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SUMMARY

I. Project Title

Study on the high-precision laser welding technology of nuclear

fuel elements processing

II. Objectives and Importance of the Project
The proper welding method for appendage of bearing pads and

spacers of PHWR nuclear fuel elements is considered important in
respect to the soundness of weldments and the improvement of the
performance of nuclear fuels during the operation in reactor. The
probability of welding defects of the appendage parts is mostly apt to
occur and it is connected directly with the safty and life prediction of
the nuclear reactor in operation.

Recently there has been studied all over the world to develope
welding technology by laser in nuclear fuel processing, and the
appendage of bearing pads and spacers of PHWR nuclear fuel
elements. Therefore, the purpose of this study is to investigate the
characteristics of the laser welded specimens and make some samples
for the appendage of bearing pads of PHWR nuclear fuel elements.
This study will be also provide the basic data for the fabrications of
the appendage of bearing pads and spacers. Especially the laser
welding is supposed to be used in the practical application such as
precise materials manufacturing fields. In this respect this technology
is not only a basic advanced technology with wide applications but
also likely to be used for the development of directly applicable
technologies for industries, with high potential benefits derived in the

view point of economy and industry.

_iv_



III. Scope and Contents of the Project

The items covered in this study are as follows;

A. Development of laser welding devices for the appendage of

bearing pads of PHWR nuclear fuel elements
i) Design and construction of laser beam generator
i1) Design and manufacturing of optical fiber transmission
iii) Development of welding monitoring device

iv) Development of welding controller device

B. Welding experiment of the appendage of bearing pads of
PHWR nuclear fuel elements

i) Preparations of welding specimen and fixtures
ii) Investigation of welding geometry

iii) Optimizations of laser welding variables

C. Study on the characteristics of laser welded specimen of

bearing pads of PHWR nuclear fuel elements

i) Analysis of weld beads for bearing pads

ii) Analysis of weld penetrations for bearing pads
and cladding tubes

ili) Investigation of welding distortion for bearing pads



IV. Result and Proposal for Applications

A. Construction of high-precision laser welding device

The developed laser generator, which has a stable structure with
10&% of the laser peak power and 200W of the mean power, is
variable in a range of 0.1-10ms pulse width. Its repetition rates
were 100pps at maximum and the spot size of the laser beam

appeared to be 300-400un.
B. Development of peripheral devices for the bearing pads welding

Peripheral devices using the laser generator, such as the optical
fiber transmission section with 400zm of the core diameter, the
coupler section and the welding control section, were designed

and fabricated.

C. Optimization of welding variables and manufacturing of welding

samples of the appendage of bearing pads

The laser welded specimens were investigated and were
experimentally manufactured by utilizing the optical fiber of GI
400um. As a result, the seam welding with the bead of 1.0mn or

less and the weld penetration of 0.3mm could be accomplished.

The results of this research and development are to be applied to

development of the welding technology using the laser beam that can
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be used in PHWR nuclear fuel elements including small parts, and
special metal. The laser apparatus having a stable resonator with
10kW of the laser peak power and 200W of the average power was
independently developed only by the domestic technology. Also,
peripheral devices, such as an optical fiber connecting device using
Nd:YAG laser, a coupler section and a welding control section, were
manufactured, and further, the bearing pads and spacers, which was a
precise parts of nuclear fuel elements, were experimentally welded by
using the laser apparatus and the peripheral devices. For applying the
results of this research and development, the results of laser welded
specimens using the optical fiber transmission and peripheral devices
will be provided as basic data for the appendages of PHWR nuclear
fuel manufacturing. Further experiments will be made in close
cooperation with manufacturers in order to apply the welding of
bearing pads and spacers using the laser to the production process of
nuclear fuel elements. Throﬁgh such experiment, the related
technologies will have to be accumulated over a long time so that
commercialization of the laser welding may be demonstrated and all of
the laser processing technologies may be activated in the local

precision processing industry.
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1. A A B-ze) B3

428 Jd24FAE U0 2247 299 ¥4 0.4mm, 974
13mme d85% 3749 iR FAHe e, ddm FHAFAWA
Zr-4 S BF Aol 94T 2HF & FANES JEF W 19 2.1.1
st zo] AAA L FAAME 71T BAEL FFAAD. olE AR
Well X S8 qhgo] Lo 9k 37709 dEELE o] Felz] ¥
FAWA tubest tubedtele] A, AQs ARG JPRe PH L
At et & B2 33, Y5 EF2E JF tubed] AT W
el A7) tubed] &3E WA 57 § el

A5 FHl wet F2AE9 Jest G, Aoty AR A
23 A4 g A Zr-4 FHEF W6 BIEL AP HH L
2 ANAFEHA vl 2L TEA FYHRE JGFRo T HIYR
o] Wigo]l &y W&o 2528 Adg AxITHANE BFES A
22 Bye|qe] FgHch[6] |

%
rf.
d
2]

2. A% A=

Zircaloy-4+ Zirconium®} Sn, Fe, Cr 52 22 & 373 Zrd s
o524, WIIEF 510C~520TeA  2A7Hger =3t dxeid
Zircaloy-4 S ERL grain 2717} Zolwder FF 15um, FHEHIFL
2 4~5pmols], 480~520 Mpad] FEZES 560~600 Mpa®] UAZE
£ 1. d7EEF 600~640CHZCA 6~7A7HE<E Annealing®
Zr-4 FA = AARAHe] AR 12~15¢m 27|19 epuiaxial graing 7}A]
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w, ¢ 350Mpa®l #E7Z=e ¢ 510 Mpadl ARZEE Ve [7] I
2 &, Hxes Adsy $AAYS o
] F&HEBZ2 10" mbar ©] 422 19 2.1.28 L IAFA Hi o]
A 327t g e]of gl

