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SUMMARY

I. Project Title

Development of Laser Weld Monitoring System for PWR Space Grid

II. Objectives and Importance of the Paper

We developed the Laser welding monitoring system for PWR space grid.
The demands for this monitoring system were applied to the process control in
space grid welding. The advantage of the laser welding of space grid is lower
input energy and deeper welding depth, and higher speed welding for
productivity. The optical monitoring method for laser welding is tending for
defining the welding quality of thermal radiation from welding pool. This optical
monitoring system using the 2 wavelength signals from welding pool can be
applied to the optimization of welding quality. We had many experimental
techniques of optical monitoring for laser weld. This method can be used for
the real time space grid welding monitoring.

This team had proceeded the application of optical monitoring in PWR
space grid laser weld and decreasing the inferior ration. Therefore, we are trying

to develop the weld control system.



II. Scope and Contents of the Project

We used optical monitoring technology of thermal radiation from weld
pool to develop the monitoring control system for PWR space grid laser welding
in this program. Then, we investigated the analysis technique for measuring data
of 2 wavelength from weld pool. The scope and contents of the project are as
follows ;

1) Development of the optical monitoring system for space grid laser

welding

2) Development of the measuring data analysis algorithm and the real-time

control technology using this system

Conduction of PWR space grid laser welding with this

monitoring system for demonstration

IV. Results and Proposal for Applications

Results
. Development of the welding monitoring system

- Fabrication of 1 unit for demonstration.

. Experiments of laser weld
- Measurement of laser welding pool size.

- Measurement of laser welding depth.



Proposal for Application

An Optical monitoring system for laser weld has been developed. The laser
weld measuring data and the real-time control of laser system has been
investigated. We expect that the developed optical monitoring system can be
applied to make PWR space grid successfully for the QC and to apply sealed
area of laser weld. Therefore, the technology transfer project with related

company will be demanded.
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JK701H #lo]A] A}eF (JK701H Laser Specifications)

3 2-1.
-5 T4
Max. Mean Power 550 Watt
Max. Pulse Energy 70 Joule
7.0 kW

Max. Peak Power

Pulse Width Range 0.5 msec. to >50 msec.

0.2 to 500 Hz

Repetition Rate

Lumonics d#o|x&] #etA F2E 1l

laser rod W flashlamp®} UZH YolxE FI3teE AF

th ARe w3 ALS Tl WEsShe dlolA U2 bending mirror HH
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al \
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T8l 2-1. #lo]x #&A (Laser Beam Path)
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2. A< sensor

Eg5olA WaEE U Uy st wel ZEE AZe ZE
sensorof] &3t A7|AlZZE HBHrE AMEH ZHE sensore Si-Photo
diode & AR 2-13} Z2 Throlab A}2] DET 100 model& AHE-3}4itt.

AFR1 2-1. A& 7] (Detector)

32

—_

DET 100 model2 A7 25mm w22 dutAQl 859 A} AL 22
a

of AT B ZFo| HHArh DET 100 modeld] 33 B4

2-8 3} Zth opd AdAo] Hasdt v}FE 950nm &} 530nme] § mpFolti. 1
L =5 HAex1e] 2o whal 630nn £} 750nn F 900nm THFLS HEY 4
UA AHESto o} stRR, TRt wpite] whel zhee] AA3rt wasict o

2] 2-8ojlA] Hi=n}2} Zro] 950 nm oA 2] Z=E 60A/W A =o|n, 530 nmmo]

Ae 172328 AEE Zieth



- SPECTRAL RESPONSIVITY

RESPONSIVITY (A/W)

DEY200
0.2

L
200 300 400 500 600 200 BOD 900 1000 1100 1200 1300 14400 1500 1600 1700 1800 1800
‘ WAVELENGTH (nm)

8 2-8. A&V upaE ¥kS-§ (Spectral Responsibility of Detector)

AE718 UFEIHEeE a9 2-9 &F At} o] detectors= Ho] bias &
YL 23 glo], o noiseZHRE] HASHA 3 4 altl. E3! sensor

P
o SYUKET} 10ns2 , £F F UHE ATE 100Kz o4 ASY 4 3

th
BNC
- 1L
— M W 4 p
i H oo TO SCOPE
| || CcoAX
A7 S RLoAD
| Vbias | TYPICALLY
—‘("/——’,‘“ ! | 509
b J !

