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Abstract

Weld pool oscillation for the full-penetration GTA welding process was investigated for its possible
application to weld penetration control through theoretical modeling and experiment. Energy method
was used to estimate the natural frequency of the molten pool having the physically-acceptable weld
geometry and oscillation modes. An unique experimental system was built which had the data acquisiton
and video capabilities so that the pool oscillation signals and molten pool surfaces could be monitored
continuously. Pool oscillation was detected through arc voltage and arc light emission simultaneously.
The signal from arc light emission showed good coherence with that from arc voltage, and arc light
generated the higher quality signal. The molten pool was found to oscillate in different oscillation
modes based on the travel speed and weld geometry. The natural frequency estimated from the theoreti-
cal model agreed reasonably well with the experimental results.
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&8 &9 FE(weld pool oscillation)o]F Zoj
Ao ol 2Eshe dAdoln, o] HLo Zo
g, 53 Ae5e 29 gAYy 37 2 49
Feiel FES dAED £6 E9 IE @A) HE
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2X g3te Sd4HY B9 @72 Aojste o)
S&3A A8 B0l 3P FE5U W= A
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FH de 43§ vuslnz $ BRLQ Ay
AME Ze dile 0|20 4L ALY 4 gloy
(8], ol %-le 29 N5 9 A(signal quality)©]
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Rayleigh®] oYz WY& o|g3dld 88§ Zo
IHASTFE 9 49 82U, T vE @
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T-317] 98t AFEEE o] AAZAL NEA)
Z1ell U8 B8] i, @48 Zo| At tg
g3 E 7 9 2 9 Bgd 2o §
37 AFREE A A DA HE I

B8 E A2 o] 1A oiA] &40 glupw,
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Umax = Tmax (1

ol IFRE9) ThE ZHL A= WS
(displacement function), Ft(xy,zt)7} Folx1 &
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A48 (Fig. 1b) 2.2 71389tk Fig 109 843 &
x84 Aefse} R3] Ho)8-3(transition penet-
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(a) Full penetration

(b) Transition penetration

Fig. 1 Weld geometry and coordinate system
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dFy, , dFy,
wz:q[((dx) +(dy) )dA

olF? dV ()
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mode) & EF3lo] s ut dAREE FAH
U = 838&5d HEd SPR-E A
wde] =7] AFsla] @Eel Az|z Aol =)
sl Ze Lo gy, ol Feof fHE ¥
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WYgre Zo 43 AEEEe ostd AF
53, o] HHo] ¥Astat(volume constant), FH
el £x7t gitkeE Z#(no slip condition) S =t
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olm He AlHe] FAo)x, L8 Wz)e 259
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Aol A &5 A 25E W& W%FA7](amplitude) 9
WslE Jehla g Be xydelMe MEgRcg
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Zy_ — e
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o vz Jeh Ce Yool dsrelvh 2(8)9)
4 n& 2EE wWE JEIY)9 HE FAAgs):
FrEA, dAREAME —28 Ao HAT glo-
shing2 =4 B8R A e AR gt o] 73
T 0ol 2 A 54S ol &3l 7F F Qloh

2 R Rew 2(9)9) 328 high order terms) &
AAA 711 BAAZAD FFRAEAL hEee ¥
A UYAEE, sloshing 25 2 B oA

247} shehst B,

F(xyz) =KQ+ (1—p)§—{) -2

P, SR, ARV
(1 ((L(z)) +(W(Z) ) (12)
_ _NZN, o 2X
Flxy2)=K1+Q1 p)H) (L—(Z) )
(22X oy 2V \ayye
Q1 ((L(z) ) +(W(z) )D) a3
— — L n — _2_X 2
F(xyz) =K1+ p)H) ¢! ((Li(z) )2+