Be #4& 2344 55 wudel 43 §380 ol A4y

)
3 mewRgAe] B Zro] Ak, 5

ox
o

Astag Zr-49 &4 brazing £7H2 AL¥d. 5 BeE £44A
dtulo]l Bed HAEY gl 2F FFslr=R A, diffusion brazing®)

A E AHE-REe

7}. Principles of Diffusion brazing

Brazinge| & liguidus 7} 450°C o] Ato) 51 RANQ solidus Hul= o
2 B71AE AHE3e, AGE EEE stdEd SUHAVE S8 FEHW
2bol o] Wetting ¥ 32, capillary forced] 9)& flowd & $¥ o] A
o] ¥l Zold. «LubH <l brazing® %Al brazingde] zelE R,
brazing &ENA EA} ErtAe] &g dojux gorn, FIHAr ZA)
g2 " gF SAxA FAY TANS EE mininag ZE A&
SR A A7 A, ol &AL brazingdl e SUHAHe <
A& Ao} s, FEF & A FAHE A5 EAY erosion
< LAATL, olghE Wil E W FL ko gAY AST HAH Aol
gape ALF = FTET F FA7 fgenF H3Pde sFeo] A =
ot webxd S L HF{HY FA (gap size)d FFEA & ALE
gt FASHA A ofof g},
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1}. Characteristics of Induction Heating

HA7IAA 12450 Aste A9 2315 0] 735 olvjats wHsire

ZEASe] slch. ofAL Wty HAMe Ayy|= Aol 1a5 A o] =
Al Ao el m st HA & A hysterisis £4 %9 FEAF 23
A gEAe 71k, 7] FEAF AT AFEARA Qs A

= frE7tgolet vk 353 stdeldt AFge] AAAE FEA e s
TEAANAM o] ¥ Zdd], st e wet nFs Aqdrid 3Fs
FEZFEE el 3Fs FE/ME L inductor#tE coils AHEE F
FA gt A2 AL (Air gap) A} FEIMEsE Aol 2/E F
T coll Fol FA4A F5A A= W47 23 AL 7]FHFHe] P sE= A
# 7ol FEHAM JIAHe] AA FEARI EEEH oL 9i(eddy
current)gt &}l gF= F5A9 Xdd HFse dH e Eojg4E
2 FA e 7 728 L(skin effect) HAo] FojAA =},

Coil &9 7194l & coil&d AF7F 5o Axy] FEHE A qf
2} F7FEA] e coildt e R A{UE FEHASH, FIR57 =&
55 7tE5E0] F223 HF AFHSFY 5 o3 FHFE AT
o}, 28 Fa57F vF 2ol skin effect 1} proximity effect 5= 2L
Bl ol dtn X wet HAFE FFE MAstAo} A} 2F

7149 power source AL E 2.1.13} 2},

&L
o

£ 211 2FFH FE7129 power source A

[tem Characteristics

Power source input . 220V AC, 60-Hz, 30, 50 KVA

High-frequency

. plate-turning Self-Oscillation
oscillation system

Oscillating frequency 350 KHz

Plate output | 35 KW




t}. Diffusion-Brazing Parameters

A7 13mm, 74 0.4mm Zr-4 tube &P Zr-4 2-ZFES AFLA
7]+ diffusion-brazings $£337] $3 Hzxl= H2Ed |7Ad 5%

Beo E2H %3, g8 9o RFEE A J)E tack welding, 1
3 brazing®] £2& o]F o]z}, wetA diffusion-brazings F3F37] $
) Ad7E HLEL o83 2.

1) Joint preparation

(1) Joint design : HZAE-E& HIEHA 9o RIAI) = tack

=

welding2 A7) A3 &7 tack welding $ <A
brazing gape R8I, &R FHLo FHARFEA AT
Ao] 71538 weld joint F¢ o) LAI}ESE HAEF4 Frix] =
o¥2] bossage(projection)S 333t c}.

- line bossage

- Point bossage

(2) Part cleaning : Tack welding & 9 weld join;tﬂ Fdz7

w2 FHz|ge] wW3lel brazingd W ZHZAC oE
wettenability 3}, pore YA FE WAy 3 FFE I
o] Alx W& el

- Vapour degreasing & rinse

=

2) £7HA A
£7H49 F% Bed Mog 790 3lo AFF5F Aoz 13
o] el AN 714 EIHA FA wE AGAHIE] AH A

2
38 Zelste] 25 Be @ $AE AR5

f

3) Tack welding H4
Tack welding #8332 A2 x| HF2&

e
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o
>
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ol brazing gape ¥AT FH2E FR st Aol $3 LA L2 capacitor
typed] A7AFEH 23R discharge energy® welding pressure’} 123 5
3 e}
4) Brazing cycle
H43F YA E brazing gapF 55 Be &7HA 2k FA 53
# A9 brazing cycle® FAsE brazed joint?] LT7ZAL WL E