% 29, A&V) 3] % (Circuit of Detector)
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3. ¥MAE

ZA ol AMEE e AL 2 7] FR/E AR&staledl, ¢ 900 no o]
3te] spARRS E315H= Hot mirror £} 700nm o]A4gt FE2}ste cold mirror
olth, AMZH ALES s FILLS T 2-29 Ll ® 2-2¢8 22 AL
& AH3] o[ &3t R HETIA FHE 5 e dolA I TS
Ads] 2ulg 4= olch

fifo

X 2-2. v13d =318 (Transmittance of Mirrors)

=} 530nm 632nm 750nm 950nm
Hot Mirror 90% 93% 93% 45%
Cold Mirror 0% 0% 83% 88%

7F 5 dolx] ¥ RIALE hot mirror

F dolx UL YT FI T Fo] 0% WHL T o gloug oy
T2 1084nm & #o]x W& REAISEZ] ¢]3]A Hot mirrorE& ARE-Stofof
gtct, of7]oll 218" hot mirror & F3& IS 17 2-10 3} Zrh

{714 Nd:YAG #lo]A] o] Hhal&2 A9 100%0] 7Hzth. 2ejnt oo
AH&EE A1% o] 32 530nm 2} 950nm o] RS ARSIIERE olE W
hot mirrorollA 2 &gt F2}-&F FIHTE o|Ho] AREH 530nm ¥} oA
of 100%2] FIE&E 7FA3L, 950nm T = o 60%2] FE&S Ze=th

IEFE hot mirror & 60mm x 40mm x 4t & FAS T A2t

=

fo

fr
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a3 2-10. FHolA ¥l WkALE Hot mirror B3}

(Transmittance of Hot Mirror for Laser Beam)

Lh 2% 538 AL

I 2-140l4 Hi=utel Zo], £§ poolofa] W& ulo] AT
hot mirror& T8t cold mirror& A|LbAA], 530nm 2} 950nm 2] w}ztol
Hogs] BuliElo] B&I|olA g3t E=3 JLER] olx AelS 744
517] 91310 cameraE MX|RT}. cameral] FAAYS 5o I @zl hot
mirrorg TRt ¥ = F HA] hot mirrorE AMESle] ZEAJRITE o)uwf A}
€% hot mirror & }3hE FIHE-L 530nm o] A 45-50%, 950nmoll M ©F 90%
o] B3E&E Zh=t) weElA cold mirror & 231891 530nmolA] 0%, 950nm

ol q 88%S FhHl #F A& Bolrte 2% ke o $ rh wlelA
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o]

Z T2 530nmo A 40%, 950nm HAE7|IA = 8% FAHEE & &

Bu)

olth. g1} 530nm Z&7ol 950nm ¥HEe] FIE-E 5.4% F=olut, 950nm
A& 710 530nn T FHEL Oxof shgth, utebx o] wjde] AL F
zolA Thad F&e whe i

olmf A}LH A% AZ7]-& hot ¥ cold mirrord] F2E&L 17 2-11
3} Zrtt.

o TR T T

1 SO - A TR T T T T
N \ N IO [ AR VU A AV SO AP I N
S EEEE e EmaE
- =t PR W - B

:j' \ N \"'I\J. ' . '..:JJ

© T et i o - £ aa T e e asn R R A
v

a7l 2-11, A% &AL AL E3}&( a)dot Mirror, b)Cold Mirror)

(Hot and Cold Mirror Transmittance for Signal Detectors)
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YAAE X AgslopRiTh oA 4

71&

o2 dAsILh ol o, &7 AEE TYSHA FAISt oF E7-HelA

8] spot size 7} #HA|7] wiZolTh.

