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Optimization of Robot Welding Process
using Genetic Algorithm and Verification by 3D Simulation
in Subassembly of Shipyard

Hyun-/in, Kang

Division of Ocean Systems Engineering

Graduate School of Korea Maritime University

Abstract

This research is carried out to improve productivity of robot welding shop in
subassembly line. This is a part of full automation of robot welding shop and
it is realized as the 3D simulator for robot welding. UML and IDEF methods
are used to analyze system to be model and the analysis is to be the
foundation of simulator. Robot welding shop 1S a semi-mechanized shop. So
this shop has possibility to be mechanization and it can be simulated precisely
than other shop operated by a worker.

But there are some problems to be considered. It is caused by many
machines, non-fixed materials. The problems are determination of working
sequence and work area and these need other optimum techniques. The
concept of TSP and genetic algorithm are used to find shortest work sequence.
Simulator for robot welding shop 1s implemented to verify the result of
optimum plans and to estimates cycle time for specific amount of work be

done.
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Fig. 5.2 Genera structure of genetic algorithm
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S1=(*x**100=+=100)
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S3=(0110=*=*=*=*=x1)

271vke] 2= 0(9)2 ey, 4 27)vke] A= 0(S) = 6, 0(S2) = 3
0(Ss) = 57k "t} o714 27]vp Slo] 7k 2 Solde zevda & 5 o,
271vp Spell dAIsk= HA Y 7F A7vk S2v S3el Hle) Au= A g
o 27k A Ad e oW A7nkrh Aol s 4EY g8
=d AbgE T

27Ivpe] Aojdol= JHAY nAE HAAE A} EF Abole] YR Ao
H, 2710k 5o Aol 6(S)Z EhlAL o] AL AT|vhel xdE AFro] o
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3, 6(83) = 10-1 = 97} #vh. Ao olef /HdL ofd A7|vprp wapel] ofsf A=
& FES Aot A EY
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27)uke] g B4 tdel A 27k So AL T eval(St)E HERE 5 gtk
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o]z Mol Al 2=7m} Sell &P A m(S,t)

Zeke] A7) 1 N, or n

o Al ake o8 ZAHAC. =

m(St+1)=m(St)-n-eval (St)/F(t)
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RGN 27|v} SE Zhe 7 FE S H o] Hrh
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Table 5.1 Selection probability by roulette wheel

B A w@ | HeE: f(x) | cgas
1 (ABDCEF) 10 2 0.047
2 (DCBAFE) 2 10 0.233
3 (DAFECB) 30 22 0.511
4 (BCAEFD) 17 9 0.209
A 43 1.000

5.5.5 w A}

Aol ¥ MAEE 2L Jdo] FAHY, WAGAE At TSP A A
T ool EAA o= EAR JlEA #HE F JAFAET FastRE I
A} A A ¢ 3 2k (edge recombination crossover)S A& AT o] WAE AHARE

=

FaAdh ARAT AL )= EAA o m %
bd Aol webd SRRRAs gel AHT A% Aust FaAns A
ol QA AR A A G Ake] Al o] vhg A sk,

Table 5.2 Adjacent gene

flat bar adjacent flat bar

l, B, D

I\ E

B, D, F
C, E, H A
D, E, I, B

E, G, C

F, H

T OMMOO|@|>

I
>
m

A 10 A AR A (flat bar)E AE g @ FRY ARIAE AdHEAY
o] 4 o1 A3 flat bare 7 M HLe =AE AdEd 2 9},

flat barv= A - F oA AL}

e

)
12 o
=S|

@A 20 A Ao AHHE flat baret FZAE flat bar FolA Foldr AHH flat
bare] 47} 713 AL flat bars Agdtt. T3 A deoz A%

- 28 -



9A 3 A Ae Aol 44D WA BA 28 BE T

Edvo] dUARE RIS AGEAT. RAAMAE

2 A Az R
A e dole] T AAE W@l ALe Yass Yol

1
b

] :(ABCDEFGHIJKLMNO)
EdHe] S (ABCDLFGHIJKEMNO)

55.7 8 x4

T8 xHeEsE AYPH AYEE ALSstdn BE sy gantry- robotoﬂ Els
T 5 = flat bar= 15~30700]™ @ P2 AA7F o] wFo AlF7F A =4
Fs dis S Retoq =2 L35k Koo, e %‘;Zﬂi 13