2735k el

2}. Requirements of Brazed Joint
Brazed joint®] TALEES AEE wF FA, tubed &FA, &
ek AARS, Zr-47re] AAFAF Zel, 253 g Zo|, v g2

Bes#} 7] X£2] =7, crackZe], ¥4 2% 5] Ut

1) g &F% 57 (Braze alloy thickness)
Beo]l Zr-4WE #X5o] JAME FAxAH HIFHE braze alloy
2 slv, Wzt $el &9 braze alloy®] 7 ¥3FAEQ F it
A BB ZHgke] £ AR 0.16mm H} Zrolel 3},

2) Zr-4 tube® 3 257 (sheath wall thickness)
Braze alloydl $3¥HAx &+ Zr-4 tubed F=FA+ 0.342mmo|
o] of glr},

3) d43re] AAASL(Number of grain in the heat affected
zone)
Brazingel ¢ w]AF28 71AF Aol Hald 8RS &
dodakiel sk, o FdHd Fd FGAFAA BAYAFE 2

A o) Ake]ofof e},



4) Zr-47ye] 2B A3} (Zr-4 to Zr-4 bond)
AGEFTAA Zr-4 7189 AFE A A Gl ol A FA
Aol ZAdda Zeold 20%°lW olejof g}, v AA YA}
ARE 71248 A & de AFAF2=E 584 der)

5) %3 gde] zZlo] (the depth of re—entrant fillet)
RN Sd2r 32T £ £ braze alloy® filletzt 3
o, fillete] FA A Ko FJdyt Al AL 2 EFH
(re-entrant fillet)g} gch. 283 $d9 Zolx 0.25mmeo|3}to] o
of gt}

6) ¥]-§2 Be(Free Be) ¥ 7] E(void)

Adde el §3lHA ¢S FF BeE vl§ZF Bedl s, Add
HElelA fA3] A} dd2r FHEY A d9E& 7=
gt ARREEY o9 ddHy EE 7]E v EE Be 9499
FHAE o] dHox FFg Holo] 259%c]He]o]of 3}u],
o] 7| Z& 1§ Bedd2 fillet oA 0.25mmeld Eof
A glofok &

r[n

=

7) Crack Zo]
AGFEFY #9L 0.04mmeololok 3, BZEo| )} tubelE HF
HojAd & ¢+l

8) EW A3 (surface discontinuities)
AHAFTE crevicert 9& Fo ZHEAS] oA <L
(1) Crevice : fillet A4 sttH7} Holz] ¢k 2314 A3

(2) Pinhole : fillet TH A9 12 A,
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1. 959 AAA FFE A 37 AL 52

2 Jddg ot QA E IS e &4,
"} o] hREL 19, 22, 28, 379 YA
R o] Fox L HAFAA g E FLT Aot JIEFSFE AR o
ol A EE AHFFES ofd JAF HFFXE ol SAHIAAG wdRAd,
AZ-E3, GTAW, dolx&3 ea BHo)qdL & Fdo =3y ¢
& Agscd 992 A5 o Az AEH o] Bie o Y
o] 714F5rE gds th Az gle] Uxe] Bhabha UAE A7FAlE -
A S H2e Vel AR 9 AL Vlestz Ak [1213] 8 #4
FE59 PN AA JleEeA Aozl B Agel AAS AT
F71es Hh R 3 A s ed o) &g A" AT AAF
A& 2Adsted o 2 AAE ol &I I THME, HAd
4349 A IS A= Y, 83 A FE 5ol J1Edd.
| Fue] LFF ARA AFHoz £I3d ZFd, Az AFs 29
kU S xS gl B Ry o Uy 23, F% QA 2
A2 AAE Fd5 AT &3 =8 & sty 7] &8t

B I3 ddE b A

oﬁ.mﬂ,ﬂ

Az AFE TFIT Gt A2 AENEE A2 d2 gtk o)
e ASH2A AIAEH, GTAW 292 AFEAE X¥he 9o ¢
A71%e AL e FA 35%5—011 A 2 2% $ES] B¥
Hog Azdn gk A 819 AGASE Fre AR Y2
2427 A4F vk Fh) Y& T AR A5 As) A
E AFAS AE AGAS] AFHeT YAt o) AT AT AP
o2 o ¥ue $4e TP 9ok

©
X,
.
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A okt 24 REAZ FE5A ST 9. e ASHeE
Z2A82 v TAE el JNEAFES M E FHAA A9 e
29 e A& 23 gtk HAE AZx ALHe] & 4 AR S
874 wEsofgt gt a) AAZ ofFEHA Fx, b) AT ZE, ¢) F4
AgAR, ) A F249 A5 2 43 ) 71588 §4 2 AR
A4, 1) W= S A% A4, o vSARAAE AT 34, 2HX
o}

h AAY & £4 dvh ALFFEAA Azay §Fe d9s
AGASAA A5A. o FF $AASHL $osch 13

of Za7) WEe] $HF Y] AATel ol AP REE We 2 Vo)
$4AZe] B3 WARE ol A2 Aol A==F FF AR vt
oh. GTAW, A%, AR, dolA, 283}, A7) B2 I3 e g Sl
Aedon Azay §3¢ $Aed 19¢ Ded AYESEE 9=
ShEold ol g5 AZA el FEIES deH 2o D) 29 4, i)
ANAE AN $4 TAD i) FAe Beol
221904 % o5 Aol o149 4 I SFT FAPPTe) FoA ek
GTAW, A48 2% Beold & i o4y Yool B

