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 g3. Wke  Agee Wegdiapmg kmpkeg foy gggeSg Swaix--asssexveingy Wereks

        [i]asuku YosHIToftgl", Mexzber, Mitsuyul(i YAMAMe'vo'", M'embeg

        No'htgya AK.lyAMA'",, Hgroshi OI.<upa'!URA""

                    {ll;'rvm .IS.ACA,  ,fdp[gn,  Vbg. 16a Vec. .YgSY

                                Suimeawary

  The  deve}opment and  appiieation  of  an  Arc  We]d[ng  Rott')ot for $hip  bui]ciiiig sub--asseTnb}y  work.c,  are

stuclied  here.

  Robets for such  purposes  s･hoLaLd  reguire  a  mininium  ,.'eacl'-iing  time  and  ,ihould  be ab?e  to traotc out
welding  lines. Moreove)", the]' shotiLti  he flexible envagh  tc) [!ccorngnodnte  z/･siy size  of  construetion$  and

different vL'orkpiecu  la)ririg. pos'itions, in aceorciance  with  the ekange  ot/･' pE'od-e.lrrion sche{lnaes.

  A 1'arge ga"tr.v, type AT'c "We}(ling

 Roioot with  the i'ehet  la"guage cnpa'bjII･ty  a"d  with  +.he  are  sen$or,

which  tracks  t,-t the welding  ]i'ne and  det,ects its en(lt;, h:]s been ntrz.'･,･ly (leveleped  and  the new

appllcntion  engi"eering  S,bL" t,his robot  h3s heen studied,  ineor'permtingi task  level robot  }anguage
functio"s in tlte sub--pyo.rvram.  

'

 The yobot  an#i  its apviicntlon  engineering  5ririg gerih the fullotviu.es 
.,'emar}(able

 features:
 (1) B}r use  of  t.he robot  wlt.h  t. ask  l,evel welcling  pregrarns, teaching  iteiriy. are  vF.duced  to l,i35 of  the
eriginal,

 <2) Almest entire  we}ldi"g,  gnc}udiog boxtng et  the cnds  of  weldiiig  ]ire･,t, ean  be perferTneci 
'by

 t.h' e

robot･  throughout  tine sub--nssemb}v  works.

 C3) Mer'e ft'eedom is given te sub-assembly  layi-ng peF/itiofis without･  3b.o.ring  
LLhe

 welding  program,

 Thus, tke stab-assemisiy  works  ha,vin.rr complicate.d  s ±gfferiev ar!'angersi{tnts  cnn  
'ee

 weltied  by the
rebot  redueing  the welcling'  inan--haur  by 75%.

l,. katffedieeetrEgza

  Nowadays, in or[ler  te overceme  th{t labor
sY･iorl/age in Japai],, it is lleeessary  for tl'ae

.lapanese shipbuild･ing  incl.usl:･'y to t/rag'2s/for't.ii

t..h.emselves igto iihe e(ltiipntent.  ifitensive i:t{ltis-
t/ry whic'it  assures  k2gfi' ei' productivity witii

gioi'e mech:･inized  and  alltonvate[1 rnanLi/factur-

ing process, rasiRg  n' n  adci,eci val･ue  per･ wcrker.

  In shipbuiiding  works,  arc--welding  process
consumes  more  than .l,/3 ol the whole  laber
hour for hull eon.gtruction,  Accordingly, the

proportien  ol flat poslt.iQn welding  haEs tx,'en
increased to improve the productivity ot' the
weldgng  process. rv{oreover, the researcit  and

development. of  weldiiig  techniques  and  the
mechanized  welding.  have been made  for higher

productivity.

  I-R sub-assembly  works,  for the simpla
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shupecl  weldin,,t  line.s, /i'peeiaiized  welding

mvtf,hinc･s  are  :･;,pl/v'1,ied te 70%  of welriin.cr. Iefigth
eft'eetively.  I'j･[owe'ger, for the remaining  por-
tious, s'llch as, bf'Ah the orrds  of  welding  liiie,
v,,'er'ti

¢ al/. wel/  tiing, posit'io!}.s ari-d cemplex--

sh.,}})eri 
'"･'e]/tlii:,g

 lii'!-es ar, e to he. maniia'Lly  weldecl

wlt])  low pi'gdiac,t,ivity. .iXl]out  80%  of  the

wekiing  la'hor k'w･). censuga'ted  for 3096 of  the

total weldjng  l."x} g/'s.'h. k  is thet'efore an  imminent

pro'Dletm to cleveiop  nn  inzproved method  of

we/lding  for t'nesc- porl/,:ons by means  of higher
i"e(;hanizatiow]  tti;d auttemation,  ip.･ order  to
reduce  tlie ;iianuiacturing  eost  and  bet±er the
worl<ing  cireumfst/ance.

  Flexibly rrteving  ro}.)ots ar'e rnost  suitable  for
thc) automatical  welding  ef  complex-shaped

works.  However,  in. order  to adopt  such  robots,

new  features whi･.'.'h have  eapabih'ty  of  boxing
welcl  at the beth ctnds  of  wegding  lines and  also

of  cost  reduct.ion  rfiust be developed.

  In this paper, tli'ae Arc  Welding  Robot system
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                    I'he ik]'c varel{]ing Roliot for

ratio  is 50%  and  weiding  speed  l/s 600iitrrtl
Tnin..  NarRei'tx, the reaehing  ti:,ie ta]<es 20 t]mes
mere  than  the weldEllg  time. Therefor,e, t.iie

follcwr,ng measures  should  bc devebved t'e
secure  ecenornical  eifects.

  1) The  inciirect teaching  which  is to use

robot  langt!age shoujd  be aclopicd  iR or{ler  te
avoid  iower robot  operatm,ff.  timo which  comes

froin the direct teachjfig.

  2) 
"-iihe

 rebot  langliage which  Es ttb}e to

Grdcr  weiding  tab'ks in on.e  lot shcLild  be
developed in order  to mininiize  the  ln,direet
t.enching tisiie.

