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Side-Surface-Form Analysis of Arc Additive Manufacturing Based on

Laser Vision Sensing System
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Abstract A laser vision sensing three-dimensional (3D) reconstruction system has been designed to collect the
surface-profile-depth point cloud information of the welded side surfaces under different welding conditions and to
solve the problem of surface-form detection of the side surfaces obtained by using multi-layer single-channel arc
additive manufacturing. Point cloud processing algorithms, such as RANSAC (Random Sample Consensus) and
KNN (K-Nearest Neighbors), are used to extract the 3D point cloud of a deposition layer. We analyze the interlayer
distribution of the multi-layer single-channel weld deposition, quantify a side-surface roughness of the deposition
layer, and investigate the influence of the distance between the end of the welding wire and the plate on the 3D
forming of the deposition layer. The results denote that the laser vision sensing system can accurately determine the
surface-forming condition of the side surfaces obtained by using arc additive manufacturing. The 3D point cloud
algorithm is used for 3D reconstruction and feature extraction of the side surfaces obtained by using arc additive
manufacturing to visually describe and quantify the 3D forming features of the deposition layer, providing a novel
method for performing surface-form inspection and quantitative analysis in case of arc additive manufacturing.
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Fig. 1 Experimental device diagram of flat welding
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Table 1 Experimental parameters of flat welding

Current /  Voltage / Travel speed / Deposition
Z,./mm

Vv (mmes 1) layer
3 150 20 1.5 4
4 150 20 1.5 4
5 150 20 1.5 4
6 150 20 1.5 4
7 150 20 1.5 4
8 150 20 1.5 4
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Fig. 2 Diagram of surface forming measurement

device on the side of deposition layer
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Fig. 4 Diagram of sawtooth target
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Fig. 6 3D reconstruction of sawtooth target
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Table 2 Repeated temperature measurement of sawtooth target

Sequence number

1 2 3 4 5 Mean

Height of sawtooth (standard value of 5 mm) /mm

Width of sawtooth target (standard value of 60 mm) /mm

4.79 4.57 5.17 5.04 4.68 4.85
60.06 59.92 59.78 59.78 60.06 59.92
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Fig. 7 Flow chart of pixel coordinate extraction. (a) Original image; (b) grayscale image; (c) Gaussian filter;

(e)

(d) threshold segmentation; (e) pixel coordinate extraction
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roughness of deposition layer
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Table 3 Surface roughness of the deposition layer under different welding conditions

Z ./mm Points size N Fitting plane Surface roughness /mm

3 186337 0.081932x +0.0445412y+0.9956422 —45.8944=0 0.364

4 200810 0.04721172—0.0109212y+0.9988252 —43.6153=0 0.394

S 182719 0.114032x+0.0397632y +0.9926812 —47.0976=0 0.363

6 211943 —0.00289785x —0.0063972y +0.9999752 —41.9484=0 0.407

7 239103 0.01643432x—0.0279159y+0.9994752 —42.3533=0 0.482

8 236507 —0.0617732x+0.0066661y+0.998068x —39.4754=0 0.720
44k i =Y AR R AR A M bR E T S E
R ZEEHIAE 0.2 mm LN, R A 3L T 40T R 8
3 3 VRO A A U AR G R L IS A A0 2 T A T Ak (0 = 4 5 2 A B AR IO 0 B HEBRZ M 2 1w Y

1102005-7



h | b4 bl
ZHEEE B HE R R R A =4 S S E UL characteristics of spatters during high-power disk
o2 TEHLRS T S MR R B 840 B e B R ) 2 T 1 = 4 laser welding[J]. Acta Physica Sinica, 2012, 61(9):
RN L . WO A5 24 S 5 M ) B 251 2 o 3 W N B o B
e T T . § AR O, 4. RGO

oA 000 2 VT 1 — Ak B B R RS B AR Ak R S ) Rk SEAE AR LT WEIE . 2012, 61¢9): 098105,
A /NS 22 R TR ) G Al AN K 2 SRR B2 R [9] Ding Y Y, Zhang X B, Kovacevic R. A laser-based

. machine vision measurement system for laser forming

2 %2 X ® [J]. Measurement, 2016, 82: 345-354.

