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ons generally follows the same besic sequence as any - < 0 be. honest in answering questicms frcm the worke.

oﬂmmﬂchﬁngm.m,ﬁamv:mqm "-mmmmsiwmimm.{nin;ofn E
m:binatia‘xsteqxdmmapedalmidenﬁmsﬁx. ficient staff to cover all shifts and give them -
succesful application |10]. tools necessary to do their jobs, i

3 . -homemmimgimumandmldualtemaﬂ.vut
. The use of in -
e e e, ety Ml ey (220, 2 etostion ot oot stemmantens <
from this fleld and existing data are very poor-and -'?‘mﬂm‘mm,ﬁm'ﬂ”’eﬁ”’?
unattainable |1,2,3,5.6,7|. S : -tostart'wiﬂ\ﬁ\esinph applications (ocrollary o
Today’s shipbuilding industry 1s characterized with Muhpy’s lav says "If you have S0%-50% chance of &
gtsatparﬂ.d.patjmofdimcthummkmhaxd,dm—' ‘wss,t}misa’ﬁldanoa'off.au.\ne'.)' ' )
gemﬂg?mw&m.mmmmmd;}:e-v ,Itiscbviasu_ the of i bot applic: -
replacerrent of haumans with industrial robots or with m_ship}vaxdlsoepelﬁentmﬂnetfnrtszno‘ehoagp%ﬂ- -
other automatic machines in a great mumber of these aaovecu;]i.de?ttms.kryﬂumlwsﬁ\mm:dmoen“;
working places, The operations of surface oleaning, o to ° aove could result in sowe degres

surface protection, coating, painting and welding are failure. .

today’s industrial robots. ) f " 2. THE ANALYTIC HIERARCHY PROCESS

The strategy of industrial robot introduction in shipe wmmmmmf“’m{
atdshastobeadaptedtoe:dsﬂnguoﬂdngcaﬂittaxs. carplexrmlinea:-pmbla:a\dudlfaedcec_mm.-,-.

and introduction has to be dme gradually. The experien- hﬂt:sttialplaqtcmbedesaijedasamgmw;m
wmmm",lo'mﬁmmtﬁnﬂmm ofintetactianacwr.ltisarntﬂoﬂ:ofLacbo:swh

’imitalledatanylocztimisthemtimxtmt,md camandeffectsammteaﬂy.idmtiﬁed. Naariz

this fact was our motto throughout entipy ect and of us have been brousht up to belive that clear hia.

investig; .Qmefﬁorwinthispmjectp:uzorimted loglcal thinking 1s our only sure way to face and co
directicns: . ) ) cmplexpmblum.&xrfaenngsmﬂaxrjtﬂgnmm
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and operations, _ 2o mtmhml,nomhawtobetmknd,andfo:ah(

= to include workers and forewen in project and 80 to un,beﬁgzummdoitwu. o o

mﬁmtdaamdmﬂuﬁe-lﬂmtmmm It is generally beligved that because the indstria’
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|8, )Imsuchapmblmsolving fra::;v:rk. Itisfqrs—
benrticpmm&neforquesmung elements of any
prozlem. Itozgmlzsﬁnbasicmﬂmnlitybybmaldng
dowa a problem into its smaller constituent parts and

nations. It provides -
withﬂxeinud.uve,thenuaxalaxﬂﬁmuraumalin

‘us all at the same time. It is a rethod we can use to .
integrate o peroepdalssﬂptnposaimmoveran,
syrnthesis, The Analytic Hierarchy Process does not
-recqudre that judgments be
m-degxeeofmisbmqofﬁnjudgmuumdd
‘at the end of the process. .

3. Construct a set of pajrwise

baing
are squal, a one is assigned to both positions.