2.2 ffffggher VVeldiEwag Speedi nffRst Wbemce{itakg

    eixt  of  Wekting Line
  In the cnse  of fillet welciin,es., the weldjns,

toi"'ch shoulcl  be piaeed withln  the r. ange  ei +..
I .Ornm froLn the cGrrect  tovch  position in orclei"
to keep we2ding  qi.'･a)it.v. However, the ]tiarking
line fnay  have an  a]lowanee  of  :-F 3,Omni and  thc
accuraey  of  clitti'ng of  t.i. 5,Osiirn, ofi the basis oi
JSQS (Japan Shipbuilding Quality S.tandard).
When  large works  are  welded,  the heat inpiit
causes  deformation ancl  position  shift.  Furi.her,
Lhe operaling  pesition is affected  by r'obot's.

mechanicat  error,  bend ox' iirik, backiash of  gear
and  so  on,  because  ot  using  numcricail'y'  con

trolled robot  ior reduf.'ing  toachiiig time  
'r'
 here-

fore, the ioSlowing capabllity  sheuld  k)c do-
veloped  in the view  point of  increasing ue!ding
speed  and  securing  wclding  qualitv. .

  1) Thc capabiliLy  ot  detecting tbe er}d  point
o:' weld  line by ttse of  an  are  sensor  shotikl  be
deve;'oped in orfier to complete  the  welding

2Lvtomaticail,v,          "

  2) The arc  seritsor  with  tngh  stab;e  lifnit
weiding  speed  shoulci  be developed for redue-
ing manufacturing  cost  ns  mueh  as possible.
  3) The  touch  sensing  program  for all

positions, which  is independenr' of  welding  iine

positiun aud  directien, must  be developed in
order  to detect the iNTelcling start  poinL

2.3 (]apabiEity ef  (]orrespemdience te Aa-
   teratien

  In the manufacturing  system  of  shipbuilding

industry, it is common  that  the works  are

VIull SuU--assen/,})ty 
'}1'orks

 E71

?)xought Li agitl c,;rried  oul. }tj>" ovoThead  crai}es

in  cxrcier i/o i?,eet ihe, i'iuci.tL-aino'n ct  manufactur-
 t - t
ing}' p'roceaiLzrcs, lneckmse  the alteration  oi  a

const'rLtct{on  schk･titEle p.ixl ･jesign is' inevitable
Sn t.he shipbuilail,g}g  produetieri  prc{:ess. There
fore, the "'{"ick';･g robot.s  shoulci  have  the
followgng ca;)･abl･{aty, jn order  te cheose  the

prc,eodiires ancl  tl),e pesitises o.f welding  works

anci  te t:c,rrcspo･.d  t.o cgesSgn  att'Eratiens,

  l) 
'I''ask

 teve) prograip, {.,hoald  have  the
c!escripl･,ieii wlllnE･ is not  affected  tlie workpiece

p"sivon  and  dli t.,etief].

  2> 
'i"he

 k'obo/  laBgua,ff,e should  havc  tke
i"}'llinei' of  f's'e{' e･Kvresciion  ef  the t'oordinates.

  I".) 
'l"ke

 e-:eeuiioi"i of  "vbet coiiUTol  progrant
sheuld  be done  i')y the intcrprpier mocle  whieh

rtms  concurr,  e.".iv. .r with  tratislating a.'he prog-
raiu  of  weldiEtg,.

  4) The niorit,n  lcvel pregylim  shanld  be
gen.ez'at.ed by thc- robet  controi:/er  itselif.

3. twecgxarcEsuE} agedi  exasgMtrog sf  kodeeets-
3.E Meckthscfisvtru

  As  t.be overhcE."{  e."anc ib used,  it is neces

sary  to ei'ra,ige  mere  than  two  werks  a £ thp.
same  timc, The  tr,{nnizontei  operationa!  space
shouid  be 4,5mX20.eni ber.ifuuse tha  robot

tre Lts  the iarge :･.･tib--assentbly  werks,  Articu-
lated robots  do iif,L have  sli cli a  large opfsratinn-
ai rspace  as  Enelliioned  ab'ove.  Thci'cfore, the
articulated  rebotc;  sheu]d  be installed on  the

gnn･Lry which  lu:s two  reg.tangular  axes  in
horjzofital directions as  shown  in Fig. 4 The

Fig, 4 Aphotegi'aphefthearc.weldingRobot

     fershipbuildingsub-a$semhlyworks
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motien  of  approach  and  setession  before and

after  weldifig  is almost  per･ pelldicular. F･ 
'url.hc･r,

1'bc' Tyiotiion nt.).e.ds t!ic hei,g'ht ol･' 
"al.
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                            ' t
agoNever, 'v,hen

 la'/i arc  serisor  is  usec:  tgc
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.  

'fics
 ts 

"Kn.ei;3
 :} fg,gTh.

angl/p  "  i･th we]ding  direetioik, so  that onsp  de.crree

ol  ireedem sheuld  be added.  fuloreever, smcc

t.hp second  arm  mttst  be keoL ulr･nost  vertic'aj,

tthe robot  mechanism  should  have seveit de-

g.rees of  freedom  with  one  redundancy  a3'

shown  in Fig. 6 by JIS slrinbol.
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                    The  Arc Welding Robot fer

control  of software  servo  and  weaving  which

turns back on  1OO  ms  in shortest  is assigned  to
an  axes  controi  processor unit  with  l6 bits.
The  main  processor alld  the axes  contrel

processor are conneeted  by a common  bank
memory.  An  are  sensor  which  tracks out

welding  path and  detect weld  line ends  is
controlled  by an  exclusive  processor with  1.6
bits, since  it is necessary  ,for welding  cendition

to be always  monitored,

  Table 3 shows  the system  softwa.re  con-

figuratiop of  the robot  controller  and  the
storage  allecatien  of  its memory.  The systern

program  was  coded  maSnly  by PL/M  (Program
Language for Miero--computer). Since thesc･
processor had not  eneugh  capability  of  proces
sing,  it was  necessary  that such  a  capability

was  properly distribtited to the  each  proces-
sing  job a"d  a part of  t.he system  was  coded  b},
the machine  aanguage instead of  PLfM. Also,
software  size is large., because  it must.  havfr
functions t'or the geoinetric'.al ealculations  to
generate path. Then, it was  nece$sary  to save
storage  wit'h  optimization  of syrnboi  size  etc..

