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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.
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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

ii) 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

iii) Investigation of welding distortion for bearing pads
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IV. Result and Proposal for Applications

A. Construction of high-precision laser welding device

The developed laser generator, which has a stable structure with

lOiW 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 lOOpps at maximum and the spot size of the laser beam

appeared to be 300-400/M.

B. Development of peripheral devices for the bearing pads welding

Peripheral devices using the laser generator, such as the optical

fiber transmission section with 400,«m 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

400/M. As a result, the seam welding with the bead of 1.0mm 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

- vi -



be used in PHWR nuclear fuel elements including small parts, and

special metal. The laser apparatus having a stable resonator with

lOkW 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. Through 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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2 s-

1. *W1 3 ^
fe U02 i ^^7> ^ - ^ ^ ^ ] 0.4mm,

Zr-4 s ] 4 ^ A}O]^ cg^iQ. #q^ -H-̂ l̂ -S.̂ - s l4^: ^^^1 ^ 2.1.1

^ tube^ ^ ^ 1 -

Zr-4

2.

Zircaloy-4^ Zirconium^ Sn, Fe, Cr f-

^ ^ V ^ - ^ 51O°C~52O°C<>11̂  2 ^ 1 ^ ^

Zircaloy-4 s J 4 ^ ^ . grain 37l7> ^<>1«J-̂ :AS, ^ ^ 15jum, ^

S. 4~5^m<>H, 480-520 Mpa^l %>4^S.^- 560-600 Mpa^l

1- 7>^I4. ^ ^ " 7 } ^ - ^ 600~640°C^-ei^ 6~7^1 *}-f-<& Annealing^

Zr-4 € ^ ^ ^ ^ ^ ° ] ^ ^ - ^ ^ 12~15^m 37]51 epuiaxial ^ })
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2.1.1 CANDU
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.^- ej 510

£ Zro] ^

IL3, 10~4mbar a l ^

Be ^ 1 ^ l

b ^ ^ ° 1 4 . ^ . ^ 3 . Zr-Be ^-^-^r 975 °C • Zr-5 w/o

^ ^ - M : "U-^^ Zr4 Be^i - | -^J t4 ^ ^ 5 . ^ 1 ^ -

., Zr-4^ ^-^ brazing -S-7HS. 4-1-^4. ^ f Be*

Be-I: ^ ^ - i - ^ °o^^ ^ ^ ^^-s|-£.S.^, diffusion brazing^

3.

. Principles of Diffusion brazing

^ liguidus 7> 450°C°l^-°l3I 3.4$ solidus

4°H1 Wetting $5L, capillary forced] $^ flow^ 44" -§-3I5|o1
61.5)fe ^ ° M . <U13Hox! brazing^}-

brazing ^r^°fl^ SL^|^ -§-7>^^| -g--§-<>l

3. ^-^:€ 4^- ^ J S ^ i ^ ^ ^ v j - S^^-l- 3Efe mininal- ^fe

erosion

•§-*}]7> ^ A £ i

4 . 45f^ -8-7H5] oo^ 3 ^ £ 3 ^^1 (gap size)^-
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2.1.2
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4 - Characteristics of Induction Heating

hysterisis

^ coiM:

-t (Air gap)

coil

current)^

Coil

m effect)

4

4. skin effect 4 proximity effect ^-4:

power source -& %- 2.1.14

2.1.1 4 power source

Item

Power source input

High - frequency
oscillation system

Oscillating frequency

Plate output

Characteristics

220V AC, 60 Hz, 30 , 50 KVA

plate-turning Self-Oscillation

350 KHz

35 KW
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4 - Diffusion-Brazing Parameters

3 ^ 13mm, if-n 0.4mm Zr-4 tube 5 ] ^ i Zr-4

^ITT diffusion-brazing^: ^ * } 7 ] $•& aJ*Vfe- -"MJ-IH

Be-21 1-ej^ f^, s J 4 ^ ^ i 4^-ir-i- JMH^lfe tack welding,

31 brazing^ ^ ^ S . <>1̂ -<H 1̂4. 4^*1 diffusion-brazing-^

1) Joint preparation

(1) Joint design : - f ^ l " ^ : s14^: ^ j ^ i - ? - ^ l ? l ^ tack

welding^ %7) ^ ^ - -§-^ «<H] °J «fl tack welding

brazing gap^r ^ l ^ f i , -§-^><H ^ ) ^ ^ - § - ^ ^

-to] 7}^«V weld joint -f-fl^l %^-s}S.^- *j-^<% ?f-7}x} 2.

