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Design of wind turbine tower weld detection system based on 3D vision
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Abstract: In order to meet the demand of high efficiency and accuracy of weld appearance quality defect detection in wind turbine tower
cylinder industry, the 3D machine vision technology was used to develop the weld appearance quality defect detection system based on
wind turbine tower cylinder. First, the point cloud data was preprocessed by point cloud filtering, point cloud segmentation and point
cloud simplification to ensure the accuracy of defect evaluation in the later stage. Secondly, the contour characteristics of 3D data were
obtained by slice processing and breakpoint fitting. Thirdly, the improved recursive rough exiraction algorithm was used to extract the
feature points, and the defect evaluation was carried out to obtain the detection results of weld appearance defects. Finally, according to
the evaluation process and standard of weld defects in the system, a typical weld sample is selected to test the weld width, weld
dislocation and weld straightness. The weld detection accuracy can reach 0.001 mm, and the speed is 3 times of the current manual
detection speed. The detection results show that the system has the characteristics of high accuracy, high speed and high precision,
which can replace manual detection, and has a good application prospect.
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Fig. 1 Schematic diagram of system structure
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Fig.2 Flow of visual detection algorithm
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Fig.3 Comparison of point cloud data
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Table 1 Number comparison table of segmented data

in point cloud connected domain

Fed  ABIRTEAREEE  AAEUREEEMEH B E]/ms

1 1701 055 1 684 944 71
2 1 686 555 1671 382 57
3 1713 408 1 698 532 85
4 1 446 180 1 426 349 32
5 1699 154 1 683 981 43

*2 R-ERESIBENHBEN R
Table 2 The number comparison table of point

cloud hard threshold segmentation data

Hedr  ARERTERERSE  AABUREEEAEH  APEIE]/ms

1 1 701 055 1701 055 476 663
2 1 686 555 1 686 550 228 515
3 1 713 408 1713 048 147 030
4 1 446 180 1 446 100 453 085
5 1 699 154 1 699 150 516 765
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Table 3 Comparison table of point

cloud sampling data numbers

ligT Ak SRR 1 R AbBRE K B A H
1 1 713 408 15 371
2 1709 115 15 223
3 1698 532 15 371
4 1 426 349 12 747
5 1 683 981 14 745

(al) RHERT
(al)Before sampling

(a2) KFEE
(a2) After sampling
(a) FEARL
(a) Sample 1
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Fig.4 Comparison of sampling 3D graph
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Table 4 Line size of weld
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Fig. 5 Intersecting line profile
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Fig. 6 Intersecting line outline of breakpoint

K7 S5 W S e

Fig.7  Fit the contour of the intersecting line of the breakpoint
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Fig. 8 Schematic diagram of weld characteristic points

3B VR B IO R S N R R Py
XLD #58 | PP, | SAEFIEHL PP, BB KM AL,
P, A XLD %58 | PP, | SUEFIHL PP, KB M
RLRCP N XLD BB [ PP, | ARBIEL PP, K
PR A

TSR HL WIS BT AN (X,,Y,) , M H
RIS (X, ,Y) FI(X,,Y,) , WFF7E .

X-X Y-v,

XZ_X]_YZ_YI )

I

(, -Y)(X-X)=(Y-Y) (X, -X,) (4)

(Y, -Y)D)X+ (X, - X)Y+X (Y, =Y, +Y,(X, -
X,)=0 (5)

MR L TT R — T 2

A=Y, -Y, (6)

B =X -X (7)

C=X/(Y, -Y,) +Y/(X,-X,) (8)

PR B HL M s A, AR S B E A
[E
‘Axo + By, + C|

(9)
SR

i3 (9) AR AT R B B A f KRR, e R S
S RIARAE L A R BRI A RCR AN 9 7

Fig.9 Selection effect of feature points
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Fig. 14  Flow of judgment of weld misalignment defects
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L1 B e A Table 5 Weld width measured by the system

Fig. 11  General flow of weld defect judgment FOEREK FRER L BEBR2 FRERS  FRAR4 FERRS RSN

1 38.822 31.853 41.034 25.255 25.080  7.544
2 33.571 32.693 40.225 27.791 25.393  7.521
[y 3 33.477 33.678 38.224 36.310 25.582  7.449
4 33.707 32.782 37.313 36.689 24.592  7.396
5 30.986 33.528 34.583 35.354 25.501 7.284
6 29.153 34.416 34.583 35.303 26.078  7.435
7 28.246 35.435 29.121 33.817 24.593  7.667
8  28.720 35.962 28.241 30.623 24.534  7.515
9 27709 36.891 28.212 28.376 26.330  7.509
BT
B2 SR HAR P BB A B R F6 ANIMpIRETEE
Fig. 12 Flow of judgment of weld straightness defects Table 6 Width of welding seam inspected manually
WL KRR REAR 2 KEAR 3 RRMR 4 RENS  ARIETIEL/s
1) BRI 45 1 39.14 31.15 41.17 25.35 24.06 30
. . . 2 33.26 32.52 40.26 27.18  25.65 30
RO A IR sE SE e S R e 5 TS
" i “*‘LOJE/}J&F%J’“E ORI S B, N TR i 3 3330 3274 38.12 35.71  25.83 30
PREETEIE AN 6 PR 4 33.36 3240 36.23 35.41 25.97 30
RGN AR A S N2 7 s, N TR Y 5 5% 5 30.16 32.22 35.35 35.17 25.68 30
FETINGE 8 FTT . 6 28.40 34.64 35.22 35.32  26.06 30
RGN IR A LR BE N 9 i, T A T A ; ;z;‘; zz;z ;:2 Zzzz ii; 28
i e e [ . . . . :
() L2 — M RS ORI i 9 27.70 36.11 27.62 27.81 25.92 30
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Table 7 Weld misalignment detected by the system

BB BEA L REMR 2 REAR 3 REMR4 RERRS  RRINEHE]/s
1 1.585 1.133 -0.950 -1.948 2.012 9.043
2 1.494 1.262 -0.915 -1.251 2.017 8. 629
3 1.531 1.307 -0.992 -0.911 1.995 8.947
4 1.660 1.308 -0.966 -1.135 2.008 9.036
5  1.857 1.446 0.507 -0.849 2.078 8.361
6 1.266 1.517 -0.309 -1.064 2.054 8.555
7 1.992 1.677 0.802 -1.085 2.210 9. 656
8 2.242 1.725 -0.558 -0.982 2.171 8.873
9 2,797 1.772 -1.146 1.233 2.180 9.200

®8 ATMBHIRESED

Table 8 Welding seam misalignment measured manually

LR M1 REAR 2 REMR3 REMR 4 REIR S KRIEE]/s
1 1.3 1.2 -1.0  -2.0 2.0 30
2 .2 1.2 -0.9 -1.2 2.0 30
3 1.3 1.2 -0.8 -0.8 2.0 30
4 1.8 1.5 -1.0 -1.0 2.0 30
5 1.5 19 0.5 -0.8 2.0 30
6 1.2 1.5 -0.3  -0.9 2.0 30
7 1.8 1.6 0.8 -0.9 2.2 30
8 2.8 1.7 -0.5 -1.0 2.0 30
9 29 1.8 -1.2 1.0 2.0 30

®9 RENMEHIELE 100 mm NELKE
Table 9 The straightness of welds within 100 mm

measured by the system

P HARL FER2 M3 R4 FERR S
2 9.047  7.761  5.088 15.879 1. 805
A 9.715  1.671  0.825  5.170 0. 969
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Fig. 15  Test results of weld width
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Fig. 16  Testing results of weld misalignment
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