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Research on an Automatic Weld Inspection Device for Steel-Clad Flooring

HUANG Shan"", HUANG Renjie', WEN Peizhong', LIU Jianxi’
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Polytechnical University, Xi'an 710072, China)

Abstract: An automatic weld inspection device for steel-clad flooring based on eddy current detection technology was
studied. The operational principles of the eddy current detection was elaborated in detail, and the design of the automated
inspection system was addressed from the perspectives of hardware and software. Experimental validation demonstrated
that the device achieved a high detection rate for weld defects located on the surface and within a 3 mm subsurface region.
The defect detection and recognition rate reached 99.7%, with a false positive rate of merely 1.7%. It realizes
comprehensive, efficient, accurate identification and traceable detection of large areas of welds in steel-clad flooring.
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Fig.1 Principle diagram of eddy current detection
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Fig.2 Control topology diagram
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Fig. 3 Design drawings of automatic weld inspection vehicle

(a) structure of automatic weld inspection vehicle, (b) bottom schematic diagram of automatic weld inspection vehicle
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Table 2 Weld seams in industrial scenarios
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Table 3 Artificial defect welds
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Table 4 Excitation frequency test data
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Table 6 Pull-off distance test data Table 8 Orthogonal test results
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Table 9 Performance verification of automatic weld inspection device

P DREfiR PS =i

HIERAES

I 2 ¢ ol
3 mm

2 JRUENET  BRSKRENSVERNE (TR Bh

FMCIRZE<10 cm

TENI IR RIS ER

3 kBB
4 EWNEN
5 iRl KR
6 FHEGIFF SPARIREE S ARSI A 2L
7

SRR g RI E EE0.3~5 my A A dbRic SR U

BRI =99%, R4 T < 5%, Kl R

T AOH B =30 m/min; 2551 =8 h; R <3 h

X305 R AEHEFTI3SOUAE I, Tk 11K, IR4R6IK, T2
PIER9.7%, 1R R1.7%

Y1055 HESFAEILIEA T30 AT, kst e R
I IREEEAT, T RIS

SEBRARICIN 222404 cm, FRICTEMT . ATHEER s 2
FEDIIRZELA m, A] S A T 2
T KA B 32 m/min; ZEMT298.8 hy FEELZ2 h il 2
H2007 A, Tolwhs . ToiRR s 2
SERRASHN 7 FE0.15~6.85 mj V4R ] 242 min T 2




%53 4]

B AR AR T A ) Sl I AR 239

i 68 7, 1B BT i F 04 RS R RSk 5 e 1R )
AR LA B ) R AR AR e

FEAGID MR T T, TRk BB 7E MR8 . S
KRGE DL S SR 4 AR ia AT, R I e
XTI AR EE, RGERE 8 o S B R 5 E
SRR IS B AR, DI PR TEAS I DX R R 235 o5
Kragrhus.

AL, BERRIC I RE AR 22200 4 cm, /]
T 10 om WIRITHEDR; ENENIRZEZN 1 m, 7]
e BB [ET 9 5 B AR S TR 2K A 42 SR T [R]
24 8.8 h, FLHLATEIZY 2 h, BEAS I L K A ) 4 S A
1E55; BRI SEELT 0.15~6.85 m 3 Bl N Y
FaE R, IEBEASTE 2 min PN 58 HE AR =X, 5 5% 1T
B (] U040, (R B b i B 38 NPk S T
N E.

4 it

L5 i, AR SO 95 T TR R A AR 4
SRR B A R e R -5 A0 R Ak o ARG N Ty
T EAT G LS, WL 5 RE O RS EIE R G AR
i, SEBUNS R RN b T KR AR A 4 T R K
BB RT RSB WA, S RO TR AR A BRI T
HEIBOR T B ARAERIZ GG | BB 80 8 551
DU T ATIAFAE — € Jmy R . oA Ok AT 3 — 20 5 75 3
LANPIIR FEARIE R &, B d 5IARE ST A
TN AMEF I, R TE R GEXT AN IR S B A B
T S T I ok 2 P B 8 R 1, AT A AR L S
YNSRI TR P ) | TRV F=3/8
A S i (R PR DR T 5.