x—] }417(-1 o7 14,8.5]01 %E} GTAW, z-]
oA 4§l ko, olsh el WA A=BEol-4 HEHe] R Aol AL,

m
ofo
b2
ffo
e
ol
3o,
4
22}

2
N
(o
N
it
s
3
L
ot b
L
ofo
o)
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AT 3 o
£ 221 F4EY 4= Az $433A49 HUkx
RESISTANCE LASER
JOINTS COMPONENTS BRAZING EB WELDING GTAW
WELDING WELDING
?13.15 & 115
End cap 0.4mm thick.
A E C C B
welding Clad tube/End
caps
@¢13.15 & 11.5
Clad tube/0.6
Appendage i
X to 1.6mm thick A B C D E
welding
spacers and
bearing pads
Machined end
End plate
caps/ 1.6mm A E C C C
welding R
thick end plates

A~ Excellent.
B- Acceptable.

C- Feasible, Commercial viability to be seen.

D- Feasibility is to be checked.
E- Not considered.

- 13 -
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A%eq 22n 249840 #4248 AET AL Fo oo AP 4
2 ZelolE £ ANAE GTAW, o4 2ajz AggHol B¢
sich. AlAER, AFEF 2P AAREHAA TR e Fx
ARl e At 1YL oL T ¢
o AANERE AFANH $AHTL FF SAFoNY Fol B34 F&olA
d7] FFA2RY £4F5d WS TL REUE ATV ATEHE e
BAE, AFS Sold, A AAA, A& HAZ I o9 5}
MY Heln 5T 54% AT ek AFFSZAA VB AT ¢
& SR Aok ed APl g wol A44HT Yok BEFHNT 9
44 TAZNA Be BES AXST Jt die ddmye) U
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of whol22 SRAAL ofsh R WHE Bol BEVT. 53] Ho|HE o
$8 dolaz §4A BEF §4WL FHOE
Q7IAE $HRE FHA22 BARE A20E PARDL

oz 7FIE AAA $AE dolAgHe] AN AolA L7

e BEE st AP o2 AFF ol . oAy AEAH]

o )

A7 goldA T dolx $RWT AZWo] AR A sfol HZo] 94T
A7
1w

= deolAY FE5F shvlet 5L AxA7]7] 9159 half-mirrorE A&
sto] dlolA S 907 WA F 2w, wbabd W53 Jive F5E dAH
th. AR = dolA g dAF 2R AFFHe] FA AolHc)
SHZAAE FHEE BAY oA EAHAEE 4525 7AE HelEY F
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Ho)Exo AAD. AolALHAE ANY PAFANE 228 24
22} CCD 7Hilete A-4shgie.

off

vh oA 8 AR FA

2% 3.1.5% AAAEAHE A F AR FEAEE EA4Ed. 2
H 3.1.594 B & Jdt ust o] thF2r A o] F§ HolEd] Ax
g deolAgA sl=e] AL et dAYLer RAFHo 9t £F
Ho| zFo] BFo|AER 50mm ZHATL W29 FAYL ALt
CCD 7helzt 222 ZeaRYgd vxZEdge] . §3ZAE sHEEE
Z2 CCD 7hiets AH§3. 283 shelete) Ade X 3.1.29 2.
Adxkzql Ze CCD 7Helzte E9% CCD Fhelgtel nls] 2rlelny =77}
AR E dRo] Yxut, HZd = A=Y ZTEEHE YA A5
HAE 2¥3d Ze CCD bt dhFstAl FEE 2 o Zet
D Fivlet s A& A A AT & JdE 43 T Mo ¥4
T o7 AEd $HELSE EAF R AT F v dAY SR RA
AR e $RRE FANE B9 ol g £HAYE AAS}E A%
dck. & dHolAgFAN =gt §HHA ARE AAE A A= &
o] Agel AAs HolA&Ps =g A Ast Hjstd S o, o
de] zAo] EeAA =Hw QA 2Hol AWEA HES AYs A3
W o] Art §£3ARMN Hoh. £ P Nd:YAG #HolA o] xAE7]
i £% 9 He-Ne #o|A o] A= He-Ne #HolAqe 242 &
Hde Wik AR Fmm B 2AAYE 929 ALYAR A
shel 2 o)A WE S Fow AR A HolAgRI= T}
$RAe] $HAE o 3/5mmE AAH It 2HANE #A st
3 & TV =HAYE ZAA eH ALY & 3
AU g49& AAE Dk 29 3.1.68 dolASHIAE A3

R golALH #A E AAFxE BoErt
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=
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Power Supply

[
Camera
Extender 1 |
Lens
Filter 56 00
' Target Display Monitor

@,

Optical Fiber

Mirror

4 axis Motion
Micro- Controller

Laser

Focusing Lens

System
} d
——J 4 axis

l& Motion Table
q’:j \ / Monitor
Ar /

Gas \ Weld Plate \ Programming |_|
PC

Weld Chamber

29 3.1.5 AAA £HE A

O

2] TARAE
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2% 3.1.6 AANA £8E BARH

