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Abstract

measuring the surface profiles of stainless steel lap laser weld joints. The influences of roughness and inclination of

A noncontact and high-precision detection method based on laser ranging sensing is investigated for

the workpiece surface on detection results are also studied. Moving-mean filtering and image tilting correction
methods are adopted, and a detection data filtering and correction algorithm is developed. Based on feature point
recognition of the detected profile curves of laser weld joints, a method for detecting and calculating the residual and
collapse heights of laser welding joints is established. Results show that the profile curves of laser welding joints
obtained by these methods are in good agreement with the corresponding metallographic detection results;
additionally, weld-surface conditions are well reflected
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Table 1 Chemical compositions of SUS304 stainless steel

C Si Mn

Element

P S Ni Cr N

Mass fraction /% <<0.08 <1.00 <2.50

<<0.035

<0.030  7.00-10.500 18.00-20.00 0.01-0.25

* 2 SUS304 RNEEW M J1 24P fE
Table 2 Mechanical properties of SUS304 stainless steel

Parameter Hardness /HV

Yield strength /(Nemm ?)

Tensile strength /(Nemm ) Elongation /%

Value 169 =>275

>550 >35

KM HK 54144 150 mm X 50 mm fHIAR
PEAT AR IR SR SO e I B 8L B B4
W5, T AR & R AR O L i 1 IR, AR
A D, +D, EEFEHM T mm+0.6 mm & 2 mm+
0.6 mm H G . F 7B TR R IAE BT
M B AF A TR B 4% 0, 76 B L AR 2 Ta] s 4 R 4l
T AR () S B L O e R R R L O SR AR
R EAARF A . w5 i R B AR R 4 5 S
FRREINR 3 Fron . B 2 s A R 422 5 L SO AR
3l

D,
D, m-]\d

B 1 Rk INE RS R 2

Fig. 1 Dimension diagram of laser welding joint
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Fig. 2 Laser weld joint workpieces
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Table 3 Thickness combinations of base metal and

gasket plate

Thickness of Thickness of Thickness of

No. upper plate lower plate gasket plate
D, /mm D,/mm d /mm
1 1.0 0.6 0.04
2 1.0 0.6 0.08
3 1.0 0.6 0.12
4 1.0 0.6 0.20
5 0.6 2.0 0.04
6 0.6 2.0 0.08
7 0.6 2.0 0.10
8 0.6 2.0 0.12
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Fig. 3 Principle of single point triangular laser ranging
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Fig. 4 Diagram of laser weld surface detection method
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B 5 WOCHREERE IR S HIES ., (0~ (D ETHRIEHEHN 1 mm—+0.6 mm, 3 JEE 514 0.04.0.08,0.12,0.2 mm;
()~ FFHREHEHN 0.6 mm+2 mm, B HJEEE 5K 0.04,0.08,0.1,0.12 mm

Fig. 5

Metallographic morphologies of laser welding joint sections. (a)-(d) Base metal thickness combination is 1 mm-+

0.6 mm, and gasket thicknesses are 0.04 mm, 0.08 mm, 0.12 mm, and 0.2 mm, respectively; (e)-(h) base

metal thickness combination is 0.6 mm-+ 2 mm, and gasket thicknesses are 0. 04 mm, 0.08 mm, 0.1 mm, and

0.12 mm, respectively
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Fig. 7 Surface profile scanning result corresponding to laser
weld joint metallographic section in Fig. 5(a)
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Fig. 9 Surface profile tilting correction method
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Fig. 11

Comparison of four typical profile detection results. (a) Profile detection curve 1; (b) metallographic morphology

corresponding to profile detection curve shown in Fig. 11(a); (c) profile detection curve 2; (d) metallographic

morphology corresponding to profile detection curve shown in Fig. 11 (c); (e) profile detection curve 3;

(f) metallographic morphology corresponding to profile detection curve shown in Fig. 11(e); (g) profile detection

curve 4; (h) metallographic morphology corresponding to profile detection curve shown in Fig. 11(g)
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(a) Detection result comparison; (b) error distribution of detection result obtained from original image; (c) error

distribution of detection result after image processing
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