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. Visualization of weld plume using high-speed holography
Sung-Hoon Baik*, Seung-Kyu Park*, Min-Suk Kim*, Chin-Man Chung** and Cheol-Jung Kim**
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Abstract

The real-time holographic interferometer with digital high-speed camera is applied to the
experimental study of laser induced plasma/plume in pulsed Nd:YAG laser welding. A pulsed
Nd:YAG laser:with 1.2 kW average power is applied to generate laser induced plume. The
recording speed of the high-speed camera is 3,000 f/s. The high speed photographs of weld
plume without another visualization method, are compared with the visualization photographs
with holographic interferometer. The radiation intensity from the laser induced plume is
recorded by the high speed photographs, which fluctuated during laser radiation and
disappeared after laser end.

The density distribution of the plume is recorded by the holographic Vlsuahzatlon method. The
experimental results show the process of generation of the laser induced plasma/plume, and give
the feasibility of quantitative measurement of laser induced plume in laser welding.
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Fig.1 Schematic diagram of holographic
interferometer for visualization of laser
induced plume
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Table 1. Specifications of laser welding

Specifications

Laser

Pulsed Nd:YAG laser (average power 1.2 kW, Rofin-Sinar)

Optical fiber Core diameter :

0.8 mm, Delivery : 30 m

Optical system F-number :

3, Focal length :

150 mm

Laser pulse
Spot size :

Pulse width @ 7.5 ms

Intensity distribution : Circular (multi-mode)
Energy per pulse : 7J, 10.5J, 15J, 19J
0.72 mm*

Peak intensity : 130kW/ew2, 195kW/enz, 278k W/ex?, 352k W /e

20mm
(a) 4th (b) 5th (c) 6th (d) 11th

(e) 16th (f) 23th (g) 25th (h) 30th

Fig.2 Laser induced plume recorded by high-speed camera (Pulse energy = 10.5J)
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(a) 4th (b) 5th (c} 6th (d) 11th (e) 16th (f) 23th (g) 25th (h) 30th

Fig.3 Holographic fringe patterns of laser induced plume and vaporized metal
(Pulse energy = 10.5 J)

a) 2nd (b) 4th (¢} 10th (d) 22th (e) 2nd (f) 4th (g) 10th (h) 22th

Fig.4 Laser induced plume and Holographic fringe patterns (Pulse energy = 15 J)

a) 2nd (b) 4th (c) 10th (d) 22th (e) 2nd (f) 4th (g) 10th  (h) 22th

Fig.5 Laser induced plume and Holographic fringe patterns (Pulse energy = 19 J)

o, W] 255 AN SEE FFELhEol U #HI.

71 & Fit= o = AL Fig.30M & 5 9 Fig.4e F2 3 oA 7t 156J 4 we] 43 Aol
. Fig.3 o vehd A=z deke Jle HAFEH+e o Fig4d9d n&aeE AR 2808 82 1 &
carrier fringe7F ot i, T2 o] o/ HelAl  F3 A2 Fig.29] ARzl vj&] =& Fe] 1/20|t}.
vhatg HolAW e R E, EE9 5F= F  Fig2, Fig.39 Z3s viwsie Aoz a1 =

20 ' Journal of KWS, Vol. 17, No. 1, February, 1999



1 E2a3d g 88 EF ATY 7S 75
o] ZFo] A=z, FojA A wako g F3| 4k Fo WYL Bsle T shie whioes 8717}
2S¢+ U qol, a&FvE AR E golA ok =3 oiRE AV nER/a0te FEE
ZAL 2710 e W B, golAst AR FE AMgsted vlE, B AddAM e urte] BEE
ZAE & Bedle EEEgo] B4 58 ¢ 5 Ut ES AR g, EAE s Al e A

Fig.5e B2 7 dyA7} 19 € wie 43 2842 & dS ¢ I
Az 2ME 112 32 YT Aot &7 FF e %471 7t2o & Z59 AA AT
2 AN ZEe %»&3 AR ZE ol AetA Tl B IHE ASHoE 4% dFHolH, oF 7]
dehta 1084 e daia ez oksbs, 2284  F9S AHgdte B2 2RO A IYeE A
ZHdole &7 E FEAMT A BAEa Y FH SH S AEY Aot