=
=

1000 gm

AlA) AF A7 B73F Rofin-sinar laser

Aol F# gk 3-4 FEo|th R oA i

-
[¢]

249

K
offy

3

1l hot mirror?] W

F 38mn AEE AFESIQITE o]

2 dF A
a8 2-12= AA"

=

A22] xtol 2ste] YA spot A7|7F AA|

$e D7 800pn BT 2 VUGS APgstelol T,

qz Foltt.

A

™ (Lens Profile for Laser Beam)

F

a3 2-12. HolA AL A= F T
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MAAH collimate W=} FF A=

fr

Zdst F4& AHgstolet. =9
2] AL SF-11& AF8319 21, Meniscus #ZE2} RCX 3

Meniscus =MZ2] BIZ & 69, 5mm 2} 130, OmmES AF&3}¢i 3 RCY #=xe] B4
153. 4mmE AHE-3toich ERE Sz o2 1064nm o] AR IEE-E SlgTh o]
9 Azel wjde 27 WV ASE A spot 2AAE simulation 3
ot I3 2-139 ZH§ spotd] AV HAEE HESH, ZFE9IR| A
820nn A= ZV|E zheth A7 1000um o BALE ALY A xF
HE7E £ 0.2 meofl A A7 Z7]HEE ¢ 100 zn FEo|T)

THROUGH-FOCUS SPOT DIAGRAM |

3.000
FRACTIONAL
FIELOD
-0.20030 -0.10000 0.0C00C C. 10003 Q.2c000
[ — | DEFOCUS
0.0500 M IJ FIBER DJELIVERY LENS - 0.9X (K=-3i | 13
WAVELENGTH 30030
SEMI-FIELD =~ 1. 0000 MH SEMI-APERTURE = 15.0000 MM

ol A v N 05-27-3938 15:43:15

a3 2-13. 9% = W 37| (Through-Focus Spot Diagram)

2822 1000 zm & Ao XY A XA HIl= £ 0. 2mm, spot
2] A7 4 900um FEolBE Fa| ¢lo] A4 gl
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5. AAEA L A

AeA A HAE T T AN AA L A= SolTh A
o] 718 AHEL FRA ol AE FHA, mirror W filter F& FIFFE,
X% detector, R ZIAE 2|3} camera W monitors 7|2 23} AT 4
40 AW B AR FBolth 1Y 2-14 & ZARAe FEmol
th AX]2] Z7[E& 600mn x 300mm x 110mm F =] Z7|& Zb=c}. X3 F=

2] o]l= HHOA 32 mme) [X[s}e] A A S

i b

08 2-14. A A BHE (Layout of Monitoring System)

a

gojA Weo| &7 & Fdfof AFAFI7] A E dF S oA W
gxx Aol Hasitl, wleld dF &2] collimate lens & X

olFH ¢ A AAsIY e, &7 &£ FF AR Z FOZ o]F3te 9



dlolx ZARAS R AL AF 228 Zrh 2AIRA B
=ollA miute} Zol ¥ A2 3o U] ME UYS FFol F2 A
z}shoict. ARRIOIE canera monitor7h AAY Atelel Adolm, dlold M
Y 23e 34T 4 Ak F/PIsS AASAT ARY AL dolH )

BAAS B ohiet 2%, R Ao W FAAH HAAEE ¢
7 317 915} package W2 AsiTt.