°$2] bossage(projection)^: JL^^j-^cf.

- line bossage

- Point bossage

(2) Part cleaning : Tack welding % ^ weld joint^}

4 ^ ^^^*j-S] T&tyQ brazing-t

wettenability ^^- , pore ^ ^ ^ - i - «fl>fl

- Vapour degreasing & rinse

2)

4-7M91 ^ Bel: Mol: 71-t^

^"^ Be

3) Tack welding ^ ^

Tack welding^ s | 4 ^ : ^ ^ ^ ^ 1 ^ ^ H - ^ f - i : 3.^*]?}^ %•*]
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i brazing gap^: ^ 1 } 1^-5-5. -fi-*l*rfe 3 H 4 . -#-^a<H£ capacitor

type^l ;$7]>|iHh;^ —S. discharge energy-^ welding pressure7r

4) Brazing cycle

3 - S - 3 * *$^*\^ brazing gap*}- ^ Be

brazing cycled Tf^^-^ brazed joint^

. Requirements of Brazed Joint

Brazed joints ^ ^ ] ^ ^ - # ^ : ?§^ ^ # ^ ^ 1 , tube^^^-^l ,

3.71, crack^H,

1) ^^" H-i?# ^^1 (Braze alloy thickness)

Zr-4*fl^ # ^ 5 l ^ ^ ^ ^ ^ - ^ S ^ 5 ] ^f--^-l- braze alloy

b r a z e alloys

. 0.16mm

2) Zr-4 tube^ s l i ^ ^ l (sheath wall thickness)

Braze alloy^ -|-*I|S)^1 ^ ^ Zr-4 tube^ ^ l ^ ^ ^ l ^ 0.342mm<>]

3) ^ ^ ^ 4 ^ €^i^^(Number of grain in the heat affected

zone)

Brazing^ 3*11 1̂̂ 1 ̂ S ^ 7 ] ^ ^ ^ ^ ° 1 ^ f ^ € ^ 4 ^ 5 ] ^ ^ ^
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4) Zr-4^}^ ^ ^ ^ ^ - ( Z r - 4 to Zr-4 bond)

- f ^ Zr-4 ^ S j ^f-^ ^

%

5) JL^-U -s-tflo^ ^o) (the depth of re-entrant fillet)

^^•^^--^-i^i ^-°J:AS. £%?gr ^ 5a^ braze alloy* fillet^ ^

^ , fillets] JL^i>H ^ * } 1 S ^>^-?-7} ^ » t ^ ^ ^^r ^.^.f -f-tfl

(re-entrant fillet)^

6) «]•§-*!• Be(Free Be) ^

x\ &^r ^ Bel -

7}S. ^^r al-l-^ B e ^ ^ ^ fillet &*H>H 0.25mm<>l̂ -

7) Crack ^°1

^ t ^ - 0.04mmol^«:>> ^}H, -^-^- i : 0!^ tube

8) iL1?!^^"(surface discontinuities)

^ ^ ^ t ^ ^ creviced- € * ^ ^

(1) Crevice : fillet J L ^ i

(2) Pinhole : fillet S ^ i
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1. °J5LS} *1*1*|| ^ # 4 | tfltb ^ ^ 7 ] ^ 7(1

l - £ 19, 22, 28, 37X1 s]

, GTAW, ^1^1^-1-^ 31^31 JiiSM3£- 4-S-

X|2:4| 51 <H OJS.̂ 1 Bhabha €

*\ ^ r ^^ ^ 1 ^ ^ 71 # ^ ^ l i ^ 4 ^ 4 : 7)^}J1 5a4.[l][2][33

XI2:4^

31 ^1 ^li^^ ^ i ^ 4|^ ^ 4^

? GTAW

XI2:5)51

Si4. ^^41 5ife " l ^ t l - ^KS-o)} 4-8-sf7l

514.
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t- 41

2.

