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Development of the Intelligent Grinding Workstation for the Welds at
the Pipe Ends of Robots
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Abstract: To address the high geometric complexity, poor multi-material adaptability, and insufficient dynamic optimization
of process parameters in end weld seams, as well as the low efficiency and poor quality consistency of manual grinding, a ro-
botic intelligent grinding workstation was developed based on visual sensor technology. This workstation integrates a three-
dimensional structured light beam vision sensor and a laser displacement distance sensor to create a multimodal perception
system. It achieves sub-millimeter-level three-dimensional reconstruction of weld seam morphology using structured light
stripe projection (point cloud density > 2 000 points/cm’) and compensates for pipe ellipticity errors with laser distance data
(compensation accuracy +0.05 mm), thereby improving the overall detection accuracy to 0.1 mm (a 60% improvement over
single-sensor solutions). It solves the problem of adaptive tracking of complex surfaces; a secondary positioning trajectory
algorithm was proposed, which enhances trajectory tracking accuracy to +£0.08 mm. The research has overcome key tech-
nologies such as multi-source information fusion and the construction of a process knowledge base, providing theoretical
support and equipment paradigms for the intelligent upgrade of the pipeline manufacturing industry. It realizes intelligent
recognition, precise tracking, and grinding of weld seams.
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Fig.1 Schematic diagram of the intelligent grinding workstation for

the welds at the pipe ends of robots

1.1 MO R AL

ZERGET WL ANAMCR A, LA fE R
B TASE, TV Sk AL 2 S FE AL A A 7Sl ik 2= 423k
Qb 3k 25 e T A 1 S 0 Y R R A TR AL
DA K O A2 SRS S 1 2 2 e A 5 B RS, 00
1R IS LB B 5 WO AR AR 1 [R] — 7K 26
o FTEES = ZEREAY K SERRZEAEANE 2 FTR
1.2 BRIGTELRLEN
1.2.1 =4 2%kt R

HL AT BB 4 B i AL A N & PLC Al
S120 fi IR HL ML L AN PLC FIAIL 50 15 a1l 4% Jake
aBES BPiER S . AN E PLC R
I AT i R e AR, 1A A —
H20~50 ms. FHE JEI 3 A CRER R T
IR A A4 B, PLC 25 1 1 S s My A B i {5



5 6 1]

ki, . HLas NIt AE s BEITIE TAREuE AT H] 131

0
(a) T3k (b)SLPrae sk
B2 FTELBERE
Fig.2 Overall schematic diagram of the grinding head
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Fig.3 Schematic diagram of the control interface
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Fig.5 Schematic diagram of management interface
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Fig. 6 Flowchart of the KRL program
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Fig. 7 Schematic diagram of internal and external weld grinding paths
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Fig. 11 Diagram of the machined pipe end
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