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A Study on Effects of Parameter for the Butt Welding of Zircaloy-4 Sheets Using
Nd:YAG Laser Beam
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Abstract

An investigation was conducted to determine the influence of the welding variables
such as beam power, travel speed, pulse duration and defocusing on the laser beam
weldability of Zircaloy—4 sheets with a pulsed Nd:YAG laser of 550W average beam
power. Based on the butt-welded and bead-on-plate welded specimens of 1.39mm and
2.0mm thick Zircaloy—4 sheets, the welding characteristics of two different welds were
compared in terms of penetration and aspect(D/W) ratio of the weld bead, bead cross
section, weld strength and microstructure and mechanical properties. Fracture surface and
microstructure of laser butt welded Zircaloy—4 test specimens were examined by optical
and scanning electron microscopies. It was found that the tight gap between sheets was
important to make sound welds like the bead-on-plate weld. The effects of welding
variables on the aspect ratio and strength of butt-welded specimens were similar with
those of bead-on-plate welds as long as the tight gap was kept.
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Table 1. W3] ot 3

Beam Power olE&E L R3E 7t~
100-250W 200mm 1504/min
Table 2. 5 &xol 9 g3k
Beam Power ol &L RIEZTFA~
150W 100-350mm 1504/min

Table 3. E2Zo|| 23l gk

Beam Power ol T& pulse¥
200W 200mm 2.5-7.5ms




3.1 83MFel HE A5 9%

3.1.1 laser beam power?] Wsto] olgk
dojA o] 8y A= &dzolo dFS VA= TaT AR 8 FYPs A5
AW ez AAsto, dolAd 9o wE §dzlold IS ARSI Zircaloy-49]
Nd:YAG &FHoA] W ZHAX= AEFHo| 12%3a1 pulse width 7.5ms, pulse frequency
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13.5Hz, olg&%EE dAsHA fFAstHAM Table 13} #Zo] =& WA Fig. 1A
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Z7= A Ede] o 2 JquAE F Agrdoziyg Yz 9 dd(heat flow)o]
desto]l §359 2ol TUE ez AztHE.
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Fig. 3 Cross—section of laser weld depth and width between butt joint and bead on plate.
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Fig. 6 Cross—section of penetration depth and weld width with welding speeds
(a)150 mm/min in butt welding (b) 300 mm/min in BOP welding
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o & 7ol AT & Aok &EFY FAA == FAH (2.5ms-9ms)o] A48 AR
(Fig. Dol wa} do] AsiqHolA UH7kA] HiF ddyo] F716qlal, 9ms o] delA = &9

o8 fAHE Aes Alsdt. HFEFYCKW)S FAT el 2

A d Al deA = FaFo] St vldste] HiolyA® S7HFig. 1009
A Ak, T AR E(pulse mode) &F A= D2Eo] Sms7HA = H| = Zo|7f g5

5t =718 Roli, 5msolA 20ms7A = EF(saturation) NE]E o] AAZ3 Hdro =7}

o
whel gdzlole} Fof WMol A AA FAHAG

xo b



56

g
=)
=3

i

©

a
T

—m—7r-4 (1.391) ’
—e— Butt

55 L

[
©
S

T
L]

=
=)
S

T

I
o
a

T

Weld Strength (Kgf/mm2)
g
Bead W|gth(mm)
\
\
\
\\
\

53 1 1 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10

-
N
=)

Pulse Duration (ms) Pulse width(ms)
Fig. 7 The effect of pulse duration on the Fig. 8 The effect of pulse width on bead
weld strength width
2.00
18
1.95 [ i —®— pulse energy(J)
—e— Butt

T F /-/I =1
£ // '/ T’S:
£ ./ o121
S5 - o
= o« Tk
° " 8t
8 1.80 [ 3 sl
i) L

175 ° j

ok
1 1 1 1 1 1 1 1
L0 ; ; ; ; :3 ; é ; 0 2 3 4 5 6 7 8 9 10
Pulse width(ms) pulse width(ms)

Fig. 9 The effect of pulse width on bead width Fig. 10 The effect of pulse width on laser

pulse energy

3.1.4 W1 %% (defocusing) Ws}ol] 2fgh o &k
dolA &38S 60J(H#E9 200W, pulse® 7.5ms, pulse frequency 13.5Hz, ©]%
£ 200mm)FHl A 2Fo] AREHEE 7IE0)oxr EAEH S W3k (positive defocusing)&
+3, g WH(negative defocusing) W3S -& AH3Fto] + 304 -37kx] WA A BT} F

sAe) BN AFEHIA s 2o Aol A dolAMe AzlE Bstelol sht, 2mm 7
s ol 49 2ol ¥ F B} 3
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Al o)l AlsoAE W 2ol HW olefol At

1ol -wWk(negative defocusing)ollA A= &QEAo] 9-FabA vepdtia &, o9
ol HA W =H AT Al FAAet ARgEolA Wl Y wE vgEY. 2 AgdA=
2.0mm A9 A5 xH 0.5mm oFdl H&EE WEHA Hd &9 zolef F& Hl AL
2 A4 W 23 AR B A E ARFFY Bovls ¥R AsE WAkl

AgArel o] AeE 7heeh WA E dElsto] 2E(spatter)® gk d=9 &443 o] A A
ks WA 507} A3 W 23S +30 AAFig 11(a) 25 ®, §5FL WA 34
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Fig. 11 Effect of defocusing on th weld formation
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Fig. 12 Microstructure of Laser Beam welded Zr-4 specimens (X100)

Fig. 13 a)T Zircaloy—
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(c) (d)
fig. 13 SEM fractographies of rupture by tensile test of Laser Beam welded Zr-4

specimens.
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