15004t 74A & WA AT FAA
P 7] wite] F& 7 og Adel f
3 EL F7t FAARN FAA FdyE S 9k oldH HAS x|y
Z A Ave $¢ 2 wAR e AR A uz nasds
(elitist strategy)S AF-&3tSiTh. o] & A stH 743 s 7F Al A el A Abek
A g AlE A2 F Ao Fig. 58& A7t o] wat s AsbaE s
A& HogFET

distance
100000
90000 &

80000’—L|_‘
70000

_IC_>r
gEoA= dldagoel gEHer I
15

7 e AEEA 2e F oA, ®

’

2] 3]

i)

2
5o ¥
A

L di °l+N
o::‘, rlo rlo

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
generation

Fig. 5.8 Improvement of solution by generation
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73 2% 84 49 3k AEHA

32t Al EdoHE Tl A AFY BEAS HTsstn 271z gie A9
AZbE FA4E # vk PPRY JIddd © 2% Product= A%, Process® ¥4,

Resource= Z Y474 (Shop), Avlolth, TS 3xdoz %771 faide ol

Aol 3xdoz Fdyojof dty, WA Producti= A AHo] oyl g
22 BE AS HEd £ Y §FE FASY virtual shopol A A3
sFA T Processt €14 o2 4¥ Ao A AEY 2o FFH
F7tgto 2 FHET. Resourcers CATIAZ o] &3to] ndas 39 om,
Resourceo] ofg =W B AXIE o] &ate] FHS RAYs o5& o &35t
IGRIPol 2= E5 o]l&3to] Layouts At oA wsoz ¥
‘virtual shop’o°] &}t } 2 Zﬂ ¥ 4<% real shop'olgt A gth(Fig. 7.3). Table. 7.1
2 84 FAY & B3 AefelH, Fig. 7.2 Z & Z 2 M| 27} virtual shop
off ol X—*.%EJT‘:—X]E Eo%—zr%:— agolt.

B o
wo Jft ok rd

1> Hl

Table 7.1 Robot specification

AS-1 Robot Specification

Type Vertical articulated
Weight 50 kg

[ Max. Payload 6 kg

AXis 6 d.o.f

: ¢ Electric servo drive
" |Servo Drive
by AC servo encoder

~ |Position Detection |Incremental encoder

Axis Travel Maximum Speed
1 Axis + 150 deg 112.5 deg/s
2 Axis + 90 deg 112.5 deg/s
Travel & -
) 3 Axis +160 ~ -150 deg 112.5 deg/s
Maximum Speed -
4 Axis + 140 deg 180 deg/s
5 Axis + 120 deg 150 deg/s
6 Axis + 180 deg 180 deg/s
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Teaching

(laser diode) Move -> Next Seam

Touch sensing -> Welding -> Wire cutting Home position

Fig. 7.1 Welding process

Table 7.2 Robot position

ROBOT POSITION SPEED
readyO #(0,-178,246,0,67,90)
readyl #(0,-175,225,0,-20,0) 0->1 speed 200mmps
ready?2 #(0,-175,242,0,-42,0) 1->2 speed 400mmps
ready3 #(0,-122,188,0,-42,0) 2->3 speed 500mmps

0->1->2->3 -> WELDING ->3 > 2 > 1

Fig. 7.3 Rea shop and virtua shop
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Fig. 7.4 Floor and flat bar
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o ZAdaE ZYAS ol &t A el AFS WAAIH, o] AP A
Aol mE JALAA o3 o] Fojxltk. S AF O WA= 54T 4f
o}, 23y virtual shoptHelA = WX E 3 F2o] Aoz, 2L ¢
o] A 9o ghtt,

FH 1 AES QAP 224 05mm)oz Avlelo] o] FAr)
FH 2 AEe 2R Aol WL we Fan
5 30 AFol B Aol A5 Folw g ddo . (Fig. 75)

0.5m 0.5m 0.5m

Fig. 7.5 Arrangement of products

3) ABdHE &9 9GS 2RH A=) G Ft
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Fig. 7.6 Determination of the work area
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| 289600 280600 283600 1S90 0O
| 289600 215960 290500 214960 0D m | t
| 290600 214960 322100 214960 0O S U a Or
1 322100 214960 322100 221080 00 00 3 b
2 322100 221080 333000 222610 327700 221090 S
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T,
2 333050 222610 333090 200830 294600 211720 g <
2 333090 200830 327700 195750 327700 202350 e .\%‘:
1 327700 195750 269600 196750 OO S 235
14750 dBSA A/bbU AIZEU LU
| 47150 4iZ60 507150 41zED  mO
2 290100 2SORDD  ZB9BOD 290100 26SE0D
| 205000 790100 208600 ZOSGOD OO
25