 Tnhle 3 System softwear  ofthe  Rebot controiler

        

        

        

  Individuai motion  of  welciing  task  is gener-
ated  b.v sub-program  of  motion  level. Since the
exeei]tion  is the iriterpreter niode  to deal with
alteratiorrs  success,[ully,  su･b-program  i$
brought into random  aecess  mernory  (RAM)
with  ASCII ioymat of  80 charact.ers  bv  a  line as
it stands.  

'rhere

 are  ls7 teaching l'tems per
straight  welding  line ifi horizoittal fillet as

IIull Sub-assernbly Werks 173

 mentioned  at  seetion  2,1. The  total number  of

 teaching iten]s is 766 per welding  line, beeause
 87 items out  o.f 157 depend on  8 kinds of

 terminai  shape  ef  welding  line. It is estimated

 t}]at t.he total ot' sub-program  which  includes

 statements  for prograrn flow control  and  defini-

 tion of  program  is approximately  l,200 lines.

 Sinee there  are  I.hree types of  welding  task as

 explained  lat.er, sub-program  is to occupy

 about  290  k bytes of  the RAM.  So as  to

 decrease the 'total
 lines, the sub-program

 should  be of the hierarchy construction  enabl- '
 ing  to store  eomg.tton portions jeintly within  the
 data area  o2,' Rtl..M.

  The  welding  operation  is shown  by  a  welding

program  in the 1.ask level. The program  with

three lines is required  per' welding  line in order
te teach  the kind of  weldang  and  the positions of
both eRds  for t,ach  line. In case  of  a large
workpiece,  that  .has about  ii'fty welding  Iines,
t.be program  of  about  170 1ines are  required  to
wegd  each  woi'lt.pieee.  

'I'he

 size  ef e.xternal

sterage  isi 5.}'･ 2 k bytes in order  to store  1.700
lines which  L'orre.sponds  to ).O welding  prog-
raTns  per day  anf/1 3,600  lines ot' sub---program.
Tl･]e tnediim}  is a  magnetgc'bubble  eassette

which  is easy  to haRdie in the field and  has
good  anti-dust  .features.

  The  langttagc editing  lcey is set in the
teaching' pendanz' and  it can  moclify  the robot

]anguage p. rografii･, ixx order  to alter  the weiding

operation  by th<-'. robet,  The  aiterations  are

refiected  on  the robot  lmiguage program  and

storecl  an storage  by meaRs  of  its source  image,
in  order  to ada})t  it to the next  workpiece.

3.3 Wearling Ct'gxxtrgg2)

  The  arc  sensor' shoul{i.  kr;e adopted  for track-
ang out  welding  {ine. This sensor  detects the
avc}rage  weld,ing  (:urrent  la (A), the effective

weEdi,ng  current  .?ci  r(A), t'he weiding  voltage  V
(V) and  t,he wir.n. feeding speed  F  (mmlmin.)
an(l,  by use  ef  fut",ctions (l}, (2), (3), (4) and  C5),
calculatiogis  .are cRrried  e'ut  fer tlie voltage
drop  Ve  (V), the. 3rc  voltage  Vd  (V), the  wire

exterision  Le (mri", the are  length La (mm) and
the distance between  tip and  base metal  L
(ft'tlfi). 

'
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174 T.asuku YDsHrrotsu, bvtitsuyuki

  Le ='-  (Fr O.310Ia )f' (4.78X IO-  
5fe2)

  Vke==3.98× IC''3((8.0gxlOL'.vfleZ)

      × (exp( 1, .49 × 1, O- 
`Lete2/f?

 )

      -1)-O.142Le  )ra

Va ='  V-  ?Je

1ifrAMAMOTO,

(1)･

(2)

Nobuya  AKIyAMA, Hiroshi OKuts{u/RA

fii

(3)tt

  .i

di ../,5' : 
:

     
.tl

1

di ,Inclinati.on

di /Fore  nld  a'ft zngle

'

 

di =41'

e ;rvti.y

L

La ==:  ( Vd -O.e212Ia  
--

 15. 1' )/

(O,992+O.OOIIJa )

L,=Le+La

(4)

G{')

  Tb.e patth crossing.  the welding  line is

amended  b>r the asymmetrie  component  ot' 
"L"

wavg  whl,ch  fluetuates by weaving.  Trae di.gi-

ta':ce between  weldi･ng  1{ne a./nd t.erch should  k,",e

ndjusted  }]y the average  n'f 
"2L''

 fluctuakDn.

k,{oreover, the rapid  change  ol･' 
"J."

 detec'IJs the

ef.i.dfi, of- welding  line.

  
'.T･"l･ke

 au".hors tried t.o find tt]e be.st welrf,io.,cr..,

ce:,],dition and  the limit speed  for nrc  sensoy'  to

Lv' e able  to track out  as  shown  
'uj

 ?able 4. i"t.s t"l':,･e

experimental  ri.'.sult, we  goG/ .maxig]um we].{Y.:g/J

:/･peed of･ 90e  fnr,klrnin.. ffewptier, pra.tticaA

$peecl  is 6ee to 7eO  iniu,/xnin. ii' tll",ere I,s a gap

bc}LLwt.en t.he base plate and  stiffeners,  The

re3ation  ameng  +.he  torch attit'ade,  the tracking

ou't capability  o'.F are  senscr  aiic{ 
'Z/
 he b' ead  sl.iape

were  investigaiJed in tke welding  test, artd  t/3].en

the most  suitable  torck  attitude  was  deterrnir't･ed

as  shown  in Fig. 8 aveiding  
'mter'ferttnce

between  the workpiece  and  the t/ e:･'ch. The te /;ch

atti,tude  was  chnnged  gradually  from the end

Cl"nble 4 Condi'tions fDr fillet weldnv--tpt--

"eldPeEitiolls I/illetveLdVeTtitaLIWelalwnt.wntt

'Eeldspeed<mm/min>soe7oelnoo150I
IVeldcur･rentC,D3003SOj3SO150

vetzaEe(v)343S41!2 tt. L-.t.tttt..tt.
Leg (M:)55s6-e,5

I]aMnatior,angleCdeg)dS454545l
Fore&aftangle(deg}ooD crm --t -ttttr.t..
"ireextenslon(mm)zo20202: 'rT
Wenvi]S (mm)L8L5.t.sZ.5

<]Iz)3.05.0s.oZ.5t....7
-ax,traektng(deg) ± 5tF/: ±,1"in3
anglem"-mp-

Fig. . 8 Torch an  gle

part to tlie center  part in the shifting  reglon  of

20e  inm  in Ieng"Lh,

  ],n order  to decrease a  reinalninug  welding  line･

by. nsing  robots,  the weldi･  ng  in the both ends  oi

welding  l'ine was  classt/fied  gnto g L'ypes accerd-

ing to tYte shape  of  the end  and  the dist'ance

frum  an  adjacefk'L  workpiece,  The  

'best
 path of

"iel(1･ing was  determined trom  t.'he r.esult  of

inar,y  welding  expei'i, nients  ns  showp.  iii Fig, 9.