S S

(1] GUR=E-BI9VIT, £ 55, 22551, JRAER T BRIARY
B Vi 21 A0 B R KR (D). WOt 5 204, 2022,
52(11): 1657-1665. [Bieerlan Jianayihan, WANG
Yongyong, JIANG Xiuhai. Eddy current infrared
thermal imaging for the detection of weld surface de-
fects[J]. Laser & Infrared, 2022, 52(11): 1657-1665.]

AU, Vi, T S BRI E AR 1 K R 5 1
WEoE Lk (1], Hsh k23R, 2020, 46(11): 2319-2336.
[LI Shaobo, YANG Jing, WANG Zheng, et al. Re-

view of development and application of defect detec-

[2]

tion technology [J]. Review of Development and Ap-
plication of Defect Detection Technology, 2020, 46(11):

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[ 10 ]

2319-2336.]

W SCL, W0, IR I, 2. W LRSS A SR AR O o
A6 I 75 12 M 3 R R ok B (0] b [ 4 4
2021(7): 79-80.

TN, J7 S 55, AL, 25 445 H ook D1 R 1Y
R KR O VE 7 A, 2022(1): 35-36, 40.
[WANG Hao, FANG Zhiyong, DU Yuefeng, et al.
Characteristics and application of nondestructive test-
ing technology for steel structure[J]. Jiangxi Building
Materials, 2022(1): 35-36, 40.]

K SCHE . TCAT G B A A SR TR e A 1o H
Mre LISEZE R oy B ST TR 9] (0], D ™
5%, 2022(12): 61-63. [LIU Wenchao. Analysis on
the application of nondestructive testing technology in
building engineering: taking a single construction
project of a steel structure workshop as an example[J].
Real Estate World, 2022(12): 61-63.]

WP, TN ARTE TR I g i (7],
[ = 8 BF 4, 2023(10): 120-122. [YOU Jiayue. Ap-
plication of nondestructive testing technology in en-
gineering inspection[J]. China High and New Techno-
logy, 2023(10): 120-122.]

BRI, 23, T, 5. RIVSR MU (RS T
TN B AR Ko i IS [T]. e sk B 4 L, 2024,
3(1): 77-82. [HUANG Fengying, AN Shangwen,
WANG Yan, et al. Research on eddy current testing
technology and application of welds in large road
maintenance machinery componets[J]. Advanced Ma-
terials of High Speed Railway, 2024, 3(1): 77-82.]
ZHOE, TH®, 8 R AR R A A
& BB B AR BRI AR IR U A S AR TS
SO0 A5 BALRTFSE, 2019, 45(2): 59-64. [LI Xiao-
guang, WANG Chunlei, HUANG San 'ao, et al.
Design and implementation of a new eddy current
automatic detection device for tube-tube sheet sealed
welding of nuclear power plant steam generator[J].
Informatization Research, 2019, 45(2): 59-64.]
At o i, BT AR AR 3D Kl AR G FH A
SR AR T2 (1], AR, 2020(4): 51-55.
[ZHU Jianhua, HE Jianfeng. Welding process optim-
ization of ultra-high strength steel based on the applic-
ation of welding seam 3D detection system[J]. Bao
steel Technology. 2020(4): 51-55.]

B0, TR, YT, 4. IR RO TEXR G TR BN T
s BT (0], i TR, 2021, 50(2): 125-128.
[CAI Wen, XUE Feng, JING Jing, et al. Application

of eddy current flaw detection in quality inspection of


https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.16383/j.aas.c180538
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.16383/j.aas.c180538
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.16383/j.aas.c180538
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.16383/j.aas.c180538
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3969/j.issn.1672-1667.2021.13.039
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3969/j.issn.2097-0846.2024.01.015
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3969/j.issn.2097-0846.2024.01.015
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3969/j.issn.2097-0846.2024.01.015
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3969/j.issn.2097-0846.2024.01.015
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3963/j.issn.1671-7953.2021.02.032

240

BT AR S AL

FRE

[11]

[ 12 ]

weld under coating condition[J]. Ship & Ocean En-
gineering, 2021, 50(2): 125-128.]