E 3.1.2 Zg CCD 7}vlgt Ak

% A
2d 41 XC-333
CCD size 1/4 inch
CCD B = 768494
A 3 ukA] NTSC
FHIAE 470 TV lines
HAZE 10.0 Lux
S/N H| 46dB °]7¢
WZnpEE NF/C nl&-E
27) 22X 22X30
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g etet W= Apoldl= F S5mme] &R Ho| 44iEe . #F}HA
e Azsl s CCDR Aole] AE ZANA Azt 2HG Ao
dal 2ol WIS sk /%S AT ek F4Ye) Zo) Zrsd v
S Y BAY B3] sy B FL AANY A EAS B
2% % itk olsh o] B W] T AFeR A UAH &
$4AE H3AZ2 § ot AHEE A= AVENIRS Cob+E CCTV
Y Zo|}k, ¥ No.= SE5018, F 1.8, 28 A2 50mmel™ 30mm 2 # 2|
Qelg 42T 5+ YEF Hof gk
52mm A7 e ctdt ZHAES ZAHer] 8 30mm/52mm 27
g A oYe s Azete Wze] AAslgon, "Ae oYy A
52mm 7] FHMNEE A&A3gict. A2 el EE UV HHe ND
e 9 A2 FAF ] glon, A4%EHE 1.06um FA2] Nd:YAG 4
AW A WAs FZel e E FE Y ANFAL oIz
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CCD Camera

a3 3.1.7 ARAA $HE AA T ZA
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4. Aol A A AojF AA 7 A

7} 4% FF A4 £73 AR

(1) A1A &4 Ao}

AN RAES A AxPe THel $RA7) ANAE U
AA 2 A stk AR Fol Imm o]stols] HE) AAG
Ao E 2 o 27T $HSHS BET & ¢k LA 45 T3
2 Aol RAE x-y-z 35 AMLE %3} Rl 3] AALF Fo2 74
Hof deh. 4502 FHY B FEPNE ol Fste] JAH SPAA 44

o] AFHEE AM]FAAAE HolASHASE AAFGL HALES

ol

d= AAAZ HFE A2FE Azl 29 3.1.82 JdE AxA F
Zg o)A ER AMAZAE HAE
(2) dlolAER AAz +A4
oA &R ARz e &5 olF Heoled e IHAF, 4
Mo =gteln] 9 PC A& ZEED, 13 AdE AFEHE AL
Aet FR o2 FFI}E olFHlolE fde HolAZHIAEE IAY & 9
|27k Azt A2AAE F2E A5EL HAF HAFHo] glon
AEEde 35S Aojste HolAEHAEE oA HA §HE 5
greh. o]F HolEZ Aoyt Fol¥ XHFEREE FFEcl ojFH £
2pFE E 3.1.3%% 2t

i

N
)4

1

£ 3.1.3 olFdHolEY A

g5 X-YZ 7% A=
404300XR - 404100XR- RT90-003
= 5d MSDZH5L4CZM3 | MSDZH5L4C2M3 (PARKER)
(PARKER) (PARKER) 31 7E
Travel 300 mm 300 mm Free
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=g}ol¥W &= Parker? OEM750X E2do|t}. Parkerq OEM 2w9l-&
A AFel 53 ARAE HolHE o] Ested Ay i FHAHE

52 HALES AY & 9t AP 42T N5H A5E 7
A Q. E 3145 $AAEA AEHE Soelwe g BelF,
Aol 4 AFHZE TESAE AR 5 9t 9237 PCE A&

Aol & AFHSG TEBHL PC M2 AQsH TESS Seholn: 3
$Ho2 A2Ach AJEAFE NN FHH Aoz YL Seholue o}
$ 2Ed Fo| AP, AJZTIZIAPL o) 2GBAE o] &3} o) 9
g oBAZ & 9 15T 233 gow, $4 St A
38 Fot Gepiets 233 AF0E $AE FUT 4 Y: JFe

&
il
ofo
)
4o

E 3.1.4 vlo]zE2HE =gfo|w o] Ak

a5 A} ok
zd OEM750(PARKER)
Torque Short circuit protection
Speed Auto-standby & self test
Input 3 Programmable inputs
Output 2 Programmable outputs
Accuracy +/- 5 arc min
Repeatability +/- 5 arc sec
Battery—backed
2 KB
RAM
Anti-resonance
Wide range inductance

ARNA L AT §8A9 Aol T2 dF E 3.1.5% A
o] ZRIAPL AAR T Folxdg WY EE: AFTLE FEIHM HolA
A2l ON/OFF 2 A€ AdE F Jd+ ¢ 715 /A3 slo] &
e =239 vt AToE 4TS 5 s
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£ 3.15 AANAEHE Ao =z

; PROGRAM NAME - Laser Welding Machine for Bearing Pad, jig-130
DEL SETUPP

DEF SETUPP

TRACEL

INFNC1-2P ;INPUT #1(CONTROL MODE ENABLE S/W-ON)
DEFINED TO SELECT PROGRAM #1

INFNC2Z-A ;NOMAL INPUT(EXTANDED INPUT)

INEFNC3-A ;NOMAL INPUT(BCD CODE JOG MODE)
INFNC4-A ;NOMAL INPUT(BCD CODE JOG MODE)
INFNC5-A ;NOMAL INPUT(BCD CODE JOG MODE)
INFNC6-A ;NOMAL INPUT(BCD CODE JOG MODE)
INFNC7-A JNOMAL INPUT(RUN S/W)

INFNC8-D ;STOP INPUT(STOP S/W)