F. i,g. Ie shows  the  good  bead shape  in the

box'ing ",Tel/d.

     ----- ''-ts Air c/1:  
-''-'-'
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   /'n lddle  poin'.  /-aidd!¢ spe:/[

        L
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The Arc Welding Robotfer Hull

     Fig. 10 Adetnilatanendofwe}ding

4. Deveiepinent of  the Tthsk Level ftebot
   Language3)
4.i Patk  Analysis ef  Welding Ogeeratiens
  In general, there is a medule  of  frame space

in hull struetural  arrangement  and  base plates
are  pla¢ ed  horizontally when  weld  work  is

done, Then, the welding  path can  be standar-

dized on  the basis of  such  features on  the

sub--assembly  worl<s,

  1) The welding  work  of  sub-assemblies

except  butt joints of  base plates can  be

etassified  in three types, as  shown  in Fig. 1 1, of

straight  horizontal fillet welding,  horizontal

fillet welding  with  circular  arc  welding  line

and  vertical  upward  welding,

  2) The  touch  sensing  fer detecting the start

point is standarcEized  in seven  patterns as

shown  in Fgg. 12.

      fl'/tli
i

iiliffif,:,ii
,

"tlgi.i

i
"

/E
et

g
eLd

Fig. 11 
'I'ypesofweldinhuilslib-assernblies

x/
//.
 

'
 Y.i;;:

Sub--assembly Works 175

 3) The  air cut frofn a welding  end  po2nt to

the next  start poi･nt can  be standardized  as

shown  ill ITig. 13,

    i

   :/t

   
   
  
   reach

   

   
  
   

   
IFig. i3 Standai'(]izedapproachgngpathandleavingpath

4.2 Constgrgxetiopme of  Proguama

  The weldin/g  works  can  be taught in a  lump
nsing.  MAC]RG  which  is naade  for each  task of

three kinds of  weiding,  detecting workpiece

position aRd  clea::,ing  toreh. MACRO  is the

name  of  sub--program  which  produees  each

inotion  concerRed  each  work.  The working

eonditaons  such  as  the illdieation of  the  both

end  positions, the welding  side  and  the kind of
wegding  at  both eitds  are  shown  as  the index,
Namely,  MACRO  h.as a  facult/y as  tlie task level

],anguage. MACRO  should  be described by

Tnoi.ion  level kanguage fer easy  aiteration.

  T'he hierarehy  constructien  should  be
adepted  in the cer}imon  part for sorne  tasks  in

order  to decrease the sum  ot' sub-program.

The  hierarchy  coiistruction  ceRsists  of  inde-

pendently registered  MACRO  as  shown  in Fig.

1. 4..

"k vrd -v Y

XXbuFig.
 12 VariationsQt'touchsensingpatterns
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 !･ et  }'eli1  eondi  tiet/ r,
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             Cagea'im' gEE･th},r fom waoisamt U]am.'-

          prograln prr.)aucjn,s,' eacft. rngt:,oz,
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 he nJteg  at.io･:', c-,l

               icind  fv'･t' vv'or,'kpiece, iL shouli.i

                i-flotier]･ level ";ar!.",i.mge,
 

'I'b

 /･

         t:ransiakon  cf  i,:,},ter,prete'r mode

                1'n erder  tc deal w,lt'.lr, t.'tt.t

           werking  L,"ieid.

                of  v,,ekding.,trzfL'  taslc l.evel,

               commen  foi' all t.he weldliig,'

          difiCere/it pos:ttjons a.nd  dt/fier, er'l/

               the motisn  i/evel 
.,;,ifo,cr.rain

         des/ rib,ed  t!s nct  to 
'1]e

 ai"Aect:-t k,j'v

              th,e (ii･:,'e..e'tio.Ti ,o'I'  w,,.i.1,di".rs. n'/.

                T)ositiog.,  : sl' ;.'o//)c,･'/ 'r,'igt.'an

               ts}, ccor- dinate $y' st.eng- "asf.tc.

              T/1/e. g'eemekrica] .t'Flf:u//e,tiey.e.

           sli,o-v'vn i,i'i･ 
'Fig'.

 .1 5, shoulct' l)e

        Lo de.'{'ine pos1  ̀iorr,,. 
'b/,･,

 .s'L.L':'A n cec/rf:lo-

   svstem.  ik.s  shewn  k･: I--';g. I t.-i as  an  .ecxam;,)1{,,.,

   deiini'Lion of  positi,oi'] cam  
'iot,

 be a;･'.t'ecl/ed/ i/'･,y

              1.he pcsiti'ciL, gi  "rf.-}ldlfig ll'ne.
       he wrist  ms'tion  o/f robo't's is cont.roll/ed

                s},stem  xrix.cd to the :,'obo'L,

 Nobuya  AKIyAMA,  Hireshi OKuMIJRA
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                           ec:sM

    Fig. 15 (}eornetrical eaLculatiorv  packages

            POINTIfi(Pl,PZ,150,-80,Pa>
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               =..==::;fi2--.))

                   ..i;.'/""!'F2
                  'ttt"t'tt
             s";'tt':tt '

           P!'tig-O-....i5D 
>"E

 
P3

  tt-ig. , 16 Definiti･ o"  of  apositioTi  b.v thectlcalation

         packages

.he .t'a,lc"l,atior,i  patkages., 
'whie.}.k

 transform  thc
coo.rt'].i./[iate. vnli･:･e between the coog'dix.ai.3- s/vs-

t.e.m iixe.ai te- the r'oboi  apd  cogrdin:-.･t.e systeyi

E･xe(i' 
'to

 t.he wel/ding  vvor,  kpi,ece, a:re tc, be ad.ded

L,t. tke  EtrLstruct.2'ons o:, 
'Lkt:i

 r.oli'ei/ lait."-"u･age.