L.
REe) AAAATE 2o gt

=1

>

AR 2-2. AZME #lo]A] ZHA]AFX] ( Laser Monitoring System)
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M| 3 & Space grid 2% 4l M5 F4M

A1AEAA

—

Space grid?®] £ ElE AANHE 23 FREY Z&HIY 29 W
|3 T2 FAol whet Wol tiEA Hrh EF &3 =7 golA ¥
B A uret HE7E el oPH space gride] oA &FoAM = cross
point?] oA &He] thste] SEYJENE HFH o2 HY, A3t
o|lz] M FFEY, LSy U XFAY HIE H4E st A
ef #3tE Mgt mE & F Y HEIL ST ol oW FFS
o[ X=7tE BEsHTh

|3 AEe A dolA &3 F UAgste WY IPE A3 e HUist
A, EFFE SO A 3 ZHAatel] ofste] £ uvmstoct. 359 &
3 AZe 5A4& vl iYL, AZEAHSE o]
Huojct =1 =AE dataE SA431o, &

data H2|7]leg o]&3te, ZHLAAE A

2

1o

™ oo

Space grid®] &3 % EHAAIE FE3) E9 vhat 2t
1. #lolA &3 © space grid?] o] &HoA FFEHo] AT &

24,
2. dolx £ F WEHL AT 24 : §3 Aeiel we} Haste 3

B AT 5EEN.
o] FollAE laser §F2 &7 pool oA WEEE= zpghE 232 B

of thalA Zl&staiz} gich



A 2 A Space Gride] o]x &H

® 3-13} Zr} oA grid 23
B ItAE Ar gasE ARE-SEAATh T
TEYE Wil &3t

2

2z
o5}
8
[0}
2.
[oN
X
N
Y,
&
2,
2,
of
o
1o
(g
o
fr

2 4ol whet 2] 88 oldt ABN=e] XAAYN TEA Uehdch,
et ARz BUANN 2RI AT U] WBe] I AES

3] st A 4 EAstaich

F 3-1. dojx] &4 W4~(Laser Weld Parameters)

CBEREE A
HiEY 320 - 420 W
e g 17 PPS
BXE 9 msec.
HA 12 pulse
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1. A= ofFol utE &34l

go]A] ¥FE-§&2 17PPS, HAEZEL Omsec, X = 12 pulse® 33 1
3-1 & F 7IAY HIFEY &3 F olSSEE WIS HEY &Y
lo] & Liehd Zlolth o] ZgloA &YZole &l IH ZA UEhdrh
2|3 nozzle 9] o]FH=rt Aoyt &¢lZlolvt XiE UEhdth ol
|-§RA7} FolA W& FFole] &§sted olFEEI UF mi=m P

dze) 2ol wixlghe A% AZHr)

s

[N

0.8
0.7 r
0.6
0.5 r

04 F

Z0l(mm)

P—}-O.B-

0.2 1

0.1

0 L 1 il 1
320/ 380/ 420/ 420/ 420/ 420/ 420/ 420/ 420/ 420/
6 10 10 10 20 20 20 20 40 40

HAEH(W) / olSHZ(mm/min)

a7 3-1. o]$& o] upE £4¢1Zo] (Melting Depth VS Speed)

ER 2A7E BEETA HolAY 2AHSAT} tiEA FHER =&Y oF
P Edsha AxHer 22 EAMEE o

§ET T
& 4 th 2% 3-12 EE HIFEH 42000 M= 0|4 =Tt oF 20 mm/sec

e
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mn/min HE A AL LA, BIFEY 4200 oME °|FSHE 10mn/min

oM B AIBFE Zrh ol EYERAZ &8H EY vls §=

2 92 dY¥UFE Ze ZeE B
vl 2L} o]EEE st 40 mu/min 7} HEH YR wlE o]l&&L&TE R Qs £

a0l ol Fgol Holrt.