[1] Zhou X M, Tian Q H, Du Y X, et al. Simulation of [10] Huang Y J, Gao X D, Lin S D. Influences of laser
grain growth in single-pass two-layer deposition of arc welding parameters on mechanical properties of
welding based additive forming process[J]. Journal of polymethyl methacrylate and stainless-steel joints[J].
Mechanical Engineering, 2018, 54(22): 86-94. Chinese Journal of Lasers, 2017, 44(12): 1202006.
JIrES, HIRA, F OB, S dIREY B SOE Bl HGWH, BAR, RS BOLREESEOT A LB
BB Ry SR A KB T] . HLR TR AR R, SRR R 7], T EEOE, 2017,
2018, 54(22): 86-94. 44(12): 1202006.

[2] TFeng Y, Zhang P X, Jia J] L. Research progress of [11] Zhang B, Chang S, Wang J, et al. Feature points
wire + arc additive manufacturing in past two years extraction of laser vision weld seam based on genetic
[J]. Hot Working Technology, 2018, 47(21): 23- algorithm[J]. Chinese Journal of Lasers, 2019, 46
26. (1): 0102001.

I 1 9L G o AN K S 2 e = B B SR, HAR, EAE, L BT R g BOB LR
Wb D] . AT L, 2018, 47(21): 23-26. BERR AR ACHHCLT]. R B #OL, 2019, 46 (1):

[3] Xiong J, Xue Y G, Chen H, et al. Status and 0102001.
development prospects of forming control technology [12] Zhang P X, Zhang G Q, Wei Z C, ez al. Laser vision
in arc-based additive manufacturing [J]. Electric measurement for 3D surface outline of groove and
Welding Machine, 2015, 45(9): 45-50. weld [J]. Transactions of the China Welding
REMR, MK, BRWME, 45 . B ORIG b 3 U £ 6 5 Institution, 2017, 38(12): 85-89.
ARBWFFE IR SRR T]. BEL, 2015, 45(9): 45- SRMEYE, dK R, B AR, M. BT KR e K T =
50. R BRI i D] SRR, 2017, 38(12):

[4] Yang H O, Wang J, Zhou Y H, et al. Wire and arc 85-89.
additive manufacturing technology and its application [13] Rodriguez-Martin = M,  Rodriguez-Gonzdlvez P,
in TC4 titanium alloy: a review [ ]J]. Materials Gonzalez-Aguilera D, et al. Feasibility study of a
Review, 2018, 32(11): 1884-1890. structured light system applied to welding inspection
R, E, JE R, AE . e ol B A R Al R M based on articulated coordinate measure machine data
TE TC4 8K & 4 b 09 Bf BT 78 ik e [T A oRE 5 4R, [J]. IEEE Sensors Journal, 2017, 17 (13): 4217-
2018, 32(11): 1884-1890. 4224 .

[5] Shi] B, Li F, Chen SJ, et al. Effect of in-process [14] Wang W C, Gao X D, Ding X D, et al. Detection of
active cooling on forming quality and efficiency of non-groove butt joint feature based on corner principle
tandem GMAW-based additive manufacturing [J]. [J]. Transactions of the China Welding Institution,
The International Journal of Advanced Manufacturing 2018, 39(9): 61-64.

Technology, 2019, 101: 1349-1356. EICE, mIEAR, TR, % J0H X AR 4R R

[6] XiongJ, Li Y J, Li R, et al. Influences of process AR ik (1] MR EEE ], 2018, 39(9): 61-64.
parameters on surface roughness of multi-layer [15] Cloud Compare. 3D point cloud and mesh processing
single-pass  thin-walled parts in GMAW-based software open source project[ Z/OL]. [2019-05-01].
additive manufacturing [J]. Journal of Materials http: / www. danielgm. net/ .

Processing Technology, 2018, 252: 128-136. [16] Huang K, Cheng X J, Jia D F, et a/. An automatic

[7] LiY Z, Huang X, Horvdath I, et al. GMAW-based segmentation algorithm for dense pipeline point cloud
additive manufacturing of inclined multi-layer multi- data[J]. Chinese Journal of Lasers, 2018, 45(11):
bead parts with flat-position deposition[J]. Journal of 1104004.

Materials Processing Technology, 2018, 262: 359- WPl BAE, PRE, . —FMEEEE A R
371. H3h o #8k LT].  E ok, 2018, 45 (11):
[8] Gao XD, Long GF, Wang R L, et al. Analysis of 1104004.

1102005-8