  Tri
 or'cEc),h' te 

{./t;i,eh
 the  

]Las'ks
 

;"
 2. i･me'i t.Iiie

t,",'c/11o'wing eapabltity  mustt/ l]e [11e.'trp..l,o:,.ed/

  l) L./,b-/tnu'eg. rawR  capabl/litty  x,,i:'/ic']'n, ls t'th".,e

t･.e qT.'.-o[e with  the L'algin.sr r･iani･f.'. )v{.A.CRC.

  2) (..rapa'v' igity L,e cali  Iv:,ACR(} a'j.'L f;a" 
'[be

sii,emor'}, storag'o.u di"rfi'd /r[aci.;2ty to .,nk it to
e..'xc,.cg'te.

  L'･ ) Thc. ,Japalr/ilg"'  oiS zr,gtirner'ts  tt',' shDw  t.Exe

:'t±:,t.ab･le opex'atir'ig. cov.dktion,  tCor  cxan]iJ].tt, t,ine
'i;,ctl,/･

 str].d'ts' o.f i,n,reldifig  l･ine,

g..," 
,"asi,･K'

 1[],eveE 1/'i.ian'gz･:ithg･"de'-'

  
'..'L'.f,i

 we.ett,'ii'itt prograui,, t,.s .g]Gc-v.,,n 
'i,.".

 
'].'in.'o'lt'

 5.
ns  an  exavrt/z]LIL', censEs'L･ .ny. ol' 

'I
 

'-s

 .foll'ei,vir,/,,g ie,w-
skri,/;}le-e?,.s//v v'ecitaced  eo"'ertt':･)' 

'o'
 y use  E"･t' iv!A' tC'-

lt'.'V' 
'w;'Sc-in

 t'i.n,s tl'te eapability  Df  t.h'.sk 1"evt.
/･ a...ffuatt;e.

  Ii )j 11h'L ciei'tt･T]iL'ifin ott. t3,t iiai,lie  cn  tn"e

.t'cx`,ir{kiiaLes  e{)neernige.g  i.he 
'c'
 e'//1i en5'. poin//:s oi

vs tld;'ri,g iine (1/he sai"e  v.uxnber  as  the b' oth  end

l')OiT,1'LS).

  2) The defiriition of  the tl'ir'ee. r'efererree
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      Table 5
PReG GSXli?DATA

 PI=(eg:,325,O)

 P2=C3Ge,IT40,O)

 F3={a410,32'LO)

 P4="410.T2S,O}

 Plel=Cle,O,O)Pl

 Pi02=(10.0.0)P2

 pe4=(o,o,loo)p4

 PfiG={O,e,85)P6

 P300;(S79S,5232,O)

 p31o=(  4oo,lsla,o)
 PS30=(O,O,300)P:OO
Fszo=(+t2eo.s,+44s4.6,+s4s,s)

PS21=(t3S68.5,+?OSE.e,+d9.G)

PSZE±C+13:,fi,5,+4354.e,+3T.E)
P323!C+S92e.5,,7122.6,+345.E)
DEXD

The Arc Welding Rebot for

Listefaweldingprogram
SEQ

 SET2{PS2e,P3:1,F.i22.P3!3,P3De,P3tO,

   P3el,PSILP33D

 TRANSP301,P311,P3SLPeOO,P3IO,P330

 VWtl{&r),Pl2.PTZ,Pll,P401)

 VHII(k),P20,PSO,PS5,P19)

 CLEAHERN

 SWI<&P,Ple,PIZ-1,4,4)

 SVI<&b,PIT,PIS,-1,4,4}

 CW2C&D,Pl!LPSS,?ISS,Pd,Pa,L3.3}

 SWI{&D.P3,P4,-1,4.3}

ETRAnSSTOPSEHPPENi}

poillts which  is used  to define the  workpiece

position (3 iines),
  3) The  statemerk  to qiAote the sensi!ig

MACRO  which  detects the workpiece  positior}.
(2 line).
  4) The indicatien of the direct teaching  for
the path points to deteet a  werkpiec'e  ( 4- lines),
  5) The order  of  ceordinate  ti'ansfot'matiois

and  its stop  order  (2 lines).
  6) The  MACRO's  name  appeinting  the  lcinci
of  welding.  ijne, the point mark  of the both ends
and  the i,ndex showing  the 1{incl et' terminal
weiding  (the snme  number  as  the welc{ing.

Iines).
   i

  7) The  naine  oi  weldiRg  program  anti  the
statements  of  starting  and  ending  ot  the prog-
ram  (4 lines).
  The  1,ine number  of  program  P  is determined
by the number  oi  welding  line W  according  to

the function (61

P=:= WX  3+14 (6)

  Concerning the  sub-assembly  worl(s  which

generally eonsists  ot  about  30 welding  gines,
the quaritity of  predueing  pregram  is compared
with  the nurnber  of  lines. When  the  motion  level
}ailguage is used,  the pro.u.ram with  about  120
lines is required.  Therefore, the quantity of

welding  program  amounts  t]o about  3,600 lines.
In using  the  MACRO  pregram  with  task level,
the  lin.e number  arnounts  e/o .104 according  to
function (6), that is, the  quarrtity oi  welding

program  is reduced  to approximately  1/35 by

I{ull Suiv-assembly Works L77

means  of MACR()  with  capability  of  task Ievel
language.

4.5 wtotion Leveg Langwage
(1) Controi for .Keeping Robot Arm  within  the

    Operating Angle.

  To  avoid  abn{)rmal  operatioRs,  it is neces-

sary  that the axes  of  arm  should  be kept within
their operating  Emgle  during the  whole  welding

eperattien. There//'ore, the peculiar algerithm  for
robot  mechanisin-  and  control  is added  to the
metion  leyel prc/gram.

  In the case  ef the inechanism  oi this robot,

there  are  tw() sets  of  so]utions  on  the three
ws'ist' axes  whi ¢ h perforni assigned  torch atti-
tude. [t"he m'dtuial  relation  between beth the
sol'utions are shc, vvn  by the functions (7), (8> and
(9). The  rrtar'lcs ot/1 the axes  are  shown  in Fig. 6.