140
120 L
&~ 100 1
=
E 8 t
"
& 80T
| s
w40 T
30
3 20
O S S . S o J - L 1
320/ 380/ 420 / 420/ 420/ 420 / 420 / 420 / 420 / 420 /
6 10 10 10 20 20 20 20 40 40
HeE2(W) / 0IEBZZE(mm/min)

23 3-2. ol 5o wE I3 (Thermal Effect Area VS Speed)
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2. do|A BFEHe A7 &UNE

golA FFEIE 300 - 4500 P2 st EHY
Fstel Uetd Zlo] I3 3-30]th o] aeA &¥o] Id
o] Z|Lt 4240 o] ol M= HolXTh ol &%o| rishd =
7185t gloiAle He= AzpHch w3k 2HL] WL glo] FFsIULE
2 go]A &¥o] Hrisid, &8F wf AEFE EFETt dITF B2
AUAE A RAeos Azt webd I PN AR oA

£YLoE FHrje &dzolE €&  Slrh

1.6

1.3

€
e r
~ 1.1
S
N L
ol
&g 0.9 F

0.7 +

0.5 —

448 448 424 389 389 354

17 3-3. golA] &YYo u}E 84¢Zlo] (Melting Depth VS Laser Power)

golx & F 23 $IAE WHAIA Y &Y Bl &8 2

2]
718 aAstT. 2Uuse e 848 29 W 1Y 3-49 2l
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4714 dolq & Mlel FHIA §8E 2L AL ugUS T £
qith, ol mA7} dolA We Footel S8t A, zdel Wbl
Q= @ dlolA spot A1 AL ulgsAl $8E /€ Pichs A

4 9t

o

3.4

3.2 r
>
3+

2.8

a8 (mm)

26

H=EZ

2.4 r

22 r

448 448 424 389 389 354

#olx PN BFEYE 23t 2
EZAEE stdrh ol AMEH HolA WaeE £ 3-13
£ 60mn/sec 2 3to] EPAYE 3313

23 JAWHE J1E 27 4.5mE mT YFsje] SHshATh =

M

o4

d



X (mE J]ELE -1.5mollA] +1.0 mn Z}R] 0.5mm 2 WHIslda 8l
3-50] &F%r B4 Zo]E HoET ‘8“’]%:0]\_. o] uwiegl thEL, AA

Het Az oF -0.5mm o FelA ZE &4& UEhisict

37 3-5. Ao wWE &Yzlo] W

(Melting Depth VS Focus)

4, Space Grid®] #Hol# &3

E99 space grid HojA &F A9 datad 231, AA| 17 X 17 space
gride] TAE 8BS AT Aol 2HA FABs|eke] oz} 45}
U2 E 2ste] Ar gasE AMEEIEIT FF2 AMRE Ar gas o SEE 237

nozzle T-5-EollA 20psi AEfE -§-=]|8F ¢F 120 liter/minojt}. A¥o] ARZ

...40_



H €3 nozzle 2] AHL oF 8.0 mno| ¥ 3-2 2 T2 HEE space grid

|HE +Ystedrh

¥ 3-2. Space grid &3 #H<

(Laser Welding Parameter for Space Grid)

L R 2
BEsd 400-420 W
gtE o 17 PPS
BAE 9 msec.
B 12 -14 pulses
B3 7 TT Ar
2474 °F 120 mm
=E37) %% 8.0mm
spot size °F 2.3 mm

golx &H7|IZ &HH space grid?] FA] 22 ARz 3-1 2 ol A}
Z212] space gride 17 x 17 2] WH o|m A KNFC AlojjA FatEl:= 5o

3t Fefolrh.

_41_.



A2l 3-1& space grid A ReFe] Ao, AMR3-2&= ZxPE shLle]
FHojH ApFojch £-83d 379 AL 2.7 m FEo|H, £ SHMEE

Rt

A2 3-2. PWR Space Grid ZX}3& (Cross Point of PWR Space Grid)
dlo]A & AFEE H& Hele AN 3-32F At ARz 3-304] o]

A P& Zol= 9 msecE HoErh EF BAUI L AFFEOA ofF

B BEEYo] Yshyry
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AFZ 3-3. dlo[# HA ¥} (Laser Pulse Wave)

