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This research was undertaken with the objectives of elucidating dominant generation factors of spattering and
underfilling in butt seam welding of pure titanium with a pulsed Nd:YAG laser, and of demonstrating adaptive control
procedures effective for reduction in spattering and underfilling. Large spatters were confirmed to be caused by the
irradiation of a high peak power laser on a small molten pool. Low peak power was maintained until the heat radiation
signal represented the designed effective size for the prevention of large spatters. The generation rate of spatters over 100
im in diameter decreased by one eighth times that under normal control. As for underfilling, the larger size was produced
with a wider gap, and the gap size corresponded to the periods below a certain reflected laser intensity because part of a
laser beam passed through the gap. Laser peak power was controlled at low level until the reflected laser increased after
the formation of a molten pool bridging the gap. As a result, underfills were greatly improved by half sizes smaller than
those made with a rectangular pulsed laser. Therefore, adaptively-controlled low peak power was beneficial to the

reduction in large spatters and underfills produced by wide gaps.
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Fig. 1 Surfaces and cross sections of micro butt seam welding

of pure titanium with pulsed Nd:YAG laser.
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Fig. 2 Monitoring results of typical butt weld of pure titanium,

showing YAG laser pulse shape, reflected light and heat
radiation signals, and high-speed observation images of
spatters occurring from spot molten pool.
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Fig. 3 Features of spatter generation during laser
irradiation at 1.6 kW peak power.
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Fig. 4 Relationship between spatter generation and heat  radia-
tion from Ti subjected to pulsed laser at 1.6 kW peak
poOwer.

EL, FOROEMBRL 04 nm BETH - /. hu

LOETIE, ANy yOEETERE L. 2, %I
ALY IBRIEI NS WS, BT —EED 1/_47L
Lﬁbm@h#v%:fi%ﬂf,xﬂyyﬁkﬁmﬁ§

L, B ES AR 0.4 mm(BRFE AR 0.9 uW) %
RBBEIECHEET L, BBEIED I, 25y s
BENMBITEL I LR ENS.

0.4 kW £ 08 kW DL —HXT— 200 Th, A/8w ¥
DEEREATEL . V- —FIZ, v — 2880
ESHBHICOWTA/NN Y ¥ ZHZE 100 um BLEEFNE
WICAHEL, ENEMUYS0R Sy s OREREYE LD
725 D% Table 1IZ/RT. 16kW CORHLIFERETY,
Fig. 2 & ARk A5 A E, 1 ms LARICER 100 pm %
BAZARERYAXDAISY 9%, 124 mmY/s 5881,
DREEREHBLTHE L, FOROEETT 2 mm'ls
ERY, 84 %A LT TRICHL, 04kW E 08KW T
DEEFTIL 09 mm'/s LT T, BHREIIKELY A XDR
/\v&ﬁdWLﬁé e <, BRIC, 04%kW TIE, ANy

DELEPFDBLYVIZONLZ E B END,

u;@m%;m REBEBETTCORCY 1%, 0.8kW

PTFoENT -V —FBECHEESIZ 5225, 1.6

kW T, EE 100 um Z#E 2 2 ﬁ%%%@ﬁu~%%%%
U muﬁb ERWIIEE L T, BL Y

=N II L, BRIV E B DILEE I bR
W EHEE AN, FLT, 1L6kW OBEE, AR
2704 mm(AREERAE R CIEBARGHERE 0.9 pW)il T THE
ThE, RELTAADAINy ¥ ORENENEH D 5
ZE LR E N,

Table 1 Generation rate of spatter at each laser peak power.

Welding condition (a) (b) ()
Peak power, P 0.4 kW 0.8 KW 1.8 kW
Pulse width, W 30 ms 10ms 5ms
Average
Generation Rate g 4
of spatter fromOto tms 0 047 0.53
bellow 100 um Average
5 .
[mm?/s] from 1 ms onward 0.18 0.88 0.5
K Average
Generation Rate | om0 to 1 ms 0 0.65 12.4
of spatter
over 100 pm Average
[mm®s) from 1 ms onward 0.05 0.58 2
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Fig. 5 Flow chart of adaptive control for reduction of spatters.
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Fig. 6 Monitoring results under adaptive control for
reduction of spatters.
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Fig, 7 Welding results under adaptive control for reduction
in spattering.

Table 2 Generation rate under adaptive control for reduc-
tion in spattering at 1.6 kW laser power.

Under Without

adaptive control adaptive control
irradiation time of 1.6 kW
Laser power i1ms-18ms Sms
Generation rate of spatter 1.48 12.4 2
over 100 pm [mm3/s] ) (0-1ms)  (1-5ms)
Generation rate of spatter 48 0.53 0.5
bellow 100 um [mm3¥/s] g. (0-1 ms) 1-5 ms)
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Fig. 8 Welding results under existence of gaps.
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Fig. 9 Features of welding results produced by each gaps.
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Fig. 10 Monitoring results under adaptive control for underfills,
showing laser pulse shape, reflected laser and heat ra-

o 3

diation signals, high-speed observation images of spot
molten pools and cross sections of Ti joints with gaps.
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Fig. 11 High-speed video images showing formation of

bridged molten pools over gaps.
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Fig. 12 Relationship between gaps and monitoring signals
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Fig. 13 Flow chart of adaptive control for underfills.
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Fig. 14 Monitoring results under adaptive control for reduction
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Fig. 15 Welding results under adaptive control for reduction of
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Fig. 16 Seam welding results under adaptive control for reduction
of underfilling in case of 100 pm-gap existence.
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