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Abstract

In the process of friction stir welding (FSW), due to the improper selection of process parameters
and the design of the stir head, there will be welding defects. In this paper, a three-dimensional
motion mechanical device is designed to carry out C-scan for friction stir welding to realize eddy
current detection. ANSYS and Adams are used to simulate the ball screw, and the transient load
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and its linear relationship are analyzed. In order to improve the ability of defect detection, only by
analyzing the characteristics of differential detection signal, and then obtaining the detected defect
information, this paper designs a cone-shaped pulsed eddy current sensor, and analyzes its mag-
netic field. The electromagnetic simulation was carried out by COMSOL, and the magnetic field dis-
tribution images of aluminum specimen with and without defects were compared with those with
or without shield cover. Based on the magnetic shielding existing in ferromagnetic materials, the
ferromagnetic simulation experiment was carried out. Then, the ant colony algorithm is used for
contour recognition, and singular value decomposition (SVD) denoising, Kalman filtering and RBF
optimized Kalman filtering are carried out successively. Finally, VB man-machine interface is es-
tablished for effective control.

Keywords

Defect Detection, Eddy Current Testing, Simulation, Contour Recognition, Image Processing,
Denoising and Filtering

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

PEFE BRI (FSW) R S [F IR A 2 (TWDAE 1991 IR A I — Rl R A E S EOR[1]. T2 T
RGN EEBIFEROR, AT E K BEEAN R P AR (2] BEPREBIR 10 TAR RS | Frs, ek
PR N BT RORE, R SK R BT 5 Bl e SR A A BE R, PRSI B S B X 3K
FIRFMBOINA, PRV, RN BRI TT IR B, IR AR Y IR B A Bk A2 Sl T A%
gy, FIBEVERER IR SERT AL 25 80, AESCHE SRR B ROBOE 1R T SEEUR R B i 2 RV [ A 344 3]

AWML REN], £ FSW R T, BT ZESEMBH-L SO g A LERER, 7R
PRORFEIZAE 1) FSW AR MG SKSRFE(LOP)Z AR 48 79 11 8 UL I8k e, P SRR 4E i . S5 e SR
FORBE AN F, FSW KRR T ARSI R 2% NG G 50X SRy (4], BRI, 03 B AR S e 5 DAy U
TS 77 A e Al I T A FSW AR ARIE SR AR I[S],  Fir LASRBE ARSI (7] A 2 FSW AR
ZN MR EERR. SEEMTCBUEITHEM L, BRI SO B B A BRI R, AR
WP R A P PR [6]. DRI, SR AR ARSI B 7 R B 0 FSW AR MR I8 fiR o X 5 AR B )32 (¥ L A 75 EL 22
MIBLSE R Lo

2. BkHimE S M R
2.1. R RIB

TR A F LR T RS ) o 2 S A RN, S P ORI 2 7 2 ) FRLAT B R SR LA SR B — Ak
ARLT IR0 A B P LB, SR AU I SR TR R RN o IR TR 1 B SE — F BT R IR R AR AT HA
LIS AN 757 VA el == £ T wy B A = RS0 2 Wi =B a2 s R € 2= o o e S s P 1 62
oY SR VA A2 77 I oA Rt 3 17 S e I S i1 D VI 2 R P s B RS VR AN
RO . AR A PRI E B, AT AR B2 AR T . B IR TR AR, R RRE AR Bl rh ™ ORI S ke
HIm LA A SR I — IR S AR R W R P e i FL IR A5 5, BIPECAS 5o B BABURMIZh A, 8

ik

DOI: 10.12677/jisp.2020.94027 227 EUR 515 5 Ak B


https://doi.org/10.12677/jisp.2020.94027
http://creativecommons.org/licenses/by/4.0/

R e

FE XN B AR 2 P EAT oM o TR ARG 1 5 R BE R A 5%, DAY B PECTE = S B /Y
BEJE, AT SEHDN A B2 B A PECAT I o

Y R (1 BRI
BT A5 R )

o 3eSroul -
5EIJ ;i-gu:LL 1 /Uﬁll'éi/ﬂ\- é-"_ * G 2@(}7“%’4‘%”—
piil/H o F A 1 TR b = i?(féfi‘fﬁ(’g

i F
T 57

aﬁ%ﬂ»rﬂ@\\

Bk
Ty : LA B LA
Tt LA Bl TE PEE SR e NINES (FERBRTINRE)

Figure 1. Working principle of friction stir welding
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Figure 2. Principle of eddy current effect
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Figure 3. Basic principle of pulsed eddy current testing
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Figure 4. Distribution of induced eddy current
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Figure 5. 3D motion platform
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Figure 6. Design of rotating platform
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Figure 7. Ball screw motion control
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Figure 8. Transient analysis of ANSYS ball screw
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Figure 9. Simulation of Adams ball screw
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Figure 10. Cone shaped differential sensor
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of non ferromagnetic simulation model
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Figure 14. Distribution of eddy current density on the surface defects of non fer-
romagnetic metal samples
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Figure 18. Distribution of material permeability vs. surface flux density and eddy
current
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Figure 22. Differential signal after singular value processing
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Figure 24. RBF optimized Kalman filter
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