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On-line Monitoring Using SVD in a Electron Beam Welding

Choong Sup Yoon*
*Dept. of Control and Instrumentation, Taejon National University of Technology, Taejon 305-320, Korea

Abstract

Time series analysis results show the SVD is a candidate of on-line monitoring of welding penetration
when the covariance matrix of a full penetration is used as a mapping function. As the reconstructed
embedding vectors from the chaotic scalar time series are manipulated by the covariance matrix, the
mapped time series lie on a hyper-ellipsoid which the lengths of semi-axes are the squared eigenvalues
of the covariance matrix in the case of full penetration. These visualize by two dimensional stroboscope
views. The other cases like partial penetration, are different in the sense of sizes and shapes. Here we
test two types of time series: the ion current and the X-ray. The ion current is better than the X-ray
as an on-line monitoring signal, because the difference of the eigenvalue spectrum of the ion{between

the pull penetration and partial penetration) is bigger than those of the X-ray

(Received October 19, 1999)

Key Words : SVD(Singular value decomposition), Ion, X-ray, Time series

1. M £

Az oA 2L Ao ud: duUAY
(10'W/em®) & ol &3t &3& AT oA &3
o v& n&¥e E4& 7HA 3 o] 300mme] ¥
o e £40A 0.1lmm =9 BE £874A 7}
ok, =3 43 APl FEstn £H&E W
gl Y& ¥HYE AHEEHT e B A&l
o} 53] g2 &3 vid &4 7t 25U |
of, AR EA(ZAF &3, viAd (Al SUS
5), 2§HF%5(Ta, Mo, W 5), 2857 4% &
£(Ti, Zr 5), o|TAE &34 Tol 7M&sith. o3t
ERo2 3l WLy, 9", -FFF Fobol
de] 450 gton, o ¥ e, U4 &
opol| 74A] A guiEo] stz Sk dH oz e AF

KEBEHRPEEE $18% F1I, 20005 28

el Fdste £, AP s
ol FFEol FHA stEHAk 1, FHF X-
ray’t ‘EAst7] W] AHFANE HAAFHE Hol
o o] W& & &3l ®E 7HA o] HMT}
AdnEsE F7ote WAL A AL A
& gdiEo stngct. & Aol e 39 A
g 2dle s RYEY & 5 e B datd d
TFetnzk vk & AEe e SAEUR FE
EHeE stint. 2%dM e Hae de, A
49 M Se] He 71E AT 2 A &35
g5 7 de A5E Zlestild. AEE F oA
7 ® X-ray 113 & Y53 3FAM = Ay e
T A7ld ALd A5 F2 HdFEe &
& APz A7 A% BAA AE HE
ol ALEH A=, olgd WPEL B dF Aol 7Rl
de TS TF @4 TEIHIdE dAVE Az,

97



98

+ %A

BgH EAL 35317 oJf¥rhe Holth, 4% A=
7125 o] &3 HlAY AAYE A3 EA (nonlinear
time series analysis) & $3t9 2& TYEH 7]

Mg 278zt ot
2. F|Z0MS =X SHAF U Al

Fig. 1& Ax{ £3719 d2le BA4E0. &
*1 HEE Aze 53 ddde Ax FE2 46
, F2¥ SFAleld ¥ AGUMEAY)E 2
AzAe 3% Wt o] A TR &
Hue AA&EEE ¥ $£59 0.6M7HA 7H&5AE
AL, Azpel ke Ao AFM 2HIH, nFE
, EE Az Az o3 & Ftdstd
oulomb ) uwj & Wailets] vl At A &
A BEE, 1 oA BEe oA &3
£ 280 g4 geth. o] T AdEE AN
AAZ Aoz Ar|A= dFQ FE(focus)
FAGo] ALEEHT. F&EFL 3 W AUA Bxe
AFEL 353 Adsge Aol 7hestAHA 10°
W/em? o]3e] daid] 52 duix] 48 & 7
glt}_l‘%'