-4.Mxeuen(n—1)/25uijumtstequedbodevelm

;,nmm-aaemﬁnpaim.se

the set of matrices in step 3 (remenber, reciprocals
are autcratically assigned in each palrwise compari-

son) .
caparisons and entered
. the data, the consistency is determined using the
" .eigenvalue (M-)‘mxvisdetennued The consistency

mwmﬁnd@amtmeofxmx
pared with corresponding average vahmformﬂan
entries yielding t:heccnsiste\oj ratio, CR).
Steps 3), 4),-nd5)amuerﬁomed£6ranlevelsaxﬂ
clusters in the hierarchy.
Hierarchical composition is now used to weight the .
eigenvectors by e weights of the criteria and the
‘sum 1s taken over all weighted eigenvector entries
mamdingmdmmﬁaem:twlevelofﬂn
hierarchy.
&mmofummumw
nnuplyima&mmwwpquof

be. cngistent or even truidva.-

Itishpmtmttomeemifueacnnnyhadﬂn

nommalize these mmbers, form their ratics as
above, and solve the prxblen. We would get the same
nutbers back, as should be expected.. On the othexr hand,

1f we did not have the fiam mxbers we could estivate - ..

- their ratios and solve the prcblem.
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3 Moderate importance of Experience and judguent

tivity over another
7 v::ymwlnmﬂﬁtyismy ’
B favored and its dominan—-
) ce 18 demonstrated in -
: practice
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- one activity over anot-
her is of the hidhest
", possible cxder of . - -
. £irmati i
-2,468 Intermediate wvalues - mwn
~ - between the two needed
adjacent judgment - .
Racipro- If activity 1 has one-
- cals of - of the sbove non-zero
above . nurbers assigned to
non-zero it when oonpered with
mubers’ acdvityj.thmj -
nhn\heamxad
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CPERATTIONS IN SHIPYARD

operatiaxsinﬂ:ipgazﬂsmvexyinputmhu\i,
.dmgexousandfatig\ﬂng)cbs These operations cover
_aproximately 28-30% of overall cperations in shipbuil- .
ding , and about 38-40% of energy consumption
A-mshi.pyaxdsls,'” FRor these reasons mechanization or
even robotization of these operation have to-be one -
_'ofﬂzevitalwa]sintemsofimimpm&nuvny
andefﬁectlviesindﬂ;b\nldhxgmuy

Welding operations in Sﬁ;buildi.ng indusuy "q)nt'
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ticns, and these' loceticng are as follows: ] @n;mngh'mn?phuh_wofm-
I.Amm‘(thiphun { - . tiss gives - m}o global priori nua,gn-
bl ) mttn:um) : (Table 4.). : -
.m-wmm Mhz.hq-l.htotpdmtﬂuofmofaim
'P-mYnﬁ,'_ ! L -
::M?lm' . - Rang - Pactor o.fc;iuua. Priority vector .
2. Area O (all other locaticns): . T 1. sar - 0,30
-- K& crana vheels, B . o ; : ; T e,
e , ST 2. - PRO . 0,2060 =
m-mmb@m,‘:‘ k BOO — 0,1810%.. - -
. ﬁ:f”@‘“mv. - - A T . .- 0093
. exchangers : : |
mmm@mywmm 5. .10 _0;10675 o
__q:e:nummm“my investigated. 6. PSY 10,0495 -
mmotmspmdwtubmmd:mmgb- 7 '0!
) Ammcpenﬂmmdnéefotﬂnﬁntappna- e soc - 0,086
dmofimmumﬁrm.mfiutweph: .- ; : -
Wﬂmptm:@p]mm.aahm. - - . s : .
'mﬁnﬁmleMdﬂnMemd:yh&amugmh ;'w.s.l’mmmiofﬁnﬂnm-’_
;-'auuvmhcuganmhﬂa,mmﬁnhst,ﬁzud' SoC - PSY
: .Ahnl mmloaumdﬁdadmbnm (E}g.l.). B o v, BT o- v.p. 7
s ’ i
= o~ .1 7 085 . Br. 1 s o,8m e
gwmmmgm 2 V11 oas -0 s i o6 ol
st wse] o fex] far] [eo] [a0] =~ or v.p. B0 .vaeS
— r T Br 1 .5 0,83 BT 1- 5 0,83
B - | : 0 - s 1 0,166 P 15 1 0,166
l - \—l A Fy N
- SHIP HL (BT) [ OTHER (@) . : saF : PRO
w|{w|r| x| s xl.mlm a».lv'n' - B 0 v, B 0 wve.
Hg.l.wﬂmttmwnaww B 1.7 0,87 Br. 1 S5 0,833
B ety . 0. 7 1 -0, .00 5 1 0,66
— Factors of criteria are: - ) :
= soclological factor, fluctundtion . s : - =
-Wsm,mum psy), . BOD
-\ozhansafaty&ctxri&ﬂ, BT 1 ‘- 0.8
V-pmdxr.uvityfad:r(l’m), . . 4
Q_‘-wmrmn N .0 1/4 1 0,2 e At .
mmnutym.ct,'c&u is'on .
Table 1. Rang-liat of of of cri- :
eenuumw.g. R mmmmamwam.mm
R . otuioriﬁuﬁotdadmﬁnmofgldnl
Table 1 mmmn&ma priarity of main areas ;
S0C_PSY T00 ™I saP-PRO B o R c.P.v.
- . . 0,0286 0,0495 0,0675 10,0931 0,37240 0,2060 0,1810
2S¢ 1 M3 W3 M 1T e s 0,0286 - - - -
PY 3.1 12 13 5 w4 14 o405 - . |BTo,87 0,993 0.833 0,833.0,875 0,833 0,8 |o,8437
T3 T2 1 a2 e asoam 0,0675 [0 0125 0,166 0,166 0,166 0,125 0,166 0,2 0,1563
4T3 2 1 oo 0,0931 '
- : - - Pairvise ratrices for five locaticns of area
P75 4.4 3.4 0310 DT, and for five locations of area O for main fou. (oe
PO 6 4 3 3 /3 1 2 . 0,2060 m)ﬁcmofmhm“onrablus.mds., .
BD S5- 4 ¢ ¢ 1312 g 0,1810 " respectively. With applicationof the principle
— . g of the composition of priorities on both areas
- Palrwise conperison metrices of the main areas (BT and the global area Priority vectors are dexived
0) for all of cxi oa Table 3, 1 2) : : .
1‘ ' T . .- o 32 -3 .