839 AU gUTES WYY Sstel UM ATY the,

=H

et

Anpx]2] 4=}=7] 180, 320, 600, 1200 4o% Amisiadch FHEFHO

flo

0.05zm &Fujr} EU4E o]&3t polishing 3}ATl. polishing | AJ¥H
methanol 95%2} HNO3 5%5 412 Z3 2oz AFf ofasteict. A2 3-4=
A4 dolx B WAl A 340l SQZolE o 2.7m A
Zolm, &AFHL obFY AT WA Rl




A 3 d &3 Poolofx] UAHE &3 AT 4

ofo
ity
o
3
2
>,
=,

2,
o
rr
P
rlo
o,
ot
e
[N
(i
o
ol
_2[_5
2
S
of
ot
nx
do
f
o
ofd

ZA AL 200mn o]t},
950nm2} 530nm TS W2 Mxi7t gow, A% UL wFOT A1E-3}
Act.

950nmi= Nd:YAG #o]A]2] m}zbel 1064nme} B3t o8 Aol {ALRl7] uf
ol AdRstact Z2eEla 1064nm w2 §HA] 950nm pe] A% HET|o
AL & A d=rh

530nm =}zre] A Si A&7 A% £2 AEF Yol M7t
950nm o He] WelA 17| wiZel AA st

AHEHE 530nm o} 950nme] AT = Si HEV|MA FES] FE E
1, 10nm & =& zl= band pass filter o] 2]dled G2 o A
950nme} 530nm AT = FE8] UA|Y 4 glrh 530nm, 950nm HE7]oA L}
L2 Z} 421¥F = A/D converterE E3}o] computer  ALE, sawmpling
speed = ¢F 100 KHzZ, Sampling point m}t} 2008 olA} £X& <4 Qlr},
EF sampling #o]A pulse A|ZF2EHE] AGs] x|AAZ A 7MY JHs

it XJAAIZEE 0.1msec ZtA T Z2AEY 4 9it)



PWR space grid®] 2pd &3 BAY Nd:YAG #Ho|AE <=3F3tglon,
FolA &3 ZAL 17 Hz, Imseco]d cross pointE A seict.

8.5msec X|AA|ZHEE] vf HAuolcl 10usec & 25032 A3 E = H}Oﬂ
th =3 A & 7 12 HE &3] Jhestr] wigel 12 pulse 7HA]
AHg-stedict.

golA A1FT L 950nm(X) 2} 530nm(Y)e] F »AS SAstTt dolA A
32 £ go|A "AI A2l il 8. 5msec KB 10usec ZHHOE 250
5E +sHATh o171 950nm(X )] FEE 10usec o] 950nm T3] Z7|
olm, 530nm(Y’)&] FE2 10usec F&] 530nm T}AFe] Zrjoltt. #Heo|x &§&
pool®] WMit= &&Fo WYz A doldrh #lolA He] off 3h=
&HE &F pool o ZI7L FEEE SSFHTE AZE In(Y/Y) - 179
Ln(X/X") & Alab Zk& H-SHE Axdstd i ghol vUshes X7kxle] A
7he Aarshd, AWz 2 279 8§ pool & ZI| 7} ZHE w7t 2]
A2 o 4 otk AR AR HAe) HAAolOA FFo] FHedtel.

A Zb wzte] &%k spot 27] AA AR Ln(Y/Y)-1.79Ln(X/X") Al
2 83 poold] 27| WEE & 4 AU, o WHE UA|sl] &F pool ¢
3

A WHEE 17 Hz, BAF Jnsec & 7|R2E, do|AE U3
stedom O¥ 3-6 o= HgEYol 424W, 18 3-7 oA E 389 B &4
St9 S A% 88 poolollA WA= Ln(Y/Y')-1.79Ln(X/X") XIS &
sto] AE 2% 3-4 9} vl=Zstgch 2@ 3-63F 3-72 wl=gk Ao R
Iy 3-70] ¥ 3-6 Brl Athkes AL ¥ 4 dAch ol I¥ 3404 A
o] ar|E washd, FIFEY 424W0lM 2A Urhte 23 Sdsict. o 7)
A x &2 o] B& FTEF 10 psec & 250 719] dataghS F3T Fgoln,
Y& Ln(Y/Y')-1.79Ln(X/X") 8] A4t ZrolTh.

