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Seam measurement based on micro depth of field lens for laser welding

Wang Pingjiang, Huang Yating, Qi Jiangfei, Peng Fangyu, Li Bin, Tang Xiaoqi

National Numerical Control System Engineering Research Center, Huazhong University of Science and Technology, Wuhan 430074, China

Abstract: For the seam feature measurement of the tight butt joint without misalignment in laser welding, current vision
sensor cannot obtain the seam gap width and seam position stable and reliable enough. In this paper, a seam measurement
method based on the micro depth of field is proposed. A hight optical magnification lens, a CCD ( Charge Coupled De-
vice) /CMOS (Complementary Metal-Oxide-Semiconductor Transistor) camera and an external LED ( Light-Emitting Di-
ode) lighting unit are used to constitute the non-contact measurement system. The measurement system can be used for the
tight butt joint in laser welding. The angle between the seam surface and the optical axis of the camera is about 45°. The
installation method solves the problem that the depth of field and the field of view are too small to measure the tight butt
joint with the multi-time magnification image measurement system. Experiments indicate that the measurement system can
obtain the seam gap width and seam position stable and correctly. With this measure method, the seam surface normal vec-
tor also can be measured. The measurement accuracy for the seam gap width and seam position is 5 um and 6 pwm, respec-
tively. Furthermore, the narrowest welding seam gap that can be measured is 0. 02 mm, which fully satisfies the demand of
the seam measurement in laser welding.

Key words: laser welding; butt seam; vision measurement; micro depth of field; definition
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Fig.1 The schematic diagram of optical imaging of the camera

dS(S +1)

MU en o
_dS(S+f)
A% = prod(s+ (2)
. _2dDS(S+f)
AS = AS, + AS, = D (S f)
2dFf*S(S + f) (3)

= dF (S +f)?

K, d HEVPIRERIEE ELAR ; F o ML OCIE 45
AL F = L e N oy,
AS, NIEFR,AS, NI FR, BN AS,

YR X (1) —(3), UEF IR ER d =
0.01 mm,Fisk B £ =50 mm, F = 1.4 SRR
Bl 4 A5, WPIEE L =62.5 mm, 5K N

2 x50* x 1.4 x0.01 x 75
50* - 1.4° x0.01° x 75°

MAHG T AT A AT AR £ =50 mm, F =1. 4,6
EERAEECH 4 56, 7E 62,460 ~ 62.539 mm 5 [
(1) () DX I8N H AR BE TR T B, AN 783X >3 [] IX gl
PR B AR T BRAGSA SRR 1Y) o PR L 23 T DX 3l kg
SR X Q5 5583k O L H 5 R TR IX K
Qb BRI N FRZ ORG-S
1.2 ETFHESRNECIEETEHENEFIE

&2 SRt X il fa /N TRI BB /N il X6 422 P 4 L
{5 BB 2y s —— B T RO R OGRS 42
PREEI 5777 1) R LA

e 2 frs, AP — A 5P 1 3 e ff
K o WPFAERT , DR R 5 RCR IR X 38 0 FH 2B AL
X3 ABCD 3% X 3 A B8 3R B Ry — 2 U [ Ve

AS = =~ (0. 063 mm

© I B R BT AR ST A



1094 i E S AR www. cjig. en

17 %

Wi X3 A'B"C'D" s A QA PR i, N
ANBETH M M AR, 75 18] 15 2 B BRI X B,
P 3T 7 S AR Al AL D L T 4 5% 14 0 4 P 4% SR v
R E G E 3R ESI 3 Ao, e h
PP 320 249 SRR DX, v [ — 2% TS PO 35 B2l , %
TR R TR X Q AR SZ XK
LIRS NioE s g

HIHLABAN L

K2 T RO TR BOCIR X HeDF 42 I i e
Fig.2 The schematic diagram of the seammeasurement

method based on micro depth of field
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Fig.4 The seam measurement system

based on micro depth of field
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Table 1 Performance test data of various definition evaluation method
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Fig.8 Seam gap width calculation method
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Fig.9 The experiment of the seam measurement
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Fig. 10 Seam gap width manual measurement method
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Table 2 The data of the seam gap width
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Table 3 The data of the measurement

accuracy for the seam center of Y axis
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Fig. 11 The measurement accuracy for
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Table 4 The data of the measurement accuracy for

the seam center of 7 axis
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