T o Fairvise comparison matrices for five Table 6. Pairvise comparison matrices for five
locations of area BT for main four (of seven) .- . " "ldcations of area O for xain four (of .

factot- of criteria .. ) seven) factors .of critexis - .
’ : __SAF - ' LT .. __PRO - B .
S F werw ve . - . K. -AD PM CP. IT W.P. SR
8.1 1/2 3 “1/31 0,135 - A1 3 "5 3 .5 046 .
. . N 2 1 4 1725 0,302 AD 1/3 1 1/2 1/3 .2 0,108 . LT
N - r 1/31/4 1 1/5 1/3 0,056- PM 1/5.2 1 173 1 0,109 __ - ..
P 3 2 S 1 3 0,38 P 1/3 3 3 1 30,2437 ST

w1 1/5 3 1/31 o.117 ‘I1/51/2 1° 1/3 1 o,079 . -

. CT=0,054 cR=0,008 3 = 5,215 - a

= 0,064 CR = 0,058 2 = 5,258

- § K 2P M v.p. K AD PM PC. IT -V.P,
"8 1 1/4 1/31/5 174 0,055 . .kl Y3 1514 1/30,056 - o
B4 1 1/21/31/20337 ‘- . . AD 31 w312 1 a3 '
L 3° 2 1 17217300165 .. : PM 312 3 9,38
P S 3 2 1 '3 ¢ol37¢ CP4 27 121 5 o302
42 325 el T3 1 1/31/5 1 0117 .
. CI=0,056 CR= 0,052 A = 5,232, - CI = 0,054 _ch = 0,048 3 = 53213'3-.' =
o § WM P W v.p, . - X""AD PM CP TP VePo - -
ST 81 Y3 s 1/e 2 o,018 . g K1 ‘1/3 1/4°1/4 1/2 0,067 . -
< ¥ 3 1. 1/3176 2 ol13s A3 1172 1722 olis0. ..
s 3 1 172 3 o285 PM4 2 1 23 038 . - .
- P 6 4 2 1 ‘& o043 - 4 2 321 3 o219. C .. ..
y WP 1/21/2 1/31/4 1 o072 IT2 31/2 1/3 131 o007 . - -
€T = 0,064 Cr = 0,057 1_ = 5,257 CT =0,024 CR=0,021 2 = 5,095 .

