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Development of Multi-pass Welding Method for Lifting Lug by Robot Weaving
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Abstract

A welding process of a lifting lug for lifting heavy objects is one of the important welding processes
directly related to the safety in shipbuilding. Welding a lifting lug is done in the manually and takes
about forty minutes. Working environment for the lifting lug welding is very poor due to an radiant heat
and a harmful fume. The purpose of this study is to develop methods of multi-pass welding using the
lifting lug welding robot system. This study shows robot welding methods to achieve proper corner,
straight ‘and connection welding and an effectiveness of application.
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Fig. 2 Photograph of lifting lug
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*Design Factor.t, 8, R.F, R.G
*Command Factor: L, Ly, Ly
*X=(t—R.F)/2, Y=X-COS ¢

LUG L1 L2
TYPE (mm) (mm)

A40 90 440
AB0 115 500
A60 145 590
AT0 155 620
i A85 115 560
Ly A100 130 590

L, : Bracket

Fig. 3 Schematic of one-side cross section and
length for lifting lug
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Table 1 Design and command factors for lifting lug

Design Factor Command Factor
LUG t t/2 S} R.F R.G X Y LA L8 LT
TYPE | (mm) | (mm) ™ (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)
A40 30 15 45 6.0 0 12.0 17.0 14.0 14.0 9.9
A5B0 30 15 45 5.0 0 12.5 18.0 14.5 14.5 10.3
ABQ 30 15 45 6.0 0 12.0 17.0 14.0 14.0 9.9
AT0 30 15 45 4.5 0 12.8 18.0 14.8 14.8 104
A85 40 20 45 10.0 0 15.0 21.0 17.0 17.0 12.0
A100 40 20 45 8.0 0 16.0 23.0 18.0 18.0 12.7
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Table 2 Comparison of welding condition between manual welding and robotic welding
Laver Amperage Voltage Speed Heat input(kJ/cm)
Y current(A) \% (cm/min) min max
Manual Root pass 170-240 22-28 10-25 9.0 40.3
welding
(W.P.S) Fill & Cap 220~420 23~40 25~170 4.3 40.3.
Robotic Root pass 340 35 30 23.8
welding Fill & Cap 320 31~34 30~40.2 14.8 l 20.9
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Fig. 5 Schematic of expected weld defects for
combination of straight and weaving welding
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Fig. 6 Recognition of welding point by robot touch
sensing
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Fig. 8 Photograph of robot cart

601



48

A9% - 93% - ANY - BN - A5E

Table 3 Description of robot cart

Size 1885(L)*x1000(W)x1816(H)
Weight 845kg
Travel speed Max 4~5 km/h

Front and rear, Right and left,
Diagonal movement, Spin turn

Direction of
traveling
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Fig. 9 Working volume of 6-axis robot
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Table 4 Description of 6-axis robot

D.OF 6
Weight 160 Kg
Payload 6 Kg
Mechanism Type Parallel
Horizontal Reach 1,485mm
Controller DSRC

Table 5 Description of 6-axis robot controller

CPU Board Kontron CP605

Motion Board MEIXMP-SyngNet-CPCI-uD

Serial Board Advantech MIC-3612

DIO Board NI PXI-6515

NI PXI-6229

AIO Board

» P#1

P
,.x_;’\\;‘

(30~45%, 300 ¢~ A\
Y

< @)
(30~45°, 30 % .~

(30~45°, 0°) (30~45°,0°)
Torch angle : (Work angle, Progressive angie)

Fig. 10 Robot motion at corner section

Table 6 Welding condition of corner welding

Pass | Straight/ | Robot | Work | Current | Voltage | Speed
No. | Weaving | motion | Angle(®) |  (A) V) | (mmy/sec)

@ 45 280 30 5.0

1 S
2.0 45 280 29 5.0
@ 45 280 29 5.0

2 S
@0 45 280 29 5.0
3 s oy 30 280 26 6.7

2.0 30 280 24 10.0

Journal of KWJS, Vol. 25, No. 6, December, 2007



28 A 93 gz g ohe 48y A

49

Table 7 Welding conditions of straight welding

Pass Straight/W P-POINT(mm) Work Current Voltage Speed
No. eaving X v 7 angle(®) (A) W) (mm/sec)
1 3 5 0 1 30 340 35 5.0
2 W 13 0 2 45 320 34 5.2
3 4 14 0 3] 45 320 32 6.0
4 S 16 0 7 30 320 31 6.7
Table 8 Welding conditions of weaving welding
Straight, Bottomd
Pass No. ralg / Width (mm) Pitch(mm) Angle(®) Speed Walld well O. omdwell
Weaving (mn/sec) time(sec) time(sec)
2 W 10 3 10 90 0.1 0.1
3 W 6 3 10 50 0.1 0
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Fig. 11 Bead appearance of corner welding by
multi-pass robot welding
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Fig. 12 Schematic of robot motion at straight

section
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Fig. 15 Schematic of robot motion at connection
section

Fig. 16 Bead appearances of connection welding
by multi-pass robot welding
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Fig. 17 Improvemenf of welds quality by lug
welding robot system

Fig. 18 Photograph of macro cross section of
bead welded by lug welding robot system
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Table 9 Improvement of productivity by lug
welding robot system

Manual Robot
welding welding
Production of Lug 1 1
Setting time (min) l 2.0 1.0
The number of 7 4
total welding pass
Arc time (min) 23.1
- - - 33.0
Motion time (min) 2.9
Slgg remgval 50 04
time (min)
Labor time (min) 40.0 27.4
. 132%
0,
Productivity 100% (32%1)

Table 10 Improvement of working environment
by lug welding robot system

Manual Robot
welding welding
Man / Robot Man Robot
The number of 4~7 9
worker
Fume suction No Auto suction
. . Shield (use
Arc light No shield blackout curtain)
Musc.uloskeletal Happening Prevention
disorders
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