   I.f- .2  =,-18eO  (71)

  l,&-,e2 li =-  l, 800 (s)

71 
--

 
'+-

 7:, (9)

  The 1)etter set  of  selutions  is chesen  and  then
the three axes  ;ire controHed  within  thos(.t

operatifig  angle.  1'he three wrist  axes  are  set in
the cen'i/er of the cra¢ h armis  operatillg  angle  and

the torch is fixece on  tke position GID as shown  in
Fig. 17. This i;]osition CD is called  neutral'

pof･sitien, In t.he ca.se  of linear horizontal fillet
wel'ding,  any  one  of  relay  position (li), @, @, or

(D, in Fig. 17  is chosen  according  to the
decision table as  shown  in Tabae 6. Then, the

      

      

      
     
Fig, Z7 Neutralpositionofwrist
      amk  wrist  revelution  to weld
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Table

'l'asukuYasm']'obtl,MitsuvuklitrTApt･IA)･iO't'O,

6 Decision table for wrist  revolutien

Weldsidex?.O

'x<oi

'Eight''@@

Left"1@@1

         *1  Looh for melding  direatlen

         *2  x  /Difr'eTencc  ol' x-compornent

             bEtweell En end  point  a]di
             a  start  point

torch is set  to the welding  posit.'i･on. by the way

ot  thre relay  posztion.

  I/ p. some  cases,  fllnction i(ICD may  be approved,

where  at  means  the angle  of  ft･ axgs  at  welcting

end  point and  a.  means  it at welding  st'art

pognt.

   f .,--
 .,1).1soO  ae)

When  the function is s.atis:-"i'ed, the a  i:".xis

rcY.'a･tes to the clirecti.on  ot  ±･ j.80" o{  a axits'

ang. 1'e in ah'  cut  rtinnin.p.  Tl'ier･ef,c}re, whe/?  t//]e

torch  is car-ried  u'p'warcl  after weldintt,  i/he

toreh is set  i･n the rclay  pof]･ition 
"Lk'`2

 sai/)e. u's

bafore welding.  Then, tYte a  :x'/'ts is i'u"ta.t.ed' tc･

a'.hp. clirectioii oi' its ori,girE, After tha'L, th･e

direction ci  3 axis  revel'uttici'i at t.h.e fiext

'welding
 are  compared  with  the direction of  it /･n

 t]'ne. Iast weldgng.  1!n the ease  of dili'erent.

 {],irect.icg, su:h  an  order  the,t' set･ s the E/c･rch i･ i-'L

 reeutra.1  pesiLu'on has to be inserttd. The air  twL

 ttkme does not  t3.ke much,  because thi･ s contr'oi S$

 done 1/.v', the processes betwee.:/i iaEl'ing afid

 ri･sing. Table 7 shc-ws  MACRO  
'ior

 tgie w!'tt･st.

 /,tevolut/ion  iR horizontal fillet wtu'ldip.g, Im ithe

 case  o.{ circular  welding,  ±.he limit. ci  centeyf

 nngle  in circula:r  arc  must  be added.  In vcrticai

 
"]
 abie  7 List of  pt'XACRO pragram  fer Earristre.volutiot,i

  MACRO VrRl{Pl,P?. PIOO,PZO, IV, IL2,&V. &1,,>

  sE'g2,IP!'TC3)[,OltiTl.ICPZ.Ii141)

PeT!"T14CP2,PldZ)

POIT{T･1{P141,P14Z,PIOO.Pl12)

PelNT]2{PllZ,al,&Y,&Z)
kG=2+aAIF
 kX GT D GOTO #FF
thG!-2ekA"FF/Pll={&G,O,O)

POTNT15(Pll.P151)
PO[NT15<?100,PISO)

-112=AC20"&A.-5),,[(?150,P151)
[F ABS{ftP-&G) GT M.5 GOTe *eG

 RETVRNt.CG/fiET

 P!2

POINT14(FIZ,Pl43)

Pl .i 4= (O, -!DeO, O)P  /, 43

iF &Gf&) GZ' O.!5 GOTO 
,}SD

POENTIiCP144, &X, l･Y, &Z>
111={&X,&Y}

POI)jTI5(PZO,?152)

V12=A(O,C),F(V150,L,1･5Z)
WWOVE  B12, /,flZ. HF9

SSOTp14sr(o,-goo-(ABsc&c}-2)llge,o)p14s

PO:Y,T15(F]45,&I,&Y,&Z)

Bl12i{&Z,&V}

ffMOVEBIIZWIiZ,EF9

&D=&GRETVMiSENDME]TD

 Nobuva  AKIyttMA, Hiroshi OKus･sul{ix

upward  welding,  the controlling  algorithm  ior

the wrist  revolution  is also  done in the simiiar

way.

  MACRO  mastering  the travp.1 gear position
f:ontt'ois  to keep  the joi'n't angles  of  rebot  arms

withj,n  their, operating  angles  an.d also  t'o keep

t]ae second  arrn  almost  perpendiculariy. Table

8 shows  the bvEA.CRe program  oi  sueh  cofitrek,

First.)..v', pararneters a  ang`  c  are  obtaines.i. us;,ng

L'}ie functiGns Ql) and  (l2), where  u  is a horizontal

L'omponent  aleng  
+.he

 weldipg  iine bern th,rist

ce!}.iier to 'torch top, c is a horizontal compunent

whicE'.- cross  tthe, weld,in.cr. Ii-ne with.  a :cight  an..le

z'.nd 9 is a forehand wegdliig  angle.  The niarl{s

are shown  gn Fi,s,. 18.

Tabl'e8 LlstofMACROpregvumiogettravelgeai'

  POSIt]Oll
     h:H'CROB,".ltPt,1,Z,&A.bF,gl)

     SEQ

     POII"T･ 16{PL P2, -T.C#&F-i18,
       

-&A"(37S-1.Z2;S&F),Pe)
     ?DINT14(,Pe,P14S}

     P144=(O,-100,O)?143

     PO,I]{';15(P,.4el,P4)

     1)O]i･iT12(P4,fiX.&Y,&Z)
     m=(g,x,kv)

     REI'UR)2

     SEND

     }HM;･D

/

l"Hig･18 t}ssitien of  centt'rotF  wristL

   nnd
 iRclination ef  toTeb.

 a==-7,ri. × di-j.1s 
i3e

 c=122 × e-375 Clgi

Secondly, tke wrist  center  position is obtained

by  means  of  the  calculatioll  package  substitut-

ing a and  c. Then, the gantry t'ravel gear  is

eontrelled  to run  with  the  distance of  abou`.'