TCI L -‘. 7 . i T : . ' * - m X - s

- 8- "W P P Mp v.p. K a0 P cp IT V.p.
§ 1 1/3 1/4 1/5 174 0,054 . ‘K1 1/2 1/5 1/4 1/3 0,061 :
B 3 1 172 173172 0 AD 2 - 1 /4 173 172 0l095 -
-4 2 1 1721 ol214 : S -4 1 23 om2- .
e S 32 Vv apoan - P4 '3 1721 3 o285
oM 4 2 1 3 19'3q " = IT3- 2 1/3 1/31 0,147 -
o € = 0,088 cr=0,008 2 5,35 |- €I =0,030 CR= 0,027 3, =S,

Table 7. Dcrivlnq the global . area priority v-ctorl

" [o,0288 0:0455 9,067  0,0931  0,3740  0,2060  0,1810 S oai,oT area |
- ] s lo,053 053 0,044 0,054 0,135 " 0,055 0.075 | 0,0875 |
K _[0,142 0,09¢ 0,268 0,121 0,302 0,137 0,135 |. 0,2037
e 0,156 0,155 0,384 0,214 0,056 0,165 0,285 | o0,1645
p_lo 455 0,432 0,102 0,270 0,389 9,374 0,434 | o0, 3675
M l0,195 9,266 9,203 0,301 __ o,117 0,270 0,072 | .0,1768
. isoc PSY T = rcx SAP _ - .. pPRO ECO ,
o - Glodal O area n
_ 0,0286 _ 0,0495 __ 0,0675 . 0,0931 _ o0.374 . 2206 0,181 | priority vector -
1K lo,076 0,111 0,060 0,061 0,056 0,465 - - 0,067 | o463 |
Ap 10,076 . 0,111 0,135 0,095 0,135 0,105 - 0,180 | 0,1303
Pu_|0, 465 0,202 0,466 0,412 0,389 0,109 - 0,368 | 0,327
ce_lo,214 0,507 0,236 0,285 0,302 9,243 0,277 | o,26868
T -|o,169 10,069 9.203 017 0,127 - 0,079 - _ 0,107 | 0,2090

< . ’ o : ) A ’ -

-
-




:::‘11{ t:kj.ng in account priorities of areas’ The new factors of orttoria are:
Priorities of locations in areas the glob- ; - drment - : -
. al priority vector of all the locations occu- ::g R veim: geonetryl, bilit ’
: rs (Table 8.) and rang-list of the priorities SAP - vaf t 8 approac Ye
is on Table 9. Prom Table S. it 19 obvious th- LEN - 'atgmy't lenght L
. At locations from area BT are on the top of o %0 7 weldments lenghts. ' 0 .
.. pPriorities, and that location P {assesbly 1ine) Pairwise comparison matrix for now- feoters o
is absolutely on the first place with "weight- . criteria with appropriate CI, .CR,- Apay ind gz
ing factor® of 0,31. The conslucion is that - Jority vector is on Table~10. i
location p (assembly iine) frcm area pr (ship - R S ’
hull comstruction) te tk: pight looation for .  Table 10. Pairwige rison matrix for rnow
the firet application of {ndustrial robot om - factors of criteria - . R
velding operations in ekipyard *spiit”, : . i
. Table 8. Global priority vector of all the = :
N . B GEO ~"App SAr TIRN V.?.
N o, locations ) : — ;
. - area priority global |- gﬁg } 1{‘ g 143 g':g;’ .
P . - priority vector - priority - - . . -
T T ) ‘vector -  of locations vector - - SAaF 172 1/5 1 1/3_ 0'985 i
- - . . in areas : LEN 3 1/2 3 1 0,230
~ . e ——— g - - P
3 0,0875 - 0,0738 CI = 0,019 CR= 0,021 A = 4,056 . ’ b
1l = . 0,2037- ©0,1719 i : : Looom
-~ . BT 1P .0,8437 0,1645 . - 0,1:388 . Pairwise comparison matrices for four groups
g 3 P V00,3675 - .. 90,3100 -~ Oof ship sections for four factors of cxireria
. . MP. 0,1768 . 0,1491 " - __are on Table 11, AR e e
i ~T “~Appiication 6f the principle of the codgosi-
IR b 3 . 0,1463 . 0,0229 - tion of priorities gives the global prioricy
- - AD. - 0,1303 0,0204 vectors of standardised sections (i'=blq 12},
‘0 PM -0,1563  0,327¢ 0,0512 IR :
e . 0,2866 - 10,0448 " Table 11, Pairwise comparison matrices for fo
-IT 0,090 0,0170 . ur groups of ship hmll sections foo
- — = - - A four factors of criteria
Table 9. :;:q-lit:i of thc priorities of all L = R I . A
: o ——— <. R 1 2. 9 0,525
s . i Yang . location «Area - global . RV 1420 1 5 -8 0,344
. - : ) ’ . priority- TP 1/6 1/5. .1 .. 2 0,082
B ) vector - v 1/9 1/8. 172 1 0,047
E r = A CI = 0,015 CR= 0,017 a_= 4,045
3, »p ‘BT 0,1491 e i .
A 4. - Ip © pr "0,1388 —APP. . :
o S.- 8 BT 0,0738 I RP RV IP.  zy V.P.
) PP 5 pics o 3;32}3 ' RE 1 .6 2 9 g,
. . 8 X o . 0 022, RV 1/6 ¥~ 1 1/5 2 9,086
| 9. AD - o 0:02“ P 1/2. 5 ) 5 0,319
10, n' o ; 0'0170 B v 1/9 1/2 1/5 1 . 0,055 .
. . R CI = 0,017 CR = 0,019 A, = 4,053 -7
1 The technological process of welding operations . sAF - . .
on location P is based on the production of re-~ - m— 7
- latively standardised ship hull sections, grou- RP° PV Zp v v.P.
ped in four main groups (Fig. 3)s
©- RP - flat stiffened séctions, R 1 5 2 7. 0,528
b I QR et A O A
- 34 : : . .
¥V = irregular space sectioms. ST O17 .12 173 1 olo73
.If we chose these groups of gections as alterna- . - - —
tives, and 1if the new factors of ‘criteria could -CI = 0,028 CR = 0,031 ) = 4,085
be defined, the new three level hierarchy occurs . LEN ..
(rig.2). : - . : -
N . i RP RV p v V.P.
priority group of ship - RP 1 1/2 S S 0,322
hull sections for the RV 2 1 .7 7 0,538
.first application of IR 2P 1/5 1/7 1 . 1 0,070 - o
on location P Zv 1/5 /71 1 - 0,070

