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Abstract

A new laser welding system for the appendage of bearing pads of PHWR nuclear fuel elements has been developed.
This system consists of laser oscillator, a optical fiber transmission, a monitoring device and a welding controller. The
basic welding experiments of the appendage of Zircaloy-4 bearing pads were carried out. The laser welded samples
were investigated and made by using the optical fiber of Gl 400um. As a result, the seam welding with the bead
width of 1.0mm and the weld penetration of 0.3mm could be accomplished.
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Fig. 1 Joint configurations for the appendage welding
specimen
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Fig. 2 Schematic illustration of the welding fixture
and nozzle
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Photo. 1 The laser system for appendage welding
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Fig. 3 Schematic illustration of the optical fiber
transmission
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Table 1 The typical programmings for appendage 0.5 Ontical foor (5D 400
welding [ ~®= FZ:FZlength of b pyise width : 2.5 ms
= cladding tube Pulse frequency : 10 pps
— g
; PROGRAM NAME - Laser Welding Machine for Bearing Pad, jig~i30 E 0.4 L 2 L ]
DEL SETUPP . *
DEF SETUPP L[:
TRACE! ~
INFNC1-2P JINPUT #1{CONTROL MODE ENABLE SMW-ON) DEFINED TO SELECT PROGRAM #1 @ 0.3 3
INFNCZ-A NOMAL INPUT(EXTANDED (NPUT) g /
INFNC3-A INOMAL INPUT(BCD GODE JOG MODE) 9 ‘/'
INFNC4-A INOMAL INPUT(BCD CODE JOG MODE) 2 09
INFNC5-A INOMAL INPUT(BCD CODE JOG MODE} @
INFNCE-A INOMAL INPUT(BCD GODE JOG MODE)
INFNCT-A INOMAL INPUT(RUN SMI
INFNCS-D STOP INPUTISTOP SW 0.1
INFNCO-L JOG SPEED SELECT INPUT
INFNC10-A INOMAL. INPUT(HOME SM) t : L . L L L
QUTFNCI-A 'STANDARD OUTPUTICONTROL BOX MODE LED) 60 70 80 90 100 110
OUTFNG2-D {END OF TRAVEL LIMIT (ERFOR LED) Laser power (Watt)
OUTFNC3-B MOVING/NOT MOVING AXIS(RUN LED)
OUTFNGA-A STANDARD OUTPUTIEXTANDED OUTPUT LED) Fig. 6 Dependence of laser fused zone on laser powers
INSELP250 [SELECT PROGRAM ENABLE, STROBE TIME IN SOMILLISECONDS
LH3330 HARDWARE LIMIT SWITCH ENABLE
HOMV333 HOME VELOCITY
HOMVF1, 1,1 HOME BACKUP VELOCITY
HOMBACT 1) HOME BACKUP ENABLE
HOMEDG11 HOME EDGE
INFEN1 JINPUT FUNCTION ENABLE
OUTFENO JOUTPUT FUNCTION ENABLE
JOGOOO JOGI0=DISABLE, 1=ENABLE)
JOGAS0S05050  1JOG ACCELEATION

JOGAD100,100,100,1 .JOG DEGELEATION
JOGVL0.3030303 JOG VELOCITY LOW

JOGVHS,553 WJOG VELOCITY HIGH
COMEXLI11

ERRORO0000001

ERRORP ERR ERROR PROGRAM ASSIGNMENT

QUTO000
END

AN BelAisd ola) ARHe AEEE
A7 Al sAbE e A48 Asled $23 9
&g shAl €oh. 23 Nd:YAG dHolAe &H3Y
of 4L F= dolAHse dadix], waE 4
2E 2493 3 olFEe Folrh & g2 oldt
oe] 7hA| Mol whel A3 AR A g Ege] &3

gl 01‘%711 HaheA] dof Hydt
i Aol AHggh go| AR o7
o] Ak tﬁﬁ‘r 7S w v=g &3zee] #AE
Heouze F7l wet &3AIH

il

- Optical fiber : 400 pm
; ‘penetration depthll pocal length - 95 mm 425
‘bead width Travel Speed 1 180 F

o 04
&
= H1202
2 // g
S 03 r
=] a 11572
£ / 3
g e b
= 0.2 » <
o . L

5 i/ 10
]
o

0.1 Jos

OO 1 1 1 1 1 L 0.0

5 6 7 8 9 10 11 12

Pulse energy (J)
Fig. 5 Relation between bead width and penetration
depth on laser pulse energy

44

(a) Laser power, 60W (b) Laser power,90W

Photo. 2 Transverse section of appendage welding
dependence on laser power 60W and 90
W (X50)
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(b) Rear of bearing pad

(a) Front of bearmg pad

Photo. 3 Typical appearance of laser welded samples
(xX8)
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