INFNC9-L ;JOG SPEED SELECT INPUT

INFNC10-A ;NOMAL INPUT(HOME S/W)

OUTFNCI-A ;SSTANDARD OUTPUT(CONTROL BOX MODE
LED)

QUTFNC2-D ;END OF TRAVEL LIMIT (ERROR LED)
OUTFNC3-B ;MOVING/NOT MOVING AXIS(RUN LED)
OUTFNC4-A ;STANDARD OUTPUT(EXTANDED OUTPUT LED)
INSELPZ2,50 'SELECT PROGRAM ENABLE, STROBE TIME IN
S50MILLISECONDS

LH3,3,3,0 ST HARDWARE LIMIT SWITCH ENABLE

HOMV3.3,3 ;HOME VELOCITY

HOMVF1,1,1 JHOME BACKUP VELOCITY

HOMBACI11 ;JHOME BACKUP ENABLE

HOMEDGI11 ;HOME EDGE

INFEN1 ;INPUT FUNCTION ENABLE

OUTFENO ;OUTPUT FUNCTION ENABLE

JOGO000 ;JOG(0=DISABLE, 1=ENABLE)

JOGAS0,50,50,50 ;JOG ACCELEATION

JOGADI00,100,100,100 :JOG DECELEATION

JOGVL03,0.3,0.3,0.3 ;JOG VELOCITY LOW

JOGVH55,5,3 ;JOG VELOCITY HIGH

COMEXL111

ERRORO0000001

ERRORP ERR ;JERROR PROGRAM ASSIGNMENT

OUTO000

END
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¥ 3.1.5 AAANLREL Alo] =rad (AF)

DEL MAINP JINPUT SCANING PROGRAM
DEF MAINP
OUT1000

L
IF(IN=BXX1000XXXX) : GOSUB XUP © JOGOOOO : INFNC3-A : NIF
IF(IN=BXX1100XXXX) : GOSUB XDOWN : JOGOO00 : INFNC4-A : NIF
IF(IN=BXX1010XXXX) : GOSUB YLEFT : JOGOO00 : INFNC3-A : NIF
IF(IN=BXX1111XXXX) : GOSUB YRIGHT : JOGO00O : INFNC3-A : NIF
[F(IN=BXX0100XXXX) : GOSUB ZUP © JOGOOOO @ INFNC4-A : NIF
IF(IN=BXX0110XXXX) : GOSUB ZDOWN : JOGOO00 : INFNC4-A : NIF
IF(IN=BXX0111XXXX) : GOSUB QCW 0 JOGOO0O : INFNC5-A @ NIF
IF(IN=BXX0010XXXX) : GOSUB QCCW : JOGO000 : INFNC5-A @ NIF
IF(IN=BXXXXXX1XXX) : GOSUB CWELD6 : NIF

IF(IN=B0X000X00X0) : GOTO SETUPP : NIF

[F(IN=B01000X0001) : GOSUB HOMP : NIF

LN

END '

persorxssookex JOG MODE PROGRAM sk sk sk

DEL XUP

DEF XUP X-AXIS UP JOGGING

JOGI1000 @ INFNC3-1K

END

DEL XDOWN X-AXIS DOWN JOGGING

DEF XDOWN

JOGI000 : INFNC4-1]

END

DEL YLEFT ;5 Y-AXIS LIFT JOGGING

DEF YLEFT

JOGO100 @ INFNC3-2K

END

DEL YRIGHT ;Y-AXIS LIFT JOGGING

DEF YRIGHT

JOGO100 = INFNC3-2]

END

DEL ZUP Z-AXIS UP JOGGING

DEF ZUP

JOGO010 © INFNC4-3K

END
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£ 315 AAAZHE Ao =239 (AF)

DEL ZDOWN Z-AXIS DOWN JOGGING
DEF ZDOWN

JOGO010 © INFNC4-3]

END

DEL QCW JQ-AXIS CW JOGGING
DEF QCW

JOGO00L @ INFNC5-4]

END

DEL QCCW ;Q-AXIS CCW JOGGING
DEF QCCW

JOGO001 © INFNC5-4K

END

DEL ERR

DEF ERR

GOTO MAINP

END

DEL CWELD6

DEF CWELDS6

AS0

ADS0

;V,0.8 ;0.8rps*5mmy/r=4mmy/s

;D,+40000 ;5mm=40000/25000=8mm

V,0.6

D,+150000 ;30mm

UTX1

GO0100

OUTXO

;D,-40000

D,-150000 ;—30mm

GO0100

END

DEL HOMP ;JHOMMING PROGRAM ALL AXIS
DEF HOMP

HOME111

END
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2 Age A4d AHEL 19 3.2.158 Zeo] F7 1.5mmd A=2Z
2o]-4 AAA 2.3mm x 30mm, F4 0.4mm¢ 27 13.08mm ¢ I EF
oz FHFE. A 2ZR0]-4 XA EAste o] EAE AANI] H3)
of obAlE &qell 30&E7T FFol AHFT obF Ax7]A s 60TE A=A
Zt. old 29 3.2.2 B 3.2.3904 vehd upeh 3Fo] #o]AHEAHA A A A
o] MY A H AR E MM S5EA ZAE holding fixturest

49922 Agagh.

25 4{MIN.)