PRI 2T COMSOL {5 BCHY) HEBE A 45 9 J 45 17
BB T RN S B BE SR (D] i i
R HFEAR K2, 2022, [XU Dachuan. Eddy current de-
tection and identification of defect types for thin-
walled stainless steel welded pipe welds based on
COMSOL simulation[D]. Shanghai: Shanghai Insti-
tute of Technology, 2022.]

SREA, /N, TRF5 3, A5 AR G RS T Ui A 15
SO A ] (00 AT R, 2020,
40(5): 56-61, 75. [ZHANG Guocai, XIE Xiaorong,
XING Xiuwen, et al. Appliaction of correlation func-

tion in extraction and analysis of eddy current testing

[ 13 ]

[ 14 ]

signal[J]. Journal of Astronautic Metrology and Meas-
urement, 2020, 40(5): 56-61, 75.]

sk, B, T, S W RS EORTEAR ARG
R FHRIR D). v ERR AR s A 2 42, 2018, 34(3):
42-46. [ZHANG Yiping, LUO Xiong, YANG Kaiyu,
et al. Initial use of eddy current array technique on
welding joint inspection[J]. China Special Equipment
Safety, 2018, 34(3): 42-46.]

Wrik §hE, Eig, DRDER, 55 2T CMOS &8k 1Y
F B /Nt (00, 773 TR Be o4z, 2020,
32(1): 26-31. [CHEN Zhangjingxuan, WANG Feng,
YAO Xiaolei, et al. Design of automatic tracking car
based on CMOS cameral[J]. Journal of Ningbo Uni-
versity of Technology, 2020, 32(1): 26-31.]

E B OE DA DA DA DO DE DL DA DA DO DE DL DA DA DA DOE DL DA DA DA DE DE DL DA DA DA DE DL DA DA DA DOE DL DL DA DA D DL DL DA DA DA DOE DL DA DA D

IFIRIT ] 2026 &£ ( TR AR SR

PUES O
TS BT R SR ) A Bl ]
SRR SE AR PSS T OR

3:':

ST IAAIT IS TAR BB EOR S8 %

PRI A AR BT iR 5 T D g
Bt A R A - BT 2

—, ISSN 1006 —3757

TEEITT ] [ N AMAFERAT R iR BeR 54 Y24, Tl CN 62112306 " MRRALS: 54-90, 5
Hr: 15 Jo/ME, A4FE M 90 J6. #ARIE 5 O Hrillif B R 540 ) 48 56 R, 1K R fLIE : 0931-4968280,
E-mail: fxcs@licp.cas.cn, MI1ik: http://www.sciengine.com/atti/home, B 2 A: 2RI HE, #uhik: Hl& 22 M KK

i 18 5, AR ERbABE 2N AL Dy BRI 5 T


https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3963/j.issn.1671-7953.2021.02.032
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3963/j.issn.1671-7953.2021.02.032
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3963/j.issn.1671-7953.2021.02.032
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.12060/j.issn.1000-7202.2020.05.09
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.12060/j.issn.1000-7202.2020.05.09
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.12060/j.issn.1000-7202.2020.05.09
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.12060/j.issn.1000-7202.2020.05.09
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3969/j.issn.1008-7109.2020.01.005
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3969/j.issn.1008-7109.2020.01.005
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3969/j.issn.1008-7109.2020.01.005
https://hffyb7789d7bbe5f747dbs6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/10.3969/j.issn.1008-7109.2020.01.005
https://hffybf00f311451ae4145h6qxk9c05u5xo6k5kfffb.res.gxlib.org.cn/atti/home

	04_正文
	钢敷地面焊缝自动检测装置的研究