Working sequence

. Ooiirnization

1 918160 -128240 314390 -128240

B

2 318150 294510 15650 297010 318150
> AIRRAN DA7NIN RIAIAN 2A9RIN AIRTAN
1 378150 161330 378150 181340 00

2 378150 181340 398150 201350 398160

JEENE

[

336490 -45790 351140 -45790

952160 -180740 362160 40050

product data

piece arrangement

determination of
each work area

BT, E) ==
L+ Hm EL &m | 1 B =

Gantry3 al\ea

Gantry2 area

Gantryl area

Fig. 7.7 Procedure of simulation
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A7t = cycle timeS At& 3t}

1 i:'120—81 2DM-G23-1P-P.cad

1 420-B120M-G23-1P-P.cad

1 420-B120M-G23-1P-P.cad

1 420-B120M-G23-1P—-P.cad

1 420-B120M-G23-1P-P.cad

1 420-B120M=-F21-1P-P.cad#7
1 420-B12DM-F21-1P-P.cad#7
1 420-B12DM-F21-1P-P.cad#6
1 420-B12DM-F21-1P-P.cad#6
1 420-B12DM=F21-1P-P.cad#6
1

T T
= =

pun pen bun i bun bun pun bun Hun Hen s 1

o
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Fig. 7.8 Output file of planning
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1 Information of product

Geometry information
Making line
From CAD System

1 Visual C++
Data handling

Setting class

GSL
Graphic Simulation Language
Data handling

Device motion

Robot Welding Shop
Simulator

Making file containing factors for

device motion
dil

Fig. 7.9 Application of planning

75 A EHA =2

=
=

F= 170 °]79

oot
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2 27122 FA4 5o dY. Fig. 7102 &%
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£8 welFu 54U deledl FYHE sr= 0 Az

rir
ﬁL
il
N
foty

=Bl HEUE AS UIER
BAY | 24 | B [SKID = s 1% =
SEE |2 | M |5 | MM | J5F | S3 (232, HHZH 5 =31 SH2 | AROUT
= Ot= il
245] 1420(B120M | 0501 1E6.80 | 219.45 | 0O0| 0.00) 1.15] 4.20| E62 620 4,46 |03-5-20 800
345] 1420[B120M | 0502 166.80 | 219.45 | 0.00f 0.00) 1.15] 4.18| G52 678 4. 46 |03-5-30 10:00
345] 1413[D22SL | 0831 296.20 | 26A.E0 | 0.00) 0.00 | 1.19]| E16| 11.22 a7 0.38 |03-5-30 10:00
345| 1a12[D2esL | os3z | o900 zemen| ooof 000 1.9 B4 1122 27 0.38 |03-5-30 1200
345] 1413[D225L | 0533 127,20 | 16329 | 0.00f 0.00| 074 365| 781 0.75 5.58 |03-5-30 15:00
345] 1413[D225L | 0855 12520 | 160.71 | O.0O0| 0.00) 0.72] 3.59| TES 0.73 5.88 |03-5-30 15:00
345] 1338[B15D 0533 | 23790 24373 | 0.00) 0.00( 1.13| 361 5.78 5,69 0.54 |03-5-31 800
345] 1338[B15D 0534 17260 | 267.45 | 0.00| 0.00) 1.93] 559)| A53 5.03 4.30 |03-5-31 10000
I

Fig. 7.10 Schedule chart
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2AERERAA 272 o]F2 &l F F BOMOZFE AlFd ta ARE

element |spart aty_p aty_s sort end_gb
Fi1 1p 3 0 0001 Y
Fi1 2 6 0 0006 Y
Fi1 3 3 3 0011 Y
Fi4 1p 1 0 0016 Y
Fi14 2 2 0 0021 Y
F14 3 1 1 0026 Y
F21 1P 4 0 0031 Y
F21 2 8 0 0036 Y
F21 3 4 4 0041 Y
F210 1P 1 0 0046 Y
F210 2 2 0 0051 Y
F210 3 1 1 0056 Y
F22 1P 1 0 0061 Y
F22 2 2 0 0066 Y
F22 3 1 1 0071 Y
F23 1p 1 0 0076 Y
F23 2 2 0 0081 Y
F23 3 1 1 0086 Y
F24 1P e WA BN &0 0091 Y
F24 2 2 0 0096 Y
F24 B 1 1 0101 Y
G23 11 2 2 0106 Y
G23 12 1 J 0111 Y
G23 [P 116 Y
G23 2A 2 2 0121 Y
G231 2A 2 l2 lo126 Y

