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Visual measurement and process planning of multi-layer and multi—pass
welding of medium and heavy plate
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Abstract: Aiming at the weld channel measurement of multi —layer and multi —pass welding of medium —thick plate, the
method of adaptive fine—tuning of the weld gun position using the fusion of information from weld seam detection
and visual measurement of weld channel dimensions is proposed. Firstly, based on the structured optical vision
sensor system, the weld seam images are acquired, and the weld seam feature information is extracted based on
typical image processing algorithms combined with FROSAC extraction algorithm. The number of layers, the
process parameters of each weld channel and the offset of the welding torch are determined based on the
information of the weld seam characteristics, and the multi—layer and multi —pass welding process planning is
completed. Finally, based on the robot welding vision system built on the 12 mm —base material for V —bevel
multi-layer and multi—pass welding test, the results show that the method under the bevel fill well, the average
measurement error of the weld channel size is less than 0.2 mm, meeting the needs of multi-layer and multi—pass
welding industrial applications.
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Fig.1 Image acquisition system

K1 B RGEAEE B SR EAL N B B
Tl HLER A T AL Bt i . RS
K H ABB IRB1410 Tk #L#S A Fl Fronius TPS 4000
CMT A sht54 A B0, XT3 0/ B R 90°RYXHE v
TESE T Q235 MWk T 2 |2 Z 1B RS0 5, BEA RS Ry
150 mm x150 mm x 12 mm, CCD FIHLAY - HER LR A
656 x 492, R R4S i e 0 25 RO B MR, R 650 nm

BOGKRA A IR R (650£10) nm B,

12 HAM kRN ERE

s I E B A RRE B B S L.

TR A, 2T — A I IO B
B 5 FLA AR 0 T MR R 2 a8 B X e B
B, YR HI TP LB IR I, e HIEY CCD ARPLEAT
FEUF I AR,

MESHE G B KOG IR Kt B OE18 2 AR E BY
W, B — AR BEE ARFE ST AR A2 2R 8,
Hd S ARG RS S, I 1 RV AR g SR E )
2D OB A  AHURDG A 52 MRS — ARl i
JEBLRO L R BB BR AR B b, AU B T 17 48T
AR S T RGET B AF B, I B R AR R (R
A TR ER AR S B PO SR B =G A A

2 ZEZERZILASH

21 #HIEEARE
K 2 I RO SR BB A S R

(S Vit

B2 FfxilnfmasRE
Fig.2 Schematic diagram of structured light vision sensor
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Fig.3 Extraction process of weld feature points without

arc light
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Fig.4 FROSAC algorithm flow
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Fig.5 Laser stripe extraction of welding
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Fig.6 Laser stripe extraction of multi-layer and multi—
pass welding
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Fig.7 Process of weld process planning
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Tab.1 Influence of process parameters on weld bead and visual measurement and actual measurement results of weld bead
gy PRI ELERS SPERE HHH T AP
A (memin™)  (mmes™) Girmm SRR R mm MIRHEE%  EEEm SCRREE/mm AIRE%
1-1 131 3.7 5.0 5.94 6.24 -4.81 3.00 2.88 4.17
1-2 142 4.1 5.0 6.65 6.76 -1.63 3.04 3.14 -3.18
1-3 152 4.5 5.0 6.76 6.98 -3.15 3.32 3.40 -2.35
1-4 160 4.8 5.0 7.05 7.02 0.43 3.32 3.44 -3.49
1-5 180 5.5 5.0 7.50 7.58 -1.06 3.75 3.8 -1.32
2-1 131 3.7 7.5 5.24 5.18 1.16 2.56 2.60 -1.54
2-2 142 4.1 7.5 5.46 5.50 -0.73 2.56 2.64 -3.03
2-3 152 4.5 7.5 5.39 5.58 -3.41 2.78 2.84 -2.11
2-4 160 4.8 7.5 6.32 6.24 1.28 293 2.92 0.34
2-5 180 5.5 7.5 6.18 6.04 2.32 2.90 3.00 -3.33
3-1 131 3.7 10.0 4.10 4.06 0.99 2.12 2.08 1.92
3-2 142 4.1 10.0 4.81 4.92 -2.24 2.13 2.14 -0.47
3-3 152 4.5 10.0 4.79 5.04 -4.96 2.30 2.36 -2.54
3-4 160 4.8 10.0 5.17 5.00 3.40 2.56 2.66 -3.76
3-5 180 5.5 10.0 5.67 5.50 3.09 3.00 2.92 2.74
X2 SESERENRNESXKERNELERE
Tab.2 Visual measurement and actual measurement results of multi-layer and multi—pass welding
St S ]
JRIERPS IRHERRUA R/ (mmesT) — — —— — —— —
SofEmm YRR /mm SE/mm SRR /Mmm S mm SEEREE /mm
03 H) — — 24.09 23.66 — — 12.48 12.06
1 139 5.0 6.41 6.78 4.63 453 473 485
2 142 5.0 7.35 7.52 2.51 2.55 241 2.35
3 144 5.0 6.62 6.76 191 1.90 2.44 2.56
4 157 5.0 8.79 9.10 2.85 3.31 3.54 3.31
5 172 5.0 8.39 8.28 3.51 372 4.10 3.92
6 172 5.0 7.71 7.74 3.68 3.88 4.14 4.08
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Fig.9 Experimental results of multi-layer and multi—pass

welding forming
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