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Abstract

Weld quality monitoring and seam tracking along the butt-joint lengthwise to the tube axis are studied. The material
of tube is 60kg/mm’ grade steel sheet, and the longitudinal butt-joint is shaped by 2 roll bending machine. The tube
with a thickness of 1.5mm, diameter of 105.4mm and length of 2000mm is successfully obtained by the CO, laser
welding system equipped with a seam tracker and plasma sensor. Experimental results show that the developed welding

system can be used for the precision seam tracking and the real-time monitoring of weld quality, and the laser welded

tube can be used for car body and component after tubular hydroforming,
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Fig. 3 Schematic diagram of seam tracking of tube
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Fig. 6 Position of plasma sensor

Table 2 Experimetal condition

welding distance 1600mm
welding speed 2000mm/min
COq laser power 2.8kW
focal length 200mm
focused beam diameter 500um
beam mode muti-mode
shielding gas Ar(30 1/min)
distance from laser beam and laser
.. 110mm
vision sensor
sampling frequency 60Hz
distance 180mm
plasma sensor(see Fig. 6)
angle 57°
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Table 3 Specification of plasma sensor
Item Specification
Light wavelength of UV-measuring range { 400mm(for CO2-Lasers)
Real time signal processing DC up to 20kHz
Line voltage (standard) 120-230Vac 50-60Hz+10%
Connections to laser welding machine 24Vdc (isolated)
Dimensions of LWM 480/310/460mm/35kg
(length/height/dept1/weight) (19"industrial rack)
Dimensions of detector heads(length/diameter) 160/30mm or customer specific
20000 {a} detect:d signal 1 20000 (b} detected sgnal 2 20000 fc) detected signal 3
I i T T BT T xﬁ*ww
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Fig. 9 Experimental data for reference value of plasma intensity
744 Journal of KWS, Vol. 21, No. 7, December, 2003



COz #olAE o] &3 $HRE Ax

PN $34 24 2 $HEL

2UE™ 39

Aot AR 2 AaF 99 uRe TANE Fxa
$4ATE BelFA Bt

F82) gy] 2= o 250mm WHHOE 5
o AAH BHNY E(HF(mm) 2L FHAA
218 ANY 23 Fezol ASE Fig. 113 o]
Uehdeh, Eo) gl ARl Bekact A5t 58 F
Asp] sk A% B 4 g ol Zezebi
24000 7
20000 "l
16000 -

12000

8000

Plasma intensity

Reference Maximum
Reference (average of 5 results)
— Reference Minimum

4000 1]

0 T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600

Welding length (mm)

Fig. 10 Reference Max. and Min. values of plasma
intensity

24000 7

Reference Max.|
— Detected signal
— Reference Min.

20000

16000 1

12000 7

Plasma intensity

8000

4000 -

:

0 . L
1200 1400 1600

T T T T T
0 200 400 600 800 1000

Welding length (mm)

Fig. 11 Plasma intensity variation at 5 hole defects

b AR fHANRE on|it), g A A
e Eolze A5t ge AT B 948
JealmA SRR Holgh 1~5WH 2
2 ol gHEL BA AEE
Foh 1A, 3WA, 49A Eetzeh AEE EolA
180 AEEAA G438 Fetznt FErt sk ok
2 "olAt} th] 7)Eo] WAEHA Bekdgglo] F
1 Zglzulyl Bokdglt Audda G435 Agtez A
oA B FAR A e FRolrh 244
e 7180 = FE FA7 Hi B4 ESlo] Hof
Beordal Az 383 Zakzv Aeo) A 97 A
~o}ﬁiﬁ‘r7P 71%0] 3} =HHA kgdd oz Hojn
T2 Z& 7V g 5 /AR A9Ee
HANAN E HBA 71Z0] A% FA7L B
01‘3} sAsle] Ao A¥E EHo] 9 Eo)
o] go} Ao ojaf gke wiEe] Hn U
© 270 9§ 3R] WwEHo] & A Fo}
2 delA §Ael shpez Fehzel 2wt @

rO
o
O

¢

8 0 g o
2 L
)

Ny

-{o
i It oo ©
Hr oﬁ

S

7aFolct. &30 BEAEA ol Fojzl & AdAe
43 3’42 Photo 4% 2t}

4 F8 75 2 ZE20 AME AEATIRA
#olA §34% Fdsh= 4H-E Photo 5914 HAAFm
o, %Xq%‘%k"] A8 AR k2 AejdA &3
H FEE Photo 694 & & itk & A4 AF
2 Vq SHFE (Korea) 9} U3 23S 2183

9]FAHCermay) AEQ wlo]aR H|A A AEZE)
%1 100g)9 Hlas Fig 12914 BAFa ik, F
g A= Aole glovt TN AEgke] B
ax]-_o‘ _Pr/\}—s].p}. o}o]t: Z2xv z};g]é o].g_a]. 2uo]
2 AfolA A
K)sh 92HG) AFL BE &