S14. ^ ^ ^ ^ l ^ i 4-§-S|o1

. a) ^ ^ t l : 4 ^ ^ " ^ ^ 2 , b) ^ ^ t b ^S., c)

, d) ^ ^ ^ ^ ^ ^ S j ^ ^ ° ^ ^ ^ , e)

^-S-^, f) ^ ^ 4!4M: ^ t t ^-l-^, g) w

h) ^Xl^ ^4- #^r

4 . GTAW, ^%, #x}^, 4^}^, 2:^-4, ^ 1 1>, ZI^JL 4 ^ tg-^^

Hi)

GTAW,
GTAW,
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2.2.1

JOINTS

End cap

welding

Appendage

welding

End plate

welding

COMPONENTS

013.15 & 11.5

0.4mm thick.

Clad tube/End

caps
013.15 & 11.5

Clad tube/0.6

to 1.6mm thick

spacers and

bearing pads
Machined end

caps/ 1.6mm

thick end plates

RESISTANCE

WELDING

A

A

A

BRAZING

E

B

E

LASER

WELDING

C

C

C

EB WELDING

C

D

C

GTAW

B

E

C

*[Bliabha Atomic Research Centre)

A- Excellent.

B- Acceptable.

C- Feasible, Commercial viability to be seen.

D- Feasibility is to be checked.

E- Not considered.
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^r GTAW,

^ 3 1 ^

34- ^ 3 1 oj£,g.

•§-

4.
tfl7l

^ ^ ^ M i ^ ^ ^ ] 3*fli 4^ HAZ,

7H- ^oi 4-§-si3i 514. ^--1-^5)31 51

. 7}i ^ i^ l 43.^-^ (GTAW)

£ BWR ^
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^-ifl 2.4 $)•

, wire feed AVC,

AVC ^ ° 1 3 3 ^ ] 4 ^ ^

Bhabha H ^ ^ ^ )
. 7}

4.

4.

7} s

4.

^ 10MW/cm2
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$14.
glove

$14- ^ f ^ Bhabha

^^>3I 71 34.

t l ^ ^ ^ r

Bhabha

Bhabha

^ Zr-5%Be

- 16 -



2.2. 50)
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wl-S- -Ml- ^M ^t>4.[3] i

4.

71 # £

D.C

31 7Hol JI7H4. ^ ^ ^71,
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3.

7H

7>

GTAW

4.

feed back *H7j<t-<fl4^- <&<*}*]

oil *IJ*fl 100% t
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Bhabha

D R ^-

1 DR

|&4. D R ^

1/2 ^71 7l

SE.tb AE(acoustic emission)

Bhabha ^7,>^ ^ ^ - ^ l ^ i / ^ AE

GTAW l ^ M
347} ^44711 4°oH]

7] #,
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1.

o]

^ " i - 7MJ1 514.

^- CO2 sfl°l^^- Nd:YAG

Nd:YAG

Nd:YAG ^<>Hfe CO2 ^°1^*)1 «1-sfl 4^°1 1/10
7] ^|^6|l ^
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t- <>14*H

*H,

- ^ , 4*1 Nd:YAG Si

514.

2 kW

Nd:YAG

71 €•

Nd:YAG ^ - ^ ^ 7}*l

*1

5l4.[9][10]

^-H, 4*1

514-

1- ^ 514.

TIG-I-^,

^-9-51 71

514.
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«)-§-°) ^ ^ ^ ^ ^ t t •§-

Nd:YAG «fl<»Hi ^*a -§--1-^ <r $ 1 ^ 3

^5l TV «-

TV51 ^ ^ ^

Nd:YAG zfl ,

Nd:YAG sfl^^ \ H l

-1: 7}z\5L 531 ̂ -H, ^ ^ ^ 1 ^ 4 6 1 ^

CAD ^ CAM«>1M- S-JiS ^ 4 ^ ^ - * } ^ CNC

l^^o] o ] ^ ^ ] ^ FA ^ ^ ^ i
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2.