70{}inm.
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(2) Touch Sensing

  The  touch sensing  which  detects the actual

position ef workpiece  utilizes a ieature of

which  sttb-assembly  works  cross  verticaHy

each  other  and  it senses  in parallel with

rectangular  coordinate  system  based on  the
welding  line and  the perpendicular  line. On  the
basis of  the welding  }ine and  perpendieular
lines, the points along  the sensing  path are

geometically defined as  shown  in Fig. I9 so  as

not  to be affected  by the workpiece  position  and

direction. Moreover, the actual  poillts detected
is obtained  by means  of  syrithesis  of  vector  in

the geemetrical calculation  package. Table 9
shows  the  MACRO  ior tellch sensing.

        ps
        P  1NP  2 : Velding line
   et,.)

     I p': i. ljg?: 
,:i

 r::sl?g, ,,

   .J ps:Above  
ef

 p4
    P2
                P  6 :Vertical  leg from P 3
  P9 P4
    Pl P7:Target  of  sensing  motien
--･

 Designated  posttien  l' 8 :Toucli  point
--

 Actual pasttion  P 9 : Corrf/,cted point
mp  Motion  of  sensing

Fig. 19 Geometricaleaiculationsforatouchsensing
       task

Table 9MACROSEI{PSI,PS:,P3,kLL,&n,PIOI)

SllQ&[,:=1:&L3=]/Z&L4=:&L5=S]n[,1.s(soo).F")

M[･:=$(!SCO),F(l)

POINTt2[P3,kX,&'x',&Z)

F,103=(kX,kY,&T)

ILIESI,'N,

 POIUT.l<Pl･03,P3,/,Sl,Pl)

 POINTI {PI0 3. FS, ?, SZ, P:]
 [,OilT4{P3.PLPZ.?!)

 p3or(o.o,IDo)pg

 POIIT4[P3,P9,PSO,Pt4)
 POINTgCP14,P:,&Ll,P15)

 SE]ISE P15.P12, MFL aERi

 POTNTtr{P12,PS,ltL2,PIS)

 MOVE P13, MF2
 POINTI[Pt4,Pl3,Pl,PS

 POINTg{P5.?T:.aLL.Pfi]

 5E]JSE PE,PT, MFI IERI
 POIVT ;, [P l･ S, PT, P] 2, PIOI)

 Pe=(O,O,&L2)PT

 YOVE P8,MF2

List ef  MACRO  program  for touch  set]slng

POMII(P9,Pi,PS,1i14)

PO:NTg{Pl4.PS,&L3,?L5)

POINTI(P!3,P12,P15,PI6)

COSU8 *M[!AMOV:-.'
 PZ2, stT7:

POINTKP9,PIOI,+]LPZ4)

POItJT4(P20,PIOLP:4,PIOI)

RETUIN*ER2,POINT,9(P14,P15,aLl,P!5)

M･-.iJE P:5,MF2
iEfi1,PA

 ifsE,kn O±vn]' p HIF'  ,)N
GET P3Goro

 #uEsEy
tMllAI,MeVE

 PIG, MF!

PO[NT9{Ple,Pifi,&L,LPi8)

blOVE PIa, MF2
PO[NTUP15,P!4,?18,PLT)

PO[NT9CPIT.PtZ.&Ll,PL9)
SENSE PTg,P20,MFI En2
PO[NT4C?20.Plt.P!5,PZ:)

REI'U[INSENOMEND

(3> Detection of  NNrorkpiece Position and  Coor-
    dinate Transformation

  The  position of  both ellds  on  welding  line is

defined by  

"workpiece

 coordinate  system"

which  is fixed on  the workpiece,  so  that

Hul} Sub-asssembly Vt"orks l79

welding  program  is not  afiected  by  the altera-
ti'on of  workpiecc':  position. The coordinates

transformation has to be executed  betweett
beth ceordinate  systems,  because the robots

operate  using  
"ro'bot

 coordinate  system".  The
reterence  points are  defined while  the value  of

workpiece  coordit･iate  system  is prograrnmed
by choosing  corfier  point Pwi  and  point  Pw2  on

an  edge  as  shown  gn Fig, 20. The workpiece  is
set  in arbatrary  position  and  direction within

the operational  space  of welding  robot,  The
value  of  coordina{.e's  based on  

"robot
 coordinate

systern"  Es obt.ained  by means  of  touch  sensiRg

on  Pri artd  Pr2 so  as  to avoid  the alteration  of

prograrrk. Total ･a path points for sensing

metion  of  PrL and  Pr2 are  taught  manually.

           
Yiw

            r
                        PRi XR

        y,tl･ig.i
'

illkR

lll,ll..,,,,>.;
  ]?ig. 20 Atramesformfvomworkpiececoordinate

         system  tt., robot  coerdinate  system

  Then, the  ordE/r  which  convert  the points
Pwi  and  Pw2  to the poin'ts Pri and  Pr2 is
executed,  and  tl}e value  deiined on  work

coordinates  systcm  is converted  to the value

defined robc,t. cf}ordinates  system.  All the
coordinatc  transSiermation is execllted  im-
mediately  by oniy  robot's  controller.  It can  deal
with  the alter.atioi/, of  position sitting  workpiece

immediately  and  easily.  Therefore, it is suitable
for welding  task in the stage  of  hull sub-

assembly  product/lon schedtale  which  is altered
very  often.