¢ 5 &5 2 52 UEE /M2 &5
Az EHE FET o, WA F
224 gy 2 At} o] giRES 84 E
Eoled AMEHEY, A& HAe 94

a4 o rE =

1 6

-

>0 o
oft u lr rfr

2o &
2 H

7- Cathodd

/
= I
I

1 Anode
v electrode

N

!
!
1
Gun ’v ' \ 'oousi
' =
chamber A ' ! coil
4
s { .
E] . @ﬂectm
vt coil
by A/D
x| OXOxT PO
t '! lon
“ t  collector
oo
Wt
1]

i —

Work
chamber X-ray

detector

Clouq g

[ Workpiece
Keyhole

PP —
Welding direction

Fig. 1 Experimental setup

98

Uzl A gz BE
EFolx F&4£& AA FH 9
Z (keyhole)ol&te R 3
slgtc}, o= A A

F4e)

FTHEY A9
FUHRP & A=z, 7]
detEA 713 dEE ¥
Z71e 71E ¥d9E /A
=d 89 olds &
&£Z7)9l Sde S EFHYCRE dojuA J|E
3% 3 83 AFox S 1
Aok, B9 25357 23 E 29 Hd 253571
(metal vapor) T+&%< gA3ta, AHH 22 AA
Zelznl e 2 WeE A
Aoz EARAET, 2 A ARFAA L
Az e ofw gt ez WA g1 S E =3
o} EF F)EolA AR oA E Y wA] ¥e
REAME AT 8 S50 &8 Hatet
o 2ngc,
Ao} 2ol AxY L4 o] & HANA M 2B
29 EAle AAYT £3UEES] g o
Az &§, 1% A%, Sxoltt. o 71&9 F3F
2 P A4AE FHEE] st o2 74 Bdo
AN 2 F NE 2FE 95322 B3, 7
T Zol9} Aol HYFH A, Ax ol H3t
4 2% ZHozRE o] TAdY sFdtn
to] B2 EAE 35 YA E ol &std fr =3}
JAF. FuEH 4ol 7€ T4 AsS 71EH
o] 715187 Wglo] e d 98y Wl B
Zat9th Fig. 2& 249 AlHE A4S §43 @
2 (shut off) ¥, AWt d& TdHE 7|22 3o
de adoltt. A7 M BN ZEad
(profile) & Yehl e, 84&=9 Ado wat &
gt 84349 85202 ALNEG AAAETL
e oA FERACE o B2 ¢y HAT AAY
o] $EAURAE o}, EL HER F& FVE WE

o
o

o

A Hol FHE S o] FEE TEAA
(projection)eletx F&ot ¥e] FRHo2 1g}
o F% 2718 BE FE 5 1 9% 2e e

=M (depression) ol 2til F&

71&9] dHol7t E45 A ‘:]‘Iﬁﬂ’q«] A
Z718ta o] 8L £§FdE Ydo HEn ]7‘1
A FE£571948L 7)1 E(keyhole)d FFLF, ¥,
A 4ol o AeHed o= %21334"“’“ ol -
YA A} glol B E 7182 ' Aol FAR
o Zodith 7 Fug §3E A HE AT
e 2% ¥e A vE 83 2EE Y
Alq_S)

AT SHEFS F3AEoR YAstes AL

-{> fr

Journal of KWS, Vol. 18, No. 1, February, 2000



AA §3904 SVDE o4 Lakel BUely

99

Electron beam

Ion current : from

L ; the positive ions
i oo -100Vac
© O:io: I

eg ~® UV light : emitting from
the plasma

X-ray ' by impact
at the metals

vapor N " Sound : changing the
: density of metal vapor

Solidification
area

IR light : emitting from {.
melting pool

Welding
direction

Fig. 2 The profile of the keyhole.
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Fig. 3 Ion current and X-ray signal
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