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Abstract

Conventionally, CCD camera and vision sensor using the projected pattern of light is generally
used to inspect the weld bead defects. But with this method, a lot of time is needed for image
preprocessing, stripe extraction and thinning, etc. In this study, laser vision sensor using the
scanning beam of light is used to shorten the time required for image preprocessing. The software
for deciding whether the weld bead is in proper shape or not in real time is developed. The criteria
are based upon the classification of imperfections in metallic fusion welds(ISO 6520) and limits for
imperfections(ISO 5817).
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2 JolAe & 4 9len D-)C-)BY BAE 2
2 ¢ 2 ho) ¥ (ratio) 7} AN H}Eols} AN
ZAo) s HFEE FEE BolA S ¢ S Ax,
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Table 1. Limits for imperfections (ISO 5817 :

1992(E))

Imper- |10 Limits for 1@perfect10ns
fection 16520 for quality levels
NO. desi o Remarks |Moder-|Interm-| String-
es%g- rete ate | ediate | ent
nation |rence D C B

Under-{ 5011
< < <
161 Rl s [N 7T |h<1.5mh<1.0mh<0.50m
E v h<lm+h<lmn+|h<lom+
12| weld | 502 | ST | 025 [ 015 | 0.1
max. | max. | max
metal 10m | T | 5m
(a) Plates and
;U:‘Eﬁl longitudinal welds
Linear ﬂ—l_j—ﬂ h<0.25t | h<0.15t | h<0.1t
of
18 |misali-| 507 | 1 ] |Imax. 5o | max. 4oe | max. 3m
;iae;t E (b) Circumferential weld|
h<0.5t
) max. | max. | max.
4mm 3mm 2mm
Incomp| 511 Long imperfections
“letely Not permitted
filled : .t | Short imperfections
19
groove Dﬁ? h<0.2t|h<0.1t}h<0.054
max. | max. | max.
sagging| 509 Omm lme | O.5mm

3. I HE3& (Stripe Representation)
3.1 C|X|& = M(Digital Curve)
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Fig. 1 Stripe of weld bead
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Fig. 2 Segment splitting method for a stripe
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ESC
F10

F
F3

F

Top Nenu

Help

Laser On/Off

Data Acquisition From J

Camera or File Loading

Y-Axis Xoom In

WIS

®|[a|[d] ||| =

Y-Axis Xoom Out
Z-Axis Xoom In
Z-Axis Xoom Out

— ALT+F2-F8 || Panels On/Off| -

Starting Inspection -3

?

Program Exit

Fig. 3 Program configuration

I

l L

Table 2. Appellation and computation method

. Computation .
NO.| Appellation method Explanations
1 |Left wet point|B: Point B,
2 [Right wet point B, Point B;

Point B9 y&}

Camera|[Panels|| 3D Coeff

Quality
Leyets

Base Metal

Thickness Inspection

Help

Exit

Camera On
Camera Off]

Moderate
Intermediate
Stringent

i

|

]
* About
Help

File
Save As

Load Alpha

X Speed

X Axis Zoom In/Out
Y Axis Zoom In/Qut
7 Axis Zoom In/Out

Theta : Rotation Var
YORI :Y origin
ZORI:Z origin

F2:Stripe Display

F4:Flaws Continuity
F5:3D Display
F6:Misalignment

F7:Flaw Types
F8:Weldability

F3:Feature Points Exdraction

Excessive or Sagging

Fig. 4 Top menu configuration

L

Inspection l

Data Acquisition From

Camera or File Loading

Median Filtering ,L

]
v

Right-Left Base Metal Position

Bead Width
Bead Height or Depth
Right-Left Wet Point

Data Base

(ISO Reference)

Fig. 5 Inspection module configuration
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B,

SN N;:Point Bsel Al Point
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Right base

metal position

6 | Misalignment | ! bmp - rbmp|
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8 trbmp - 7, |
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N m&a<h =60 n: JA
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controller), 2% A 25 (2 axis cartesian robot)

o2 FAFA, 1 FAEE Fig. 63 2o},

Camera
[Controt Unit

Embeded Monlitor
PC

T —

X Axis

Fig. 6 System configuration for weld bead
defects inspection
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g ALg35le, 3 Fhuete] A2 Kol ol &34
o Aste oka #, AE (spatter), 7t2% 9
g xo]ZE Fol7] 43 WY 57 YHE HAgn
th. o] FolA FdEte 3 Jfe Tzade] 25670
Aoz o]2olA glom, 29 40709 ZEadg o
< F 30

52 ME Y
Agol| AEE A|HL 180 mu X80 mu X6 mn 7]

847 238 VE 29712 &3 (V groove butt
welding) ¥ Zl°]t} (Photo 1.). '