2y (22X Ny 2y N
(Wi(z) ) Q ((L(z) ) +(W(z) 3 (14

WARE sloshing @ B3t =9 Wstsa 2(6)
of st 7t mof sfdale Fo] BAfo) o) ahe
HESA 73 L/AET, oE VAR o9
(159} Zo] AU /T4 o* 2 Uepd
Utk AU LRAFFE £9 A4 Zx
NEBFAG AE EAQl HFo|Y Fugya n
B EHol, AFAFTFE Fo] AL Y=
gl 7lg7v Akxe g4z Jehg 5 97
ok AR, sloshing RE 2 BEgns=o] 29
T HATFA AU - W3 T ne
AEgge 42 orge) d(16) - (18) T 2o,

. 1_ , O
® —w/(W(O)\/ F (15)
0*=2(2(2—¢) (p+p M) (16)

*=4((2n+3) (4—3¢?) %) X17)
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*HS}J- AA Ee] AT vashe ”@94 &
g + ok 2§ Fo AFF4 4P

o
o
it
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3.1

St

AHFRE GTA £HS 48 Aagdozn, 3 3
§-5.2) gantry-type GTA 82124, vlolet 3] (data
acquisition) 2 ¥t L.(video) A=HoE TAHA
ot AYAA 2 4L Fig 39 vepd Qith &
A7) AL2E F3e AFATE £ YUY oA
we] 34 (image)# A9 #EAY & U=F 3¢
At

AA Al2€g Aol HFEE IBM-ATOIH o
"?‘% C dojz mzaystgoh AHEg &4719 &

o 150 ¢ o]o] 9] transistor® 53 SHAFIEH
«1 programmmg°] 7bsdte). AT (fixture) © &%
AAHE ARt AJHE 7YS Fog L

al

osclllaten
signais

paci ascillation signal

HPF CON LFF ADC
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Fig. 3 Schematic diagram of experimental system
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HHEA 2 AFE o1 &F SR B A

fuc)

Ao AREL 2Eglo] FUE B3 £ oA S
CCD 7ete o] &3l AR + Y2 AAIY
o},

SHAFE 22y 2 $YAA EL AFA) 1,
H2 g AE ola AU ofzl o] WElE £y
29 IFE AT olaAgde £198 % AN
Atole] Hgtoz ZAEn, ofaWe &AL T (pin
hole)©] E& 2} el A8 &) %A = (silicon so-
lar celD & ] &3t EAsHT ofmL AA FAe
|85 Ao v H 30cm B A A
ol2E #ate] nFAIAL 29 L5 high pass
fiter® &3k 5Hz ol3te] A& AAR T =
Z50) FFE AC A&+ low pass filterS £33}
450Hz ©]739] A2S AAsATh

olskgo]l Mejd A& HojE £3g REg &
st 05% ¢ 1000Hz2 S#(sampling ¥ ¥, &
Aoz wrggd AFHAY. &Ho] EY Zo,
2zl AZH NEEL fxze] AHAsgr)

Hltje AlAgle ZFof iy} ojgiuie] Bate
AFAE FAl BAYE 5 LS TEY
Coaxial vision EX| [9]5 AMg-3ld 1de] shts
THREGL ofslHey gL uH T olFH A
2" CCD #AvEE 53l syt F e
3¢ EF71(video mixer) & F8le] shte] stoz
A A1 frame grabber?] YHo 2 B v e
AT, o AFAZE AZE slde 9w
a2, 71ete] FAol) ugk AR s43e ool
Z8 gt ojgho] Hald e Fo AW o}

(d)

Fig. 4 Weld pool surface image with oscillation signal
and process information
(a) oscillation signal (b) bottom surface
(¢) top surface (d) information
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P 3, & AFAE 2 Ve AvE g
3124 (Fig. 4), VCR EHlo|Zeol =315 9]0,
oletgr2 dlolel 33 FAHY BYPL FA
F¥3t7] A3, interrupt®t DMA(Direct Memory
Access) W& ARSI o] AAES o]&3lo
o] AlHA A& £ UE ATANZY AFE
Hoi 1200]7, ole ¥FH =9 =7 (allocated
momory size)oll 93l AL} Fo] AT YA
AF2 5 AEAN A3 5% B¢ 2350,
DC&2 H2AFE 71317 AAo 2ok