C e e b

CI = 0,005 CR = 0,006 A, = 4,016 .

D S—— ) ) i .
. Fig.2. Decomposition of the problem as a iz~
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Table
- . composition of priorigies ’

GEQO  APP . SAF LEN
.|0,128 0,497 o,08s 0,290

l G.P.V.

RP-10,526 °
RV 10,344
ZP |0,082
v 10,047

0,540
0,086
0,319
0,055

0,528
0,105
0,294
0,073

0,322
0,538
0,072
0,070

0,4740
0,2517
0,2143
0,0599

The results derived and presented in Table-12.

show that on the priority location P (assembly

" line) the. priority sections for the first app-

"~ lication of industrial- robot for welding ope~ -

~ 4.1. GREAT PORTAL ROBOT

_4- OPTIMAL STRUCTURE AND CONPIGURATION OF

..-nnected in one entireness. These

rations are flat stiffened (RP) and regular
space (RV) sections. -

INDUSTRIAL WELDING ROBOTS/MANIPULATORS
ON THE PRIORITY LOCATION P (ASSEMBLY . -
-LINE)

P (assembly 1line) the next decision occurs:

After detailed analysis on the priority location -

" The robotisation of welding operations on this
- location has to be realized by two different

types of robots/manipulators: L
l. Great portal robot for welding of butt
~and fillet weldments on floor, vertical
and horizontal positions, T
2. universal portable lightueight robot for
fillet overhead weldments + but also for

all other types and positions of velding..”‘

The basic assiqnment of great portal robot is -
welding of butt and fillet weldments on floor,-
vertical and horizontal weldments on location o
P (assembly line). - -

Manipulator of such a robot has. two main parts,
constructively separated but functionally co~ .
parts are po--
rtal ecarrier for two-dimengional X-Y position-
ing-of manipulator arm(s) snd. flexible arm(s)
with appropriate welding equipment (Pig.4)." .