W88 AAT Photo T& HE 2
A ol SR

(a) hole 1

(b) hole 2

(¢) hole 3

(d) hole 4

KA RPEEE H214% HTE, 2003F 128

(e) holeb
Photo 4 Poor welding quality at hole defects

745



40

A B oAE PR - 2HA - ol2E - ANE

Photo 6 Laser welded tube with good welding

quality
310f
320*_ —m— KOREA
t —&— GERMANY
300
-
22801
@ 260F
¥ L
< | =
E 240} HAZ +base metal
<
I 220
zoof
180F \/'
) —— — — et

0 50 100 150 200
Pasition of measuring, mm

Fig. 12 Comparison of hardness distribution

108.9bar(K)
108.9bar(K)

139.2bar(G)
139.2bar(G)

Photo 7 Fractured tubes by hydroforming

AR7E obd 2 #R7t dojurzg 8HFE o
Fstn € & dov g=FFol F o k2 Y
eld sl ok AZAFY R JFWR}

glo|A &xxzo] B det tam o ZoA deF
2] go} B AFoA Azt F29l oZAES vust
71 98 2HFE AT, 4T FEHE I
22 233 4% 26mmE & A7l AF3 KRB

l—N

746

of 7+ Ho gk (A 7= 45mm(K)
25mm(G))
4, 2 3 F=¥ diot

2 QTN CO; HolAE ol §8 £4 FH A
4 % Fuol 2o Yoy gu] AR §
A 24 2§ F4 SUEe] B8] aFsge
® o ZaE o 2e) 2okE 4 ot
1) uel o) Wge) By 29E &
44 AN Fzrt ANE A
A $14AE YA,
2) $44 FAFAAN ok 943 AES dolA
EAlsl= TEAE Aplahe ONCE el §4:45%
o AN LARANES se] FAP &
He F49 & dded. Uy %mu s 2

4E =Y W‘?—l 5 °‘5\’2er
3) 2 roll ‘iﬂ%‘%‘ﬂﬂr COqz #lolA &40l & 7
1.5mm, A& 105.4mm, Z°] 2000mm<! A&t ¥
H & 60kgf/m 23 ;l_f_o"E #olA &4 FH A&7
& FHsT

% |
2 97 21C ZEE O] AT AR AT 24
AE71e)9 Al o FP=HAFUT
20 2 8

1. F. Coste. P. Aubry, R. Fabbro, T. Dubois, “A Rapid
Seam Tracking device for YAG and CO2 high speed
Laser Welding,” Section F-ICALEO 1998, 217-223,
1998

2. P. Aubry, F. Coste, R. Fabbro, D. Frechett, "2D
YAG welding on non-liner trajectories with 3D
camera seam tracker following for automotive
applications,” Laser Appls. Auto Industry, Section
F-ICALEO 2000, 21-27, 2000

3. E. Beyer and P. Abels, "Process Monitoring in Laser
Materials Processing”, Laser Advanced Materials
Processing(LAMP92), 433-438, 1992

4. A. Matsunawa, J.D. Kim, Takemoto and S. Katayama,
"Spectroscopic Studies on Laser-Induced Plume of
Aluminium Alloy”, ICALEO '95. Laser Institute of
America, 80(1995), 719-728,

5. W. Gatzweiler, D.Maischner, E. Beyer, “On-line
Plasma Diagnostics for Process-control in Welding
with CO, Laser”, SPIE, 1020, 142-148, 1998

6. J. Beersiek, R. Poprawe, W. Schulz, Hongping Gu,
R. E. Mueller, and W.W. Duley, "On-line Monitoring

Journal of KWS, Vol. 21, No. 7, December, 2003



COy #olX &

L4

Z]

1§ SHFL AZFHAMY SUH 34 2 §4F

i

e 41

of Penetration Depth in Laser Beam Welding”,
ICALEO 96, Laser Institute of America, 1996.

7. Gi-Jung Nam, Ki-Young Park and Kyoung-Don Lee,
“Study on the Characteristics of the Plasma Induced by
Lap-joint CO2 Laser Welding of Automotive Steel
Sheets” , Journal of KSLP, 5-1 (2002), 33-42 (in
Korean)

8. L. Li, W. M. Steen, "Non-Contact Acoustic Emission
Monitoring During Laser Processing”, ICALEO '92,
Laser Institute of America, 719-728, 1992.

9. H. Gu and W.W. Duley, "Resonant Acoustic Emission
During Laser Welding of Metals”, J. of Phys. D ‘Appl.
Phys., 29, 550-555, 1996

KERIGHIAEES 2148 $TH], 20034 127

10.

11.

12.

During Laser Welding of Metals”, J. of Phys. D :

T. Ishide et al, "High Power YAG Laser Welding
and Its In-Process Monitoring Using Optical
Fibers”, Proc. ECLAT, 183-192, 1994

M. Watanabe, H. Okado, T.Inoue, S. Nakamura
and A. Matsunawa, "Features of Various In-Process
Monitoring Methods and Their Applications to
Laser Welding”, ICALEO '95. Laser Institute of
America, 80, 719-728, 1992

M. Ono, K. Nakada, and S. Kosuge, ” An Investigation
on CO2 Laser-Induced Plasma,” Journal of JWS,
10-2(1992), 239-245 (in Japanese)

47