Fig. 7.11 BOM (Bills Of Material)
75 A g#HolAd A
(1) g v ol 2 A3

U 3Ak AlE el Aol Tl s Ao A& 7
o

$2 musgrh 49 99 22 §9F 2ol W
3%

2

A

23to] Ui A $(Table 7.3, Three equal spaces)e} % dj& &g
2183 7 9-(Table 7.3, Even distribution)o]th, Al WHaj e} oA Hx &
1 0 A FL gantry-robot?] cycle time? *}o]t}. Table 7.391
27 A EAE AS FAT 4 Yt 2w A A )

s
A ZF 84%, cycle time? 10.0% & Zolv A¥E & 4 U

B
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Table 7.3 Comparison of cycle time for distribution

unit : sec
SKID Three equal spaces Even distribution
small 5621.90 5199.23
amount of work
(pieces deploy 6114.91 2632.05 5157.53 68.72
in one line) 3482.86 5226.25
8187.94 6986.39
| 7584.71 3527.71 7002.76 336.25
amount of workl  4660.23 7322.64
(pieces deploy | 7535.06 6820.71
in two lines)
7220.66 2329.13 6982.56 161.85
5205.93 6962.04
8730.69 8730.68
| 8992.97 1070.51 8542.31 145.91
amounatrgoef Work 792246 858477
(pieces deploy | 4123.51 3179.54
in two lines)
4151.83 4151.83 3499.99 610.20
0.00 3789.74
2169.24 2049.17
| 2318.57 945 .21 1916.22 132.95
arge
amount of workl  1359.36 1918.79
(pieces deploy | 2200.33 2002.17
in two lines)
2341.34 1243.57 1976.54 146.95
1097.77 1855.22
Difference

4500 1
4000
3500 |
3000 -
2500
2000 -
1500
1000 |
500 |

ot

L

1

O Three equal spaces
W Even distribution

L L

Fig. 7.12 Graph of difference for working time
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(2) &3¢ A= e A3

T A AFE GAE o] &% #AY &A47F cycle timeol] WX = ZAdolt), o]
Al F A RS v dhvbs ded] flat bart 9 SAHE
st= 7 9-(Table 7.4, Arranged seq.)o]th. o] A&  flat bard 4 7]
Awole]l Sl Fodes FAUR AHS e Aol v sy Ay
dxet=d slol GAE H83% Holtk (Table 74, Using GA). Table 7.49]
Reduction& + 49 A4 AS vlud Aolw, 24 Azke] tiid Ao
AR keI S AY BEe HASE T A9 A 124%,

cycle time9] 15.0%& €°lv ad4& £ F JA.

o 2
o it

>
o 2
ku

jutnl
oA

N
>
il

Table 7.4 Comparison of cycle time
according to change of working sequence using GA

unit: sec
SKID Arranged seq. Using GA Reduction
small 5199.23 4822.68 -376.55
amount of work 5157.53 5064.83 -92.70
(pieces deploy in
one line) 5226.25 4860.69 -365.56
6986.39 6713.67 —B72 72
| 7002.76 6617.49 -385.27
amount of work 7822.64 6670.65 ~651.99
(pieces deploy in 6820.71 6623.80 -196.91
two lines)
6982.56 6708.57 -273.99
6962.04 7018.55 56.51
8730.68 8438.03 -292.65
| 8542.31 8229.98 -312.33
amount of work 8584.77 8522.05 ~62.72
(pieces deploy in 3179.54 2994.48 -185.06
two lines)
3499.99 3399.44 -100.55
3789.74 3336.94 -452.80
2049.17 1926.67 -122.50
1916.22 1811.16 -105.06
large
(pieces deploy in 2002.17 1719.66 -282.51
two lines)
1976.54 1800.40 -176.14
1855.22 1606.25 -248.97
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