5. Appgi.eakgoft`)
5.1 Petforrtruance ef  Robot

  Fig, 21 shows  
'Lhe

 daily records  of  operation

hour for a certait} mQnth.  Fig. 22  shows  the

monthly  records  oi  the  unmanned  operating

hour  ratio,  the automatic  operating  hour ratio

NII-Electronic  
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1

'l'asuku
 YosHTTo"fl, Otfitsuyuki

  TuLsl run]upg  hDdr 
-V'

  4utomatrc eperation  -
  ",re tvpe  +

H  Unr/a]ned o'ieruu-/
i

YAMAM(}TO,

             
                  Patc

     Fig. 21 Dail.v hour recerds  ef  operatio]]

           -//tonat/c oPCratlO]  TatlO+

           Arc t/i/ny ra{lo  w
         v,
           tlmrav//ed opcilitlon  []tiu  -A-
        1:Or

          lp[s,gli,,gzXL･

rmr,:l

-il,iT"--il.,
              -{ Molttis t' -ff sLa't

  Fig, 22 rvlenthty recov5s  of  opes'mtEn.cr  nouT  yatib

arsd  the arc  time raiio  3gainst  tlre l.o'Lol' oljerh"L

in,cr.. houi' since  the robot  sturLtd  to o.gev'ale, Tt/'st
- - /t .
gn･N Lir.PlalZllept DDeT:.,IO.'1  j)O!El' i'atlC  i' /v),"]              '

:･nei,x'fis its'  due to n･nD,iiil')' tA'.' (jecrea.cte 
'n

 t"e

:, c) 'i lai :, uautiL},'  e  ;' opera"L'loi,1 . t, ;ell L' {) ''t･1l 
'tag

 ;t;,1'e'"･}4
 t t t t

t.i･: (., ,De:,'El, //]Tl.t.J tifiV. .: 't"aeLZ() FiLLC/･ UPIU  :.Ll,lllt:: 
,.･

 /.･,f 
･
 1,.d

l?'is }t(;.;i' r3[jc.  tl-e. f,,i･:/t'n,'!i]{')n:s 1'g;]yg/･ .x':･
'.;ec.reased

 a]ft'er si･ )t rfifiiit".ns fro:ii ;.iic t',{;),'i. cl

:'ob･.-.i. ove.ratioll.  IK, t'at]cttlon i31-t) e)'.I.,'cf/s.,ts /.:h,c

r･･';･ '.;･ ro  x･ 2'inaile i'tluLi6nEi l'i, .E F'3 BoLi･a,, ceL' ,',,.; ( i, .: , fg, l･)･t /'

of moita.hs  vlo's.sed r,it/e'r c,vers'.,{oiz st3r}.e{))･ ejr:i

/1 (b'.grt; tiTae y'atio).

  /l =-=  Lla.si..4  {- e.A.e3M [i2

ri"he
 are  time  ratio  as gettsng gr"cEwall:v' L] Z･ghe!',

and  it is now  about  55 perfepi., I'L' sl':ow.s tl,pfi..i

tle arc  time catio  is gfi ltigh !evej aiid  ls gettgn.g

h;,g"rier 
'I'hen

 the orperation  is vracL'iced ver:,,

kkTell.

  .A-bout the nbng;  mal  stop  rccord,  thv  slt"ua-

L, i･en and  tht cause  were  an:,.yzed.  T}.ie ph(x-
nomena  at  tke tig]g bevben  

'thc
 ob"or/,ti.al .stop'

oc £ vrrect  were  t'eeogrsrzed  a$  t･ouclr,3'ng oG toi.ch,

no  ?,r, c sL'artin.o and  touch sensgng  miss.  I,Iewev

er, lhe gnain  causes  which  ac:ount  i"or lf3  o;

t.he totai number  of abnormal  stop  are  
.u'Tven

 to

poor  workmanship  at the preeedi:･.g prec2ss.

 Nubula  AK{yAMA,  Hiroshi {)Kupa{uR,a

5.2 Peeremsiavg Wefidigzzg Tasla Wgffvzae
  The method  using  plural handy  type  weidmg

ffnachines  by a  single  welder  can  bring the

highest productivity for complex  $haped  sub-

assembly  works  except  the niethod  using

robots.  Fig. 24  shows  the result  in which  the

welding  task  time  required  by handy  type

welding  is comparod  with  that by robots  for the

werkpieee  shown  in Fig. 23. There  are  seme

mere  portions remaiRed  to be welded  by hand

whcn  the handy  type  weading  machines  ai'e

used  tkan the case  of  wegding  robets.  So the

mannuai  welding  
'takes

 a  let of  tzsk timae. In

cnse  of  using  robots  without  operator,  
'Lie

weiding  task tirr}e Gf  robot  cnn  be reduced.

k,loreever, t.he pfirtion remnined  
L.e

 be welded

by 1)and is sniagler.  Thus, manu'al  wcldit'ig  Lassk

zixae  deereases. 
"T'herefore,

 the  robct  wei.ding  ls

.:it,ss',ble te reditce  nbct',t 75%  oi  welding  tasl/c

L:me  ei,,eti tE,kir:g teac.'h!rig time {.-to accevixx.

 "'ig.  t13 ltt i)}:･otc･ei'at:Fi 
'){

 1+uil bul)-  tssF,emblief.

       i/o he wEkfie(i  bt, ti.,nc i'c; 
it]n,

/':- I }, :'L] Tench :' :g

   noftc]r' tra"sverse  h'an$verse  or hilge  parL

Fi,q.. 24 A  eompampon  of  productivity between robot

      welci:ag

      and  omgivaal  cne
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                    The Arc We]diag  Robet for

6. Comecgtasieft
  The  Arc Welding  RobGts for huil sub-

assembly  wo.rks  are  developed and  app]ied,

which  are  intelligent robots  and  suitable  for
individual production. They have  succeeded  to
improve  the produetivity, These  robots  have
following capability  and  can  materialize  a  new

suitable  techniqlle for individual prodiuctiolt
and  also  cafl lead to the clue  of  the secondary
   ttt  t
englneerm.o  lnnovatlon.

  1) The capability  of  task level lattguage
has been developed and  appgied  to the ship-

building pr'oduction. The quantity of  thc prog-
rams  are  reduced  to 1/35  of  the original,

  2) The  eapability  of  detgcting both the
ends  ol' welding  line.s has developed and  it
enables  to practice box.ing weld.  The welding

task time is deereased to 25%  of  the originai.

  3) The  capability  which  immediatelv  cor-

respends  to 't.he alterat.gons  of  vvorlcpiece"  posi-
tion and  shape  iR prctuctien fieicl has been
Geveloped. Irhe new  system  cfm  respond  to the
varieus  alterations  which  is Linaveidable  in
shipbuilding.
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