1970^

TIG

CNC controller

^ $14.

spot

514.

•§--§-
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s.
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S-

Nd:YAG 3l°Hfe Nd (Neodymium, ^ ^ 7 ]

doping ^ YAG (Yttrium Aluminum Garnet)

CO2 ^ 1 ° 1 ^ ^ t-l-i-ol -51:̂ -g-

Nd:YAG 1̂

Nd:YAG

Nd:YAG n°)x\$; ^ 3 7}^-^]S. rflrj^] ^ i t ! : ^ ^ 1 * SW-

^°H-§-^7lfe € ^ ^ ^^ - ^ ^ t i ^ ^ Nd:YAG

f- 400-1000
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Nd:YAG

400um ^S.^1 4>

GKGrade Index) type°l SKStep Index) type^-4 f^JI ̂ i^r

*}4. ^r ^loH-S-^7ls) 7 1 ^ ^ ^ 200W^- l i ^ Nd:YAG

400um =?-n$\ GI type 4 f r

JL 3.1.1 Nd:YAG

-S-̂ 71^1

€^ivi^l

* 7 l ̂ >^1

^4^ ^^l

^ ^ • f r ^ 1 7 1

7 } ^ * 1

200 W max.

12 kW max.

50 J max.

0.05~20 ms

^ t ~ 1 0 0
Hz

2^71

400~800 um

«1 31

Remote Control T}-^

Remote Control 7}^

« a / # ^ °<?^ 4-S-
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aperture,

aperture^

60% Hi ^ 1 ^ - ^ f̂-f-̂ WI ^14. ^ l 0 ] ^ -or^l7|vH^ aperture— ^l0!*!1^

| £ H 3.711- S ^ ^ } ^ 5i]o]>|o^ ^ l ^ ^ - i : #^l3L ?]]o]x-l5.£. 2§-$] 2f

3= -̂ 7t*t ?a,ri<>**T* rt * * i - <*i*v^ *t^r « ^ multimodeS.

spectrum

spectrum ^ Nd +3 ion^ ^ ^ tfl^^i 600-800 nra

2 7 ] i

514.

1 514.
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TV canara

Coupler

Po*er supp'y

3.1.1 Nd:YAG
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• 1064nm

: single - lOOHz

^ 4 : 80//s - 10ms

: 200W

: 12kW

vi^) : 50J

Optical Fiber Delivery : 4OO~lOOO/o« SI or GI type

nte Edit Capture Analyze M-Squayed Sstup Help

3.1.2 3g^ Profile
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2.

3.1.34

7 ^

spot

45°

Laser
oscillator

Beam
switch Beam

expander

bending mirror

Focus lens

i \ / I P rotect wi nd ow

Assist gas_
inlet

nozzle

3.1.3 Direct beam head

4^.71) ^ ^ Sllfe #^*>1 514. Step Index type(SI)^

4

) g rade index

^Mf-

4 ^ -8-34 514.
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Laser
oscillator

Beam switch

Optical
fiber

Assist
gas

collimator

Focusing lens

nozzle

3.1.4
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3.1.4^- ^ o | input coupling %

^1, ^"^-n- ^ output coupling ^ 1 5 . ^ - ^ ^ 4 .

Input coupling -^fe ^ ^ ^ ^ ^ l ^«fl «I|6H7> 3M3-fi-3<H ^&±3-

^ ^ 5 ) ^ ^-^°14. -̂*1 SKStep Index) ^ - f r ^ 7fl^-^ (Numerical

Aperture)^ 0.22 ^5 .1 - ^ ^ 4 . 4 ^ ^ ^ 1 ° H ^ 4 ^ 4 ^ ^ ! -

input coupler ^ ^ ^ ^ ^ ^ § ^-ofl7]- s | ^ OJ-^T^ best focusl- ^ ^

Si

i fl«l«Ffe £°] # 4 . -i
300-1000um *J:£S] step index 5} graded i

homonization <>1 ^ 4

7 ^ 3 1 514. Output coupling ^ fe

output ^^^1S1 imaging ratio^
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3.