¢
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PLOT : A(FG-FS) DLY= 8.5 DATA= 25¢ STEP: 1B CNI= 12 AUR= 2 P No = 1B
FILE : B31-B6. 3 wwe 4 GLnR/Hn e LoY/Yn wsy 4{LnY/Yn = 1, 8LuX/Nn})

2 : sl N Dol : : Dot
a sa pL:1] 58 284 256 HOR-DATA

IDHELP  2X%/7Hn  32R/7Y  4dY/H SYLnH/® &dLnY/Y 7DF6-F5 8OP No, 9>CLS  €6OHOHE

% 3-6. 424 WollA Ln(Y/Y’)-1.79Ln(X/X )3k
(Decay of Ln(Y/Y’)-1.79Ln(X/X") in 424W)

PLOT : 4(F6-F5> DLY= 8. & DATA= 256 $TEP= 18 CNT: 12
FILE : P1-86,5 s 1 BLnoX/Hn  wee LnY¥/Yn wemm 4 (1Y
> . ; bt -

-2

1XHELP  Z2XH/Hn 3DRAY DY SOLaHX BXLaYsY 70F6-F5 B3P Ho, 9>CLS  8XHONE

% 3-7. 389 WolA] Ln(Y/Y')-1.79Ln(X/X")Y 3}t
(Decay of Ln(Y/Y')-1.79Ln(X/X’) in 389W)
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ol AAY &&F HHY 2
ith. olflol oA Wl FEEY 424V, WHEE 17 Hz, HAEF Imsec
£ J12o8 "®ad LSAEIE Aaldrh 23 3-82 La(Y/Y')- 1.79
La(X/X") & k& o8] H 53 AZY wjdoli 974 X 2 & &
VeI Y &€ Ln(Y/Y')~1,79Ln(X/X") 8] 3t LieEpdct gl
2 £ pool & AV} £F ZolE = 528! data 7} Hr}

rlr

PLOT : 4(F6-F5) DLY= B.5 DaTA= 258 STEP= 18 CNT= 12 AVR= 2 D No.= 0B
FILE : 83-86.S sww 1 OLaR Mn  sws LaYsYn e 4CL0Y/Yn —~ 1 BLaR/Rn)
2 F S Ty e R e —————"

-2

1IDHELF  2>K/Hn  3>H/Y 4OYH  SOHLoX/R 6XLoYrsY P>F6-FS 83D Ho, 95018 @>HONE

%l 3-8, 424 WollA] Ln(Y/Y')-1.79Ln(X/X" )3k
(Decay of Ln(Y/Y')-1.79Ln(X/X") in 424W)

5

3% 39 & 83 F wAsH: 43¢ Asjolnh, o] Aol B 3
£ 4 0 dold Wast Muok 84 poolold Lol NI} AFHE

o

g 4 Q3 2% ABAE A dPsith mepy o] ATe] Byoze
58 WiolF ol ol WAHE o 4 glr,



PLOT ¢ ¥, Y-FS) DLY= 8.5 DaTa= 258 STEP= 18 CNT= 12 AVH= 2 D No = 88

FILE ! B1-86.5

4864

38pB T

20688

£

s X By Y e XY 2y 797 .

1>HELY

B

5 18 15 28 25 NORH-COUNT

2>FILE  3>ASCIE DK, ¥ 5X/Hn 628 No, 7>ARRAN 8>DATh 93AVR  @DKEOHE

a7 3-9. dolx &FH X
(Laser Welding Signal of 530, 950nm)
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A 4 A Ao7lesdT