Photo 1. Specimen for weld defects inspection

o] AJH & FHr} 89 (excessive weld bead), £
B Z (incompletely filled groove), A ¢ A
(undercut), &84 29U (misalignment), JE
C(pit)e] 2EE /X T Utk AW ol SE(x-
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A Bat Aot (% 3profiles/mm). =3+ v ete]
o] 23 71%599& 150 mmelt}. ¥ A= 80
mme £877H(F 240profiles) & BE&3HH T

53 &l A
Photo. 18] A1# 9] #713 A& ¥ Fig. 7 v
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Bl RoZ, Al&zte] Hd wet B FES

D(moderate), C(intermediate), B(stringent)®
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ARse) SHELS BET & U,
Fig. 8& A 71 %4 S3) ne $9Ede) 2
32 ¥ g2 e Rolnt,

Fig. 8 Inspection results according to quality
levels

54 SHEE mthg st HF Hil(Mean
Distance) 7o =l

Aol dReAe 2F 438 23 154 BAA
(flaws  continuity)e] #jdo] d&xoz T,
a4 o] Rel= AEe] AFH e EFH FEHK
M=ol Je o2 FRHARG, o] Rio] &
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olglx Hekdld WAF AQJNAE FEE 8t 3
o} d7ldAM e HF Azl(mean distance)Z= 7
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o ¥¥3ln, A2 2uA &9d B3 Agde
gule 2% AF A (flaw intensity index)et &
+ o, Fig. 9% ofa £34 #¥E7E 7124
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o] d & BojFErh 2dA 59 aeE FAIAL
Aas ¢ 5 3eH, od, 29 EA e At} §
4, 895S, dUA, &34 EYA, gEon AF
9 $¥XE F2Mo® FAF AoZ AYo] gle #
2 oz ZAgto] IJFE B2 F2¥oz FA
HEE 3%t} Fig. 99 AA A vehd Ade A
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29¢ 754 TEddeity YR 3 28E
o] BAZ DOSBAN AL F, A2d WA of
& ZA7te] A%l BEAYS AL =Yl AFA

o2 Ueid Z27e BaFE Folt} o] AAAE
o Hr7te ERAY F&, BE3E 58 oA doly
£< 94 Table 19 D, C, BEF9 A% 71%8 ot

g 2t A &4FE BHEAE HAFE F9]

(1) EXCESSIVE WELD BEAD
(2) INCOMPLETELY Y FILLED GROOVE
| (® unpERCUT

(4) MISALIGNMENT
. ®rrr

Fig. 9 Flaws continuity of moderate

B AZ (Ms, mean distance)2X A& 2 (8)#
2ol Bt}

Z(F.F)

M== ®

n-1

7|4 F, & 2% J59 EAACA 18 2
= UYelllz, F., -F € 5 2% Atele A=lE Ye
Aok Had AR ghol dA 3 HA X (threshold) 2 At
EA7F 2t a, AA SR ET HaEARY BARANE
APACE A8, BAA old} gold Aol F
FE ACR ZhFsta, 1 o]/dold Aol Ax A
o & ZpFEA "t} £ dFAME $HEFS A
o 7/, FAHE J-B%}O:] A% JFEE AT 44
A g 42 ).

55 1&

£ dFdMe A 1~10 Z29Y9 8HERS
#Adstn, 1 v FHS BEHEA 148 FEAI
=: i 74\“4 TR &, 14 FE AFIEA FHA
A+ HoA e 7‘1317\]7&"] =l 9 IAT,
Aol AT Abolo] AA EAdte A= R
HoZ AE¥ F ke FHe] vt FA= S A
We 243t 455 D(moderate)d 9, Fig. 9
o] HAtdold W@ HF A ZF(index of mean
distance)® 7 ZE2HUdE9 &4 EFF AF(index
of flaws)E olel Fig. 10 JehAA}.
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—
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Index of flawsIndex of mean distance

Inspection length(mm)

Fig. 10 Index of mean distance and flaws
according to inspection length

Fig. 109 4& #+ Y"“_ﬂ"ﬂﬂﬂ W3t FolE
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< FYA 12, Ago] HAYT FES A2HE 73
Al 09} 272 7t Z2odnit) FAHZE Yt

o] A4 Ao A EXo| ISO 7IE&RA 7} AA E%
A A&HE FASFY N1ES TaFE ALE2A
£ Agd 21449 Fig. 103 22 A #H] A$& A%
3] £ FHo] $A X3 SHERZ YL 4 U A
A F43% EHEZ AHEHY HEMe £ d7Y
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A|H7] golol & Aoz Azd) o] 43 ARZ 3
U =292 FdH = AgS0] AFH e £
€ AdeHS Fddtq FEF & 3T, olE ol %
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o =

__4

6.4 E

FAL R A golA uR AME &4 2% B
of 483 A3 va3t 22 2L €At
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E A 898 5 A=E Y
2) GUI 879 2238 & /g, 83 43S &

al
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