7}.

1- °1-§-SM -§-^^71 ^SfMfe 1 mm o

i > «1:4. 1 mm

l i m n <>}}

5171

$3171

1̂̂ 1 4 ^ ^ - ^ o l ^

$14.

4 H4 ^ l l l l ^ half-mirror

}^ 90° ^ 4 4 ^ 1 ^ J 4 ^ J^4 H

4. ?H5]-^1^ efl

^ ^ 4^AS.
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CCD

4. *H

^ 3.1.5^ *l*J*l|-8-3-8- # 4

^^s.^ . 50mm

CCD 7 H ^ ^^-^r ^

^e} CCD 7 H ^ 1 - 4^-11:4. 4-8-^ ?H^^1 4*3= -̂ S. 3.1.2*}-

CCD 7 H 1 ^ ^ ^ « ! CCD

} ^e} CCD

CCD

t ^ 5171

71 El l :
0}

^ Nd:YAG

^ He-Ne

| ^ f 35mm5. M

^^71 e l l ^Tfl

714 ^ - ^ - ^ ^ ^ 7 l ^ } ^ ^ 4 . n ^ 3.1.6^

- 35 -



Power Supply

O O O O

Target Display Monitor

4 axis Motion

Controller

Monitor

Programming

PC

Weld Chamber

3.1.5
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% 3.I.6

3.1.2 CCD

CCD size

CCD *H<$S.

S/N al

3.7)

4tf
i ^ XC-333

1/4 inch

768X494

NTSC

470 TV lines

10.0 Lux

46dB <>1̂

NF/C 4 ^ ^

22X22X30
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$14.

J^oj

52mm

~b 7]^^ 7^2

^ ^ 514. 4-t-^l ^ 1 ^ ^ AVENIR^ C^}^:^- CCTV

^ SE5018, F 1.8, ^7\?\ 50mmol^ 30mm 3 ^

^^% ^ 51S.^- 3<H 514.

52mm ^ ^ ^ 4<>o>t ^ E ^ E . 1 - ^-^-^>7l ^ [ ^ 30mm/52mm ^ ^

^ ^ UV € ^ 5 f ND
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CCD Camera

3.1.7 -I-
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4.

7}.

(1)

lmm

x-y-z Rl

o] 7 } ^

3.1.8-^

(2)

^ IE 3.1.321-

3.1.3

, 4

Travel

X-Y^r
404300XR-

MSD2H5L4C2M3

(PARKER)

300 mm

404100XR-

MSD2H5L4C2M3

(PARKER)

300 mm

RT90-003

(PARKER)

3:1 # ^

Free
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3.1.8
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^ 1 i a ^ PC*

^1-^b PC w]i

fe 7i ^ ^ -a

3.1.4

Torque
Speed
Input

Output
Accuracy

Repeatability
B attery - backed

RAM

4<£
OEM75CKPARKER)

Short circuit protection
Auto-standby & self test

3 Programmable inputs
2 Programmable outputs

+/- 5 arc min
+/- 5 arc sec

2 KB

Anti-resonance
Wide range inductance

-& 4-§- s 3.1.5^-

ON/OFF SSlb
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3.1.5

; PROGRAM NAME -

DEL SETUPP

DEF SETUPP

TRACE1

INFNC1-2P

- Laser Welding Machine for Bearing Pad, jig—130

;INPUT #1 (CONTROL MODE ENABLE S/W-ON)

DEFINED TO SELECT PROGRAM #1

INFNC2-A

INFNC3-A

INFNC4-A

INFNC5-A

INFNC6-A

INFNC7-A

INFNC8-D

INFNC9-L

INFNC10-A

OUTFNC1-A

LED)