. The dimensions of the portal carrier are defi-

. a), The robot is constituent part of the

ned with dimensions of standard sections, and
typical sections (Fig.5) 4n Shipbuilding indu~
stry "Split™ have basic dimensions as follows: .
. lenght 10-14 ', extremely 16 m

width °  6-12 g, extremely 16 m

height 0,85-2,5 m, :

The maripulator arm has to be very flexihle, -
with 5,6 or even 7 dearees of freedom,; of ro-

bust construction, with all necessary welding
* MIG/MAG equipment, actuators, sensors, etc. :

(Fig.6). . .
The very different dimensions and shapes of )
ship hull sections and appropriate weldments -

© make special requirements for programming and

control of portal robot. The complete exploa-
tation of portal robot possibilities could be
achieved with off-line prograsmming, and two di-
fferent approaches to thisg goal exist:

ter system for ship hull design. All the .

‘data about geometry and dimensions of a se— . mrming and control for such a robot has to -

ction are directly communicated to rcbot au-
tomatic control system. This is CaM (comput-
er aided manufacturing) system based on CAD’

(computer aided design) system for ship hull
design,

b) "Other arproach is, in fact, a compronise be~.

tween hi-tech robotized productioa and a -
relative primitive design stage. - i

12. Application of the principle of the

’ etc.o

52 - 6 oL

The data about ‘qoautry and dimensions of a
. Section are taken from documentation and

cormunicated in the memory of robot;num-. .

tic control system.

Off-line programming is also used to carry in -
all the data about welding method, welding ve- -

locity, initial and final weldmént poiﬁl’,_

i — -
4.2. UNIVERSAL PORTABLE ROBOT

The primary task of universal portable robot
1s welding of fillet overhead weldments in
space sections but also all other types and
positions of welding. .- i

Basic characteristics of such a robot are ag ,

follows:

) lightweight: - the robot must be compact and

portable to weld in confined remote areas,

'B) versatility: the robot must have multicha-

nnel control and the ability to do out-of- .-
position welding,. : o

e) reliability: the welding environment requi-
res equipment that is rugged and roligblo_.

d) ease of operation: Muu of nonrepetitin

nature of shipboard and heavy industrial
‘welding, e -~ -

" @) serviceability: the robot shuld be of modu-

lar construction for ease of repair, .

f) safety: the robot must be taught in confin-
ed areas without danger of harm to the..
operator, ' o S

Nanipulator of such a robot has to be of te-
lescopic type, with four main degres of free-
dom: tramslation Z, rotations O, § and ¥ and
with rotation 3 of welding gun gripper. (Fig. *

7). Working area is aproximately presented on

Fig.8. Schematic presentation of typical wor-

king operations of such a robot is presented
on Fig.9. ~ -

"fehnical characteristics of ‘universal portlbh '

lightweight robot are on Table 13.

' Table 13. Tehnical characteristics on univer-"

sal portable lightweight robot -

Trajectory 'ﬁeach—in‘
velocity -
Welding velocity

- }000 rm/min

0 - 1000 ym/min -

Accuracy 5 | mm WY
. _Manipulator mass 30 - 50 kg N
- Melding qun mass . . & kg =
- : Working area
* _Translation - 250 + 890 mm .
Rotation 6 ¥ 450
Rotation 6 ° ¥ 4s°
_Botation Y ¥ 180°
‘Gun gripper + .0 -
—Iotationd = 45

Process with three phases: °
I Programning phase consists of instructing -
the

robot on the sequence and types of velds -

to be performed, welding speeds, weaving pa=
rameters, voltages and vire speeds (these .
settings are done on the ‘Progranm panel in _
the control umit), s



.
o g

.. The co!

[ II Teaohing phase eonsists of first moving the 3,
.~ welding gun into the initial position and
then moving the gun along the weldment tra- °
jectorxy by oxpariencel operator. The weld-
- Bent trajectory hz: to be stored in control
- unit ammory. If desired, the program can be
checked for accuracy by quickly ruaning thr-
ough the program ana observing the motions . - 4.
- of the arm before welding ie started. )

IIT Welding rkase consists of welding the desi~ §
. red weldment vith'w g program from the ¢
phase I, -and by repetition of trajectory
teached in phase II. o : -
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B ' rig. 8. Working area of universal portable -
. T - : - “ oo

‘ -A!-':I‘.q_." 5. Typical ship hull section . -

: ’:Fi_g."s. Flexible portal robot am

R .'-'i'ig.fs. Schematic presentation of typical

working operations of universal

B portable robot

Fig. 7. Universal portable tobot e
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