A 1A & gA ZA 74

go]x AT HAEZS 235l Ae|E LE rlo]E, I 12 bit oldR 1/
]2 H33E 2ol Tr|/x|eixg] U HolF ¢|5to] RISC nlo]2Z T Z A
2 IEE A3t SFH vole e HY JdHH|AR HolEHE HA£5}

ol IBM PCol M Hel3t=S stodrt AxnAe] 34S 28 41 7 2o

530nm BEY 12 B]E ADC
alo] 28 AFH
950nm FSH 12 H]E ADC N >
=2 M)A Qe H o] 4=
F7ABHER Agy A

a8 4-1. 88 A AA 4=

(Diagram of Weld Monitoring System)

Ch&2 2t

(o

AgEE 2t B2l 4 Vs
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1. ¥ 43 A&HF

i

28 pooloflA HABElE el 530nm 2} 950nm Y] H AE U EIE
AE3e FROZ I¥ 4-2 & Zo] FAH AL

7 4-2004 F AT HERELZ o] &Aoo FHEOA tlojo=
o] cathode o &= & load A& WHEAA A3, FAld SJ/HE A
o] 2N amplifier 2] amplitudeZ o gir},

A7|A B A4l T nlo]2E2 ZEMMERE UM HolBE shift
register of A& sto] Holgch

H2tg RTe} tloleTi 2hzh AbA 4-13F ARR 4-29} 2ot

| O Amplifier
| HeleE ADC
Zgdnga /
geagoes AL L

FEE

Aois =

Shift register Microcontroller

O3 4-2. A% HAeR FE=

(Diagram of Optical Signal Detector)
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. Kiifa.N H@
uﬁo

AR 4-1. F AE HER AR 4-2. AE]E ZETO|LE
(Detector of Optical Signal) (Si Photo-Diode)

2. nlo]l3E ZEANA 2 AFE AEHo|A

olo] 32 ZZ M| A= RISC(Reduced Instruction Set of Computer) 2}A12]
l-chip nlo] 22 ZEEHE AME3tglen WHH /24 2ES
IBM PC & B HolAR H&3gTh ool 5 sso HAKZEE 7}
12 H|E A/D MBI & Z2 HEo| WAste] FAdstAdnt. FrdL 19
4-32} Zrh

FAEHESRE] 12¥E ADC [

CPU

Memory AFE
ZABHAERS 128]E ADC [ K—>

& Input Q1 E] o 9]

/OQutput

Port

FAEHAER— Aguimzz

Microcontroller

I3 4-3. molaR ZEAMA 2 ZFEH dEHolL 2E=

( Diagram of Micro-processor and PC Interface)
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nfo] 22 Z2AMA W AFE QEHolA el 1 Ao BEZ A3y
o AH2H FAXE= Az 4-33F A}

T ansnnsnt

A 4-3. wpo]l32 2 Z2AA 9 FAFE UdEEL RE

( Micro-process and PC Interface Board)

Azl F Az A& AU okt ot

+ 3 3 4
T 8 & 12 BIT
FRET 5 - 255 psec
71X A2 0.01 - 25.5 ms
ZHE A e o] & Centronics Interface
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AUY Zrowe B AT EHo] sl SARAEA AlE T
574 Z2os 24T ATE 7 PHUE At THZE BASHE B
A mzoges Base 2HHYLh 72 Zeades A&l WE 98
o spelM helpS 2w HA) oMol AgHe BT EASRE

help 71%5& ¥4th Z =233 7% thezt gt

off

HF A% HES % =2a8o8 N =2 flowchart & I3 4-4 ¢}

»
i

SYSTEM
INITIALIZE

TEST

% 44, A% 2 EZZ Y flowchart

(Flow Chart of Optical Signal Program)
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a7 4-4 9} Zol B HNE & Z2IRLS SHTANRA B uHH
tolel& 271 44 F IBM PColq FFoll AAH A& stedl &4 Jis

- ZA 2713 o]A A A MElE F AR FEBAE AF

- HaE @ AF SFAAL AD WIS HAESE S50F delay

Shol 1 3 &% F doly A<,

- Control : I A1ZF ZAo] TFAH uolEE L£Astm Ao ASste 7]
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