OUTFNC2-D

OUTFNC3-B

OUTFNC4--A

INSELP2,50

50MILLISECONDS

LH3,3,3,0

HOMV3,3,3

HOMVF 1,1,1

HOMBAC111

HOMEDG111

INFEN1

OUTFENO

JOGOOOO

JOGA50,50,50,50

JOGADIOO.100,100,100

JOGVLO.3,0.3,0.3,0.3

JOGVH5,5,5,3

COMEXL111

ERROR00000001

ERRORP ERR

OUT0000

END

;NOMAL INPUT(EXTANDED INPUT)

;NOMAL INPUTCBCD CODE JOG MODE)

;NOMAL INPUT(BCD CODE JOG MODE)

;NOMAL INPUT(BCD CODE JOG MODE)

INOMAL INPUT(BCD CODE JOG MODE)

;NOMAL INPUT(RUN SAV)

;STOP INPUT(STOP SAV)

J O G SPEED SELECT INPUT

;NOMAL INPUT(HOME SAV)

S T A N D A R D OUTPUT (CONTROL BOX MODE

;END OF TRAVEL LIMIT (ERROR LED)

;MOVING/NOT MOVING AXIS (RUN LED)

STANDARD OUTPUT(EXTANDED OUTPUT LED)

;SELECT PROGRAM ENABLE, STROBE TIME IN

;HARDWARE LIMIT SWITCH ENABLE

HOME VELOCITY

;HOME BACKUP VELOCITY

;HOME BACKUP ENABLE

;HOME EDGE

;INPUT FUNCTION ENABLE

; OUTPUT FUNCTION ENABLE

JOG(0=DISABLE,1=ENABLE)

;JOG ACCELEATION

JOG DECELEATION

JOG VELOCITY LOW

JOG VELOCITY HIGH

;ERROR PROGRAM ASSIGNMENT
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3.1.5

DEL MAINP

DEF MAINP

OUT1000

L

IF(IN=BXX1000XXXX)

IF(IN=BXX1100XXXX)

IF(IN=BXX1010XXXX)

IF(IN=BXX1111XXXX)

IF(IN=BXX0100XXXX)

IF(IN=BXX0110XXXX)

IF(IN=BXX0111XXXX)

IF(IN=BXX0010XXXX)

IF(IN=BXXXXXX1XXX

IF(IN=B0X000X00X0) :

;INPUT S CANING PROGRAM

GOSUB XUP : JOGOOOO : INFNC3-A :

GOSUB XDOWN : JOGOOOO : INFNC4-A

GOSUB YLEFT : JOGOOOO : INFNC3-A

GOSUB YRIGHT : JOGOOOO : INFNC3-A

GOSUB ZUP : JOGOOOO : INFNC4-A :