f
RLO MN.\ ‘
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3.2.3 A=A AR
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3.2.4°0 M sk 2ol HolAEH ABE ko] AA ol AEol
A5e ARHAE ol g5tk AolAE EEHOR ol fate) AT &
gol A 2457 AAAE e FUVEE 2EF dolA]

SAAG 3, $AFN AFA=Y FAA 2 AP pAE
AF BEAE IEE AFY gl Bestd. ol T mALRY) 277
39 3.24% 2] B FYATAE AA A AEs

2.5% AAAFRE AT AAHA #HolAEHA LT M

3
EE HAF3 g ¥ AIAA = 29 3.2.5904 veld bpgpe] #HolA

AEsE7 2 7Y HEUT, Uix] PEES TENFLE AT
=

Ao} BE7tx2 AR EEESE siglen A& o|FAAE WA
E 228 $ JEF gt dolA 2F S =FAA A¥EH THAR 9 A
A5 6 WA 7 mm FEANA REF 33k

o)A R AN BIETAZH 922 FHEZL dolAAEG
Bols 7tagEe] vey, olg AdsHE it S35 A3tE x|
7] 9 A2 $4UEs AT & YEF FEIT FHE FiFgE Ao
st} o] HErpxe] AL HolALHA FehEnt F Ao & o

UzE g5t Fol deolAg Are AxIA {FHT dFE A
k. 2 3.2.694 & 4 slxe] do|Ast
7IZA£5 CCD 7Hdletsl BT AZHE 283t AL, 229 9
AE dole=do|AE HFA=E File] AFH

=
CCD shvilgte] BUE el )3 7bg A 270 2 W $8& $9354
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Output optical coupler

2% 3.24 AAANLRL 938 s A Za] x|

(=l |
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2% 3.2.6 AAA FAHRAE
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2. AAA-EAHe A3}
dol AW 4T BARAA dolxE 8 EX 2, HAFE2Y @ Py
Az & HMejstr] st FAs} vtE 4 g W3S PFen, 13
d gelAMsa gz JHA AFL F o
2 HolA el watzto] AWM spot size7} AR
As = HolAnle] =77 2etAA Aok B3] HolHLEHAA HolARS
o o 2AHE FYLEE duzs AR YAFE £ 2HAE
Z2% 9L 374 Ao P23 NdYAG dAolAE 43 4o ks F
= deolASees 22Uz, U E, 22F 2493 2 £HEE
th B gL o) § o six] WS gt FFY AAA e JEAY &
ojgA Wetex] %ol Bglieh.
P 3.2.7& £ Afe AEF oA LA RN HPFF stste
FAALGL BAANHE o v=9 §HAole] BAS dghd Aol 2
3.2.7904 & & g Eo] Hxduxe] Frle) wmte fHAANA JehtE
HEZ5) £4¢ 233 Qo YR Fs8e ¢ 4 Aok 2P 3.28
3 o] AAHe w=g gHAelE AXA D HEFo)A Ry o
o AAL BelFz 9ot 2T AAHeZ AANALHE IHAE 22
3.2.9914 e o] sjEEe] FAst 0.4mm o]BZ FXdUA|r}t Helx
8] &, dlolA&He| S0W oA ARETL & & gsith. ojuf dejxE
H =X 1.0mm AEolth. 19 3.2.102 #HeolAZEYH 60WS 90W oA 2]
AA A AEAe] E4AEE B2 Aelth 474 &Y 60WeAE &
§2ol7} 0.2mm AEol} whHe) 28 9OWel A & g E3he] FA| o] Fo
4392 ¢ 4ot ok 2ER HolALPAEF SABF AL H o)A
Ho] 0WS A% wEst Wl EEA dEtet W 3 9owe| el
o]

)
f

g
Ao vl=e Fdo] AAS, £HHY spattering FA L
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Penetration Depth (P)

0.5

tration depth L, Optical fiber : 400um
. pentrati ; :
bead width Focal length : 95mm
04 b B
0.0 ) | 1 | | ,
Pulse Energy (J)
a8 327 HAduU Ao 2]d L£Au|=el £9]o] A

- 54 -
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Bead Width (W)



[laser welded specimen]

19 3.2.8 BH A Ho|AEY 80W $HE < vl (x50)
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0.5

—8— FZ:FZlength of

cladding tube

Optical fiber (S1) 400um,
Pulse width : 2.5ms

Pulse Frequency :10pps
&6——@

E |

E

o 03|

[<F)

=

(=] -

N

ks

o 0-2 OGP

=

|8

0.1 U PN

t i 1 ) ! n | : 1 L |
60 70 80 90 100 110

Laser Power (Watt)

a3 3.2.9 #HelAEHd 27 ¥
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[laser power 90W]

3.2.10 #elA &g o &3 ¥R (x50)
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3. A|A A LHR) ERQEA

5

Hol AL AEThE AL AL B o 4FF £ gl whs} o] B
g AgAe 54 ARA= 7 3t 4]
YL ERA A gap e Fo] WF F2F 4TL It o)H T IAH
FEL AR AAAE FYAEA &2 F g FEe] 9
43 & AN dmict Age] 274 gt FgAsL HA AR FA 5
°F 3t 2zol Yt =AM HolAEH A 4P FE FE T
AHFEE 2397, REvts, $HEE I A HY gap AH T
e, 47 Adgge] ARAHYG A ERY gap X e &9
Fde] oBA WateR] Lo Bow, ofgel &4 Fo LA AR A
e dg ez 9 AR E Lol Ryl

