FxPYeatala) Fie@P A1E (1993 t 9)

Journal of the Korean Society of Precision Engineering. Vol. 16, No. 1, January 1999.

ol

r

22 1998 UIE TEY|S R SIS XY XAYHATME ol MErhstn
HFtE 2 A0t TME(S] 1 Tu| X0l ol HTEUS.

=
2

AT2|FE Ol8E =¥ ot SHEY
d38, HEE”
Robot Arc Welding Task Sequencing using Genetic Algorithms

Dong-Won Kim', Kyoung-Yun Kim"*

ABSTRACT

This paper addresses a welding task sequencing for robot arc welding process planning. Although welding task
sequencing is an essential step in the welding process planning, it has not been considered through a systematic approach,
but it depends rather on empirical knowledge. Thus. an effective task sequencing for robot arc welding is required.
Welding operations can be classified by the number of weldlines, layers, and welding robots. Genetic algorithms are
applied to tackle those welding task sequencing problems. A genetic algorithm for traveling salesman problem (TSP) is
utilized to determine welding task sequencing for a MultiWeldline-SingleLayer problem. Further, welding task
sequencing for MulriWeldline-MultiLayer welding is investigated and appropriate genetic algorithms are introduced. A
random key genetic algorithm is also proposed to solve multi-robot welding sequencing: MutliWeldline with multi robots.
Finally, the genetic algorithms are implemented for the welding task sequencing of three dimensional weld plate
assemblies. Robot welding operations conforming to the algorithms are simulated in graphic detail using a robot
simulation software IGRIP.

welding task sequencing(Z+] =4 2 %), robot arc welding(E2 % o}3 §3),
genetic algorithms(f+3 112} ), MultiWeldline-MultiLayer welding (CF8- 73 41-t158-3),
MuliiWeldline welding with multi robot( 52 % o} &34 £4)
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Fig. 1 A weldment composed of six layers
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Fig. 2 Various types of weld distortion''?
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Fig. 3 Heat-affected zone around a weld seam
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Fig. 5 An example of MultiWeldline-MultiLayer welding
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crossover(prob_of_crossover);
mutation{prob_of mutation);
evaluation(FITNESS_FUNCTION);
}
postprocess(final_sequence); // evaluate a final
// welding sequence by adjacency criterion
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for(i=0; i<= max_weldlayer; i++) {
t=0,
initialize(seed_number, i);
// initialize and select weldlines with weldlayer greater than |
evaluation(FITNESS_FUNCTION);
// evaluate by four criterion and endow with penalty
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while(!terminationCondition())  {
t=t+1;
selection(SELECTION_STRATEGY);
crossover(prob_of_crossover);
mutation(prob_of_mutation);
evaluation(FITNESS_FUNCTION),
}
}

postprocess(final_sequence);
/l evaluate a final welding sequence by adjacency criterion
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Fig. 6 Weldseams on the center frame of an excavator

Table 4 Geometric data of the center frame model

Weld seam | Number E
number of layers | Weld seam vertices(mm)

T
1 H 6 0o 20 0 750 20
2 2 20 0 20 20 164 20
3 1 20 185 20 200 730 20
4 H 580 0O 20 580 165 20
5 2 580 185 20 580 730 20
6 3 1 600 0 20 600 750 20
7 | 580 730 26 20 730 20
3 1 606 750 20 0 750 20
9 i 20 164 20 20 165 120
10 2 20 173 132 20 374 355
11 2 20 386 364 20 586 382
12 3 580 164 20 80 165 120
13 2 580 173 132 580 374 355
14 1 580 386 364 580 586 382
15 | 20 165 20 580 164 20
16 2 20 185 120 120 185 120
17 1 480 188 119 580 185 120
18 1 20 388 342 580 388 342
19 1 200 730 20 20 730 320
20 2 580 730 20 580 730 320
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Table 5 Weldseam adjacency matrix for the center frame

model

Wetd-

tine Ne. [ 2 3 4 5 6 7 8 9 10 11 12 13 14151617181920
1 0O 6 0006O0CO0CO0OO0O0COO0OO0OO0OO0OO0COCO0OOCO0
2 00 00O0CO0O0CO0OCT!I OCO0O0O0O0T1 00000
3 g 0 0 000 1VO0OO0GOCO0OO0OO0OO0OCO0O0QCO0O Tl D0
4 0000O0CO0OCO0COCO0OTL 001 0O060O0O00O0
S 0 00O0O0O0CO0OCOCO0OO0OO0OO0O0O0O0O0O00O0 01
6 00 0O0O0O0O0OO0OCO0OO0OCO0CO0OO0OO0OO0COGO0OO
7 001 01 000O0O0CO0CO0OOCGCOO0OO0OO0 T 1
8 1 00001 00O0O0OCOOOCOOOO0OO0CO
9 01009000O0COO0OO0CO0OOCO0OT!! 11 0O0O0O0
10 000O0O0CO0OOCODOOOOOOOTL 01 00
1 0000 0O0O0CO0OO0OTI!1 0O0O0O0CO0OCO0CO0OT1TO0OCO0
12 O 001 00O0O0OO0OO0CO0OOQOOO0OI] 01000
13 0000 O000O0OO0CO0CI1O0O0OOO0OI1 100
14 000 0O0O0O0OT OOOOO0OTI OCO0O0O0OCI1 00
i5 01 0100 001)YO0CO0T1 0O0O0O0CGCO0OO0OO0OO0
16 000 0O0O0O0OO0O1 1 00O0CO0O0OO0O0O0O0OOCO0
17 0 000O0O0OCODOOOCOI1I 1 0O0O0O0O0CO0OC
18 000000O0OO0COCI!I 101 100060OCO0C0
19 0O 01 0001 00O0O0CO0OO0OOO0OCOO0OO0O0OO0
20 O 0001 01 0000O0O0O0O0O0OOOTOO0

Fig. 7 Robot arc welding task sequencing for
MultiWeldline-SingleLayer
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W _Sequence = (18-7-19-6-2-9-15-8-1-20-14-3-11-
16-12-5-4-13-17-10)

57

Weldline #2 .




1_.1
2

ok

5t8)2) A 162 W 1-E-

J

Weldline #10 -

L2 A 18-7-19-6-2-9-15-8-1-20-14-3-11-16-12-5-4-
13-17-10

Fig. 8 A graphic simulation

ultiWeldline with multi robots ¥ 3| %,
the} 43 ZHo st H 9ol
A dauglEFe AXARY Y AlEa

B FE, o] §4 ¢uyFL, Fig 79 &
ok 2] &3 w7t 2, TCP o5 7 7%}
71EE olg% HET FFE ARSI B

JA Aee 500, ZEEe A7 100, 22k
Aol &L 2zt 0.7, 03, 2l FH A
AE ER & AFREEQTE B3 {1, 2, 3,9, 10, 11,
15, 16, 18, 19} 2% 1o gdgggony, &3
(4,5,6,7,8, 12,13, 14,17, 20} 23 20} 395
Ak o] 2nElEL B AAY ZEE FHY
=ME tEd o] AASULE gyt o)y
Ader AP ZRUAY FEE 1HEA %
on, 25L& ns APEA AL I o
Tg Hol}

i)
%

=M
o =
= T
g

o

j&m&oﬁ.rzi_o,é*

22 1:(2-16-18-10-19-9-3-15-1-11)
ZR 2:(17-12-8-5-20-14-8-4-7-13)

58

Fig. 9 Robot arc welding task sequencing with two
robots
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