GOSUB ZDOWN : JOGOOOO : INFNC4-A

GOSUB QCW : JOGOOOO : INFNC5-A

GOSUB QCCW : JOGOOOO : INFNC5-A

: GOSUB CWELD6 : NIF

GOTO SETUPP : NIF

IF(IN=B01000X0001) : GOSUB HOMP : NIF

LN

END
;*********** JOG MODE PROGRAM *************

DEL XUP

DEF XUP

JOGIOOO : INFNC3-1K

END

DEL XDOWN

DEF XDOWN

JOGIOOO : INFNC4-1J

END

DEL YLEFT

DEF YLEFT

JOGOIOO : INFNC3-2K

END

DEL YRIGHT

DEF YRIGHT

JOGOIOO : INFNC3-2J

END

DEL ZUP

DEF ZUP

JOGOOIO : INFNC4-3K

END

;X-AXIS UP JOGGING

;X-AXIS DOWN JOGGING

;Y-AXIS LIFT JOGGING

;Y-AXIS LIFT JOGGING

;Z-AXIS UP JOGGING

NIF

: NIF

: NIF

: NIF

NIF

: NIF

: NIF

: NIF
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3.1.5

DEL ZDOWN

DEF ZDOWN

JOGOOIO : INFNC4-3J

END

DEL QCW

DEF QCW

JOGOOOl : INFNC5-4J

END

DEL QCCW

DEF QCCW

JOGOOOl : INFNC5-4K

END

DEL ERR

DEF ERR

GOTO MAINP

END

DEL CWELD6

DEF CWELD6

A,50

AD,50

;V,0.8

;D,+40000

V.0.6

D,+150000

UTX1

GO0100

OUTX0

;D,-40000

D.-150000

GO0100

END

DEL HOMP

DEF HOMP

HOME111

END

;Z-AXIS DOWN JOGGING

;Q-AXIS CW JOGGING

;Q-AXIS CCW JOGGING

; 0.8rps *5mm/r=4mm/s

;5mm*40000/25000=8mm

;30mm

;-30mm

;HOMMING PROGRAM ALL AXIS
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3.2.3
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3.2.44

3.2.5^

7]

t 6 ^ | 7 mm

-̂ -H, °H

CCD

CCD
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Output optical coupler

3.2.4
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3.2.5
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3.2.6
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2.

size7>

37)7}

Nd:YAG

-8-

3.2.7^

3.2.70IH "t r̂ Sl̂ -°1 l ^^ lH^ l ^ ^7}*} 4 4 -S-^^l^HI^ 4 4 4 ^

3.2.8

31 5^4.

-°l ^ 4 ^ : ^ ^^7} 0.4mm

8J ^ , *l|oH#^ol 80W o|iflofl̂  ^^^-^r

H]^#^r 1.0mm 3 5.°] 4 . ^ . ^ 3.2.10^- ^ ] 6 H # ^ 60W4 90W

0.2mm

7)^31, -8-^ ̂ 3 spattering ^>9-^.

- 53 -



0.5

0.4

£ 0.3
V
Q

s
o
D-

0.2

0.1

0.0

B : pentration depth
o : bead width

Optical fiber: 400um
Focal length : 95mm
Travel Speed : 180

J 1 I I

7 8 9 10

Pulse Energy (J)

2.5

2.0

1.5

en

0.5

11 12
0.0

3.2.7 € ^

- 54 -



[brazed specimen]

ft 1 - ""
0.4mm

[laser welded specimen]

3.2.8 w. (x50)

- 55 -



E
E

o
N

0.5

0.4

0.3

0.2

0.1

FZ : FZ length of
cladding tube

Optical fiber (SI) 400um,
Pulse width : 2.5ms
Pulse Frequency :10pps

60 70 80 90

Laser Power (Watt)

100 110

3.2.9

- 56 -



[laser power 60W]
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3.

1H ^d-i:

gap

, iX7}i, -i-^^5. 3.̂ 31 ^m^ gap

gap ?$5

i531:4.

60W, 80WS. °a^^}7n *}31 A ] ^ ^ g a p

0.05mm ^r^^-S . S l S H ^ ^ 1

- ^ ^ g o f l ^ o}?fl ig-*j: o.s. i m m

3.2 .1H^ t ^ c^^ol gap

^ 7}

3.2.12^ ,

3M4.

^ 120° HHJ=iL£. 3^1

^ ^ 4-g. ^ ^

^ ^ 80W

^ 0.02mm 4 4 , 4*1 ^ ^ l ^ ' f l ^ f e -g-^^

tl: 1̂

- 58 -



O laser power 60W
• laser power 80 W

0.4

E
E
a. 0.3

O

Optical Fiber (SI) 400um
Focal Length : 95mm
Travel Speed : 180 F

a.
T3

E
I
CD

a.

0.2

0.1

0.0
0.0 0.1 0.2

Gap between bearing pad and tube (d:mm)

3.2.11 -f-̂  gap")] 4 ^

- 59 -



E
E
d

0.8

0.6 -

CD
en
IB

CO
a>
ID
L -
O
(A
C
CO

0.4 -

0.2 -

0.0

•

A

A
A

: start of weld
: end of weld

, i

line
line

| Optical fiber(SI) : 400um
Pulse width : 2.5ms

j Pulse frequency : 10pps

A

A

A

A

i , i

60 80 100

Laser Power (watt)

120

3.2.12

- 60 -
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