29 3.1.11& oA &Y 60W, 80OWR LA stz AHY gap
ZeE 0.0omm AR WAL o §ASE dolE AT Aot £
AgeA Ao fx= AFEZHAH ol BIFE Imm FER ] 53
APL SRt 19 3.2.11904 & £ gl 50| gap 7HFo] FEFE &
Azol7t ARE bl gon, dolAEY 60Wet 80Wel A& I 3}
2 Aol & RAF2 43 sich 714 A ER3} AAH Atele] 4L s}

lo
Pﬂ:
>y

4

oﬁ. ¥ 3

i)

S A 2AAZ AeeA S FIAFH KUY A2 ddH
239 3.2.12& FAALGE FHEE | &, HeAHEHE W32 9 d=
5o WY AdE FA3ste AT Aol )M §REH ] AU
S $HAY AFREEFS EvhE FEeA 120° W3e® 34 SAHSL HTF
A2 stk 18 2.3.29014 ¢ Fo] HolHEHe wE HIF(LHF o
B3 9 A-8xAe] FAEF 9A4)S Y 80W olstelA WyHY HEs} U

£ 0.02mm oW, 53 £RAAAAE $HAS) AARRT BE BE

Ao wade] oz ARE & & Agch olw HAAF AxA FAE
3

=2
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Penetration depth (p:mm)

L © laser power BOW Optical Fiber (S1) 400um
® laser power 80 W Focal Length : 95mm
0.4 | .. TEE—————— . Travel Speed: 180F
4
- O
0.3 b - OO O RSOOSR ROR
L o \ 2
0.2 [ e e SOV e
&
0.9 e ekt
0.0 2 1 . 1
0.0 0.1 0.2

Gap between bearing pad and tube (d:mm)

a9 3.2.11 §4 gapd 92 §49 v
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Transverse Shrinkage (D'-D:mm)

0.8

0.4

0.2

0.0

| - start of weld line Optical fiber(Sl) : 400um
end of weld line Pulse width : 2.5ms
Pulse frequency : 10pps
A
| A
T T T T T A ...............................
| A
I~ 2
4 { | L I t i
60 80 100 120
Laser Power (watt)
1% 3.2.12 #HelM=H o3 FHWI T v
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A *EF AFAE 4L FU d9ed, 53] 9
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g7 22 4 o 29 3.3.12 HelAE ol &5t HdoR Ho|AE
EAANFE 9 AAAL AT RS 1T

L7 EortA &&= E vleEH 3 =
AdEeA e dolA EATEE AR LIT Aol 5
A A A} FEFA ol EFEAS A e AEE AL FAL 9

7o)t

k)

i
2L
&

T
L
lo
%
2,
i
o]r

ogt o
>,

=

i)

gqﬂiﬂ-‘:— 33:/\1-0 _?,]



23 3.3.1 AAAEAN AFT 7Y TE2BE
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o] FolP oyl & FUYE MAE 2F, FAET 4F FE5EA] wyd
4 vt WhHd Nd:YAG #elA&32 A& A§3x o2 o9 F2
WA7NE 7R el @8y el A9 gk 19 3.3.28 FHH 400ume
o] 3 A2ZRol-4 AAH FHUEY ¥I=EZHNE LelR] T Aol
3714 BAEEL 25ms, BFEH S IOWE 39S o], v =ZL 1.2mm ©]
Aoz velyon] £9¢vl(aspect ratio)x WHZ 0.5 Yebgch. 29
3.3.201 41 8} o] R 2FZF0]-4 AAAY UAREIH} AFE FIAZ §
AAHE ReAFL ot ol AT +HZAL $HSEE 280mm/min. 3
=8 80W, F23duA = 8JolA BRAF3 9lrt.
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e §AOE WAL B} AEBH AAA D e rootFelA 2
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t 5% 5B} AXAY 2AE 2 ok s, o] wE A1
A7 28 Ageldh. =¥ XA FEANA B @ AW AolAE
49 A% $AHE Sudel Toluy] WEd 19F AN B} %
on =% FASHAAE AT AL AN Do}, o}e 2 EAE A
A

RPN AW £ABRe) AolAEHE FAL o Aoleh.
AARAZAH 2@} A §Ho] By Fo 9
9% 22AF BYFE Ao F e PP FA ek 2 o FE o
A3 S (U0)E ool 3 A0E 29 & 32, A=Y §o)4, &
Ao AT £4E 2 5 27 AEIL. AX W ol A& FFel
AL g gold W BB 2AA Aols} WS FL =T 94T F2
o eHnE AAA §0] WS AtEE A=A Eolch AT AAE
Az 2AAF 5@ Aok W F7 W, olwel BAe] 0.05
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bearing pad

e

220,30 31 0 W

(Front)

(Rear)

19 3.3.2 AAAG HEF BAS 9% SHPE EF (x8)
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A4 0.125mm AEE Dok s 2o Fa2 A 244 Aol I
49 5 goh oAe ARHY Tzt w S gold Fe A FHE A
239 WAL W8S Qo webd ole T A9e ST WYl A
Y2 AFA GES o FolAck Bk 2L AAZWAA 2B A%
Aol AN $HRe NP FAFL) BAL A= BedE dst
dgrew o) A d¥e] $4EY ZEE ¥olt PE UF AT 2
Adzol 24F o Qolh.
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