln;,ai 
.wei

 
d-iiiy.

 

'

 
fii

 
A'l 
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 F
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"""'rm'Illl

 :/}.n.
L,llmullnvSi y 

L
 

.ITr.-.Tr.rrissg

    I<ouii NlsHIy.･xF･[,y, Nobuya  iX:<-',xMA

     Aecordin.cr.- to the inquiry ef the japail

   Industrial Robot Associ2ition, Japanese ship-

   vards  installed 39  sets  o[  nunierically  control･

   led robots  in total durln.o. 5 ycars rrom 1984 to

   1988. The  total investnianL was  507  milliori

   veni7'),  [Vhus, th{t average  aniount  is 13 miliion

   vc/l't a set.

     The  upper'  ]imit of  tha investreent is over  t]'Jis

   ?.",erage  ameunt.  Considering adcliLional  in-

   clirect  labor costs  for manual  we.lding  and  the

   ext'endecl  opcrating  tjme  for autoi}'tati'c ",elding,

   robots  liave th'L.' advantagc.  Thus, the usa  of  tl']e

   r-bots  becomc's more  profitable because Lhe

   practieal upper  liniit of  the jnvestrncnt rise

   ]IIOL'e,

     Tliie econoinic  study  above  sho",s  that Lhc

   use  oi robets  oll nen  - -parallel part/s ef  hull are

   proritable  bc.'eause teaching tinie becomes smal1

   vvith  the applicatic}n  of the CAIN,I system.  !n

   other  woi'ds,  tb.o C!",]v'E sys'tem  has thc effecL

   that tht  applicable  range  osF the  robots  expands.

   t;o non  -psrallel pai'ts ot' hull,

     Thc 
'd-･'et'Eig.e

 time f'or prog,ranirning vx,orks

   beeoi].¢ s  three  tlincs, i.e. 3 hottrs, unless  th･e

   
r.'.

 /1 N'I tsystclln  is ax,ailable.  Bec.ausc Lhe pro.o;ram-

   ining  "rorks  consLiine  equal  or  longer' tiine  tl'.,an

   the v"eidi"g  
'Lime,

 robots.  Ios.e. profitabiljt..ii

   unless  thero  are  !iiany  ideTM/ieally shaped

   mrork'pic/ccs.

   7n.,. C,otifi,cUansiorl

      On  Lhe  application  of  arc---welding  robots  to

   hu]1 sub･-assf'rnblics,  iG. 1/s neeessary  zo extend

   th{' al.)p]icablc  ran,o.'e  to"rard tl',ie n()n  parajlel

   parts. The authors  have dev{tloped the Ct'N.Vv{

   sys"tcm  lor these  robots.

ectsofteachingjoh

 "easuker kPG  

-"=1

  
-:-ransv
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'I'he

 CAM  Svstem  for the  Arc･-",elcl[ne

  Each  workpiece  for non--parallc}  parts has
different shape,  Also. forn'i of  "rork,  working

order  and  "relding  position are  ehangecl  ver>･

often.  Therefore, the Ci'Y}v'I s'ysten'} must  attain

shorter  programming  time  and  flexible func
tions for various  alterations  also.  The  featLires
of the sx'stem  are  as  iollows.

 1) The" C,4 M  system  gives task  level prog-
    rams  to the robot.  controiler.  .As the CiXN,T

    system  generates each  motion,  the robot･

    can  freely run  even  if an  altctration  oie

    producing  order  causes  thc change  of

    settlng,

 2) 
'rhe

 system  uses  graphic  displays conver-

    sationall>.,.  Also, it sho"'s  operat/ional

    guide  and  choices  of  instri!c:tions on  the

    displaLv$, 

'I'hese

 functions aro  effective･  for

    the reduction  c)f programmi.ng'  t,ime and

    easy  leayning. of  c)peration.

 3) The syst'c.'m is effvetive  
'fer

 the reduction

    of programn'Ling,  time and  the pt"evention of

    eri'ors  becaus c} it uses  tho (lata  base for the
    hull.
  '
 4.) The  system  is equ{pped  with  a personal

    eomputer  at a cont.rol  roont  adjacent  to a

    welding  shop.  It is useful  for editing

    prograins, tlieir revisions  and  t.heir inan-

    as,ement,  which  leacls to the attainmant  of

    flcxible features.

  The CAM  s>,stem  rc'duces  programmjng  time
to 113.

  The authors  estitn[-itecl ttLLe econornv  ei  the                                 if
robots  based on  the recorcls  of the actual

weldin.cr  time, This  estirnatc,  shows  that. robots

are  surely  applieablci  cven  if every  workpicc('.

is different. Therefore, the range  of  the  arc--

welding  robot  applicab]e  to hull sub--assenab-

lies can  be extended  to noii  -･parallel parts of
hull.

  The  authers  have  accompLislied  the nieans  of

autornatic  "relding  at the hull sub-assembh,

proccss as  Lh{t resiilt  o'f this developtnent.
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