A ¥

oh e AA EES ol F e FEYAY &2 §
o] 2y 7}431——4 AR A & = lFo], Hd
A BT L W4EY g SR ﬂ’%}i’— %
o EME ﬁ]ﬁ@,gi g0l 2L U+
g Aot

golA Hx uA7t 7 J 4 W] A3 A=

.l_é.\—ﬂ“ﬂiM] o)t %"34 29 7HA 3 29 42

o)A &3 E F2AAT e 25 2
}é‘l"’]ﬂ' FAEHL o)A ZAL AZEEbIY oA
7t AE o= AR g3t &, o] 2AdANE
ZEol A9 A Fdm b FFo| Wrd
S AEdax A wAEA g3t o] 48 23
B =2 Az gk},

AY Ao M @& A FH= 74 2o dd
ALEAQ FEE /I3 glerz 7]&9 shadow-
graphtt schlieren 7}x]8} ¥Ha]o vlste] 743 2
H7t AFHolg & 5 sloy, =3 /S A=t F
the Aol Aok, 22y ARAZE Y FH A& F

gol o3t B 43 Afe TAAFHY FFH 2o

AgHolojA AHHFHQ ARE A= ZFH.

=

e

4.2 £

AN 22y A a&IEE AL
o, #olA 97l EEE 7P Eetn nde2 4
At x| T8 AAE Mg @2
FHeetel] @ #9d F59 ARF, FRaYS
AAlG os 7HAE E B4" E52 olFe T
TULY F9AAE vl wstgth. 1 ARl A
oA ZAMZE TUX EEE B F UNeH, —'%i
T 7B AR Cl M e o)A B o] F-9f EF
W 32 gy Asd A FRE T
FHE £ 7 AN

T2 A o 84 39l 7 E
2 Gyt ZHAAG VA 2 AL HEE B

ta Sitte "M 71E9] 7R 8 oy AR A

2wes bk s

rlr pe E £ Jl-)

i

[}

KGR B17H $19, 19994 2R

ikl

1

O
rg

1. A%, A4, 24%, Nd:YAG #HolAE ©
43 %71%*!!71 ALH# sleeve B £H A7)
gZdAEets] 95 FAGELRE =8 II,
(1995), pp. 961-966

2. W. Catzweller, D. Maischner, F.J. Faber, c.
Derichs, E. Beyer, "Model of dynamic
behaviour in laser beam welding,’
Proceedings of SPIE, Vol. 1132, (1989),
pp.157-165

3. Takashi Ishide, Yasumi Nagura, Osa
Matsumoto, Tadashi Nagashima, Takuya
Kidera, Akira Yokoyama, ‘High power YAG

welded sleeving technology for steam

generator tubes in nuclear power
plants,” Proceedings of LAMP "92,
(1992), pp.957-962
4. Isamu Miyamoto, Kiyokazu Mori,

“Development of in-process monitoring
systems for laser welding,” Proceedings of
ICALEO " 95, (1995), pp.759-767

5. Akira Matsunawa, Jong-Do Kim, Tadashi
Takemoto, Seiji Katayama, “Spectroscopic
studies on laser induced plume of aluminum
alloys,” Proceedings of ICALEO " 95,
(1995), pp. 91-100

6. H.C. Peebles, R.L. Williamson, “The role
of the metal vapor plume in pulsed
Nd:YAG laser welding on Aluminum
1100," Proceedings of LAMP " 87, (1987),
pp.19-24

7. W. Gatzweiler, D. Maischner, E. Beyer,
“‘On-line plasma diagnostics for process-
control in welding with CO. lasers,”

21



76

WYE ST - AUN - 3AT PBF

22

- Proceedings of SPIE, Vol. 1020, (1988),

pp.142-148

. Jian Lu, Chang Xing Wang, Xiao Wu Ni,

An Zhi He, "Optical measurement for the
initial stage of laser-produced-plasma and
shock wave on the surface of an aluminum
target,” Proceedings of SPIE, Vol. 1553,
(1991), pp.430-433

. A. Matsunawa, S. Katayama, "High speed

photographic study of YAG laser materials
processing,” Proceedings of ICALEO '85,
(1985), pp.41-48

10.

11.

12.

Yuan Yonghua, Liu Changling, “Shearing
interference diagnosis of laser induced
vapor plume,” Proceedings of SPIE, Vol.
1553, (1991), pp.670-675 v

M. Essien, D.M. Keicher, “Enhanced
imaging of a pulsed Nd:YAG metal vapor
plume,” Journal of Laser Applications, Vol.
10, (1998), pp. 85-89 '
BAE, TAA, FEF, AT 2ROy
QAAE &8 2439 7N &8 B,
Vol. 6, No.2, (1993), pp.198-203

Journal of KWS, Vol. 17, No. 1, February, 1999