3.2, HEZA U UK

AlEe] AEe 304 28 AL Fe 2 autogenous
bead-on-plate 8738 DCENS 2 3t} AlHe =
7] 5X30eme] I FA & 23mm(0.09 inch) o™, Z&
AEL acid pickling £ ¥ol] Hwie iz
AAsL EH AR FFRGFE A Hste Algston
M OAlEel BHEERAC] YASEE Yo, 2$7|
TPAEE ol2EE AMEElT, AlWel Bz ¥
A7) 7t &g Tt 432 Ak ch HAAF
SHAREDL 100 Ao & AFE5X107°2 5
A& A H T

4T BAARY 2HEEE WYY 29
JEAN5E T3Pl dubHoe R ghye) S o=
SHEEY) oladelg AT - 284
FE HAA 9 Z72 | olo] e
AEN5E ZA5Ach okmazdolE 25mm(0.1 inch)
E fFA8AT Base AFY ¥ 40904 100 &
#Hojolil £HEEE 0,51, 102, 152, 20.3cm/min(24,
6,8 inch/minute) ©]t}.

e &HolA 10H=) 20709 Zo] I 9} S
Tt g A3E 948 = A} £ BY 3,
AgE F9 53 E N F 34 9 (time and
frequency domain) el A X123t ch A7F F QoM
T2 A5 A 548 AEIYD, Fu o9
AME 4139 Power Spectral Density(PSD)Z -E|
AETE Adstdnt 2el® 7zt A5E VCR H ol
Zo =3te Fo| G4 ulolet mU(data file) o]
lEH WIE ol 8ty 2 Nz sFEh= Gy
FEIL o] FAow HE E9 AY)E =Y,

2o A
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4. 4zt ¥ nF
zo) BT AFLEI DANESF wAE D
e olzndg ojgdty A3t dBoR 5
[y £ AFAF AL PAFT, olEHoR
28 neAEsE A Ao} wasted de A
s#x2 FAEsack

4.1. o|SsHMATt

dux wHos =3 ANEY o TRIE
2= Eo Zo wmjdistn, BAY 9EH FAY
Agae) whlgs Aol EURH ARl
] FTHA (15)). ol whgk mule) Akl FASIT
R R=dA Zo ¥E v1e79 Fdre T2
e ez BEH 7 5 U, Fig 55 ° 9%&
HajZc} olg AL A F9 Holo Fo HER
UehiQoh Adert AeaE e 71877 AF
22 Ayl 22L& 5 ded, ode F°
BA7} ks, Eo Y S AFse FE2A0)
ztolx|7| wRolth Wwe] 71&7|7}h 2ol wel
AE7) FA3 Zvbeske Ao vehled, 44
2 olgfe] ¥e AFTFI AAE F goER
ololzte WdME M ndg HET F
glom Holgql Adefel =g Apg-stefof Firt

Sloshing 2=+ §H&E7 whe Z5-o 2830

S0

30

Non-dimensional frequency

0 1 - 1 i - L
0.0 0.2 0.4 0.8 0.8 1.0

Slope of weld sidewall (=Wb/Wt)

Fig. 5 Theoretical results for full penetration in
symmetric mode
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Bl 723 4 91, Fig 6a% 6bt F9 dolo} Fo
u)gol Z+Z 159 2091 3-S5, n@td ¥HA &7}
AHAESF nXNeE J4EE BHAFT Qdrh H{9
71717 7ol whel 2E5rb wobAn] ngtel
gafo] ZastE AL ¢ 4 SUth Fig 6olA tiA
R vuE ¢ste] Adstdch Eo Zeolst £
"] go] 291 ALole 152 AF9) vjuwste] e
242 KAt ALt GAd ol 9 F
A7d Z71sl7) WEo)t}, o} &3 o2 nof gE TEF
AR T AR v o2 73 AES A 8 (upper
bound solution)e) & 713 @ AT AF e
n&S FEL olmel AFFE AFAEFE AH3

50 ——
a —+— n=-1.0
§ a0k -0~ n=-05 J
g —%k— n=0
= --&- =05
— 30} 4
p —o— =10
% —#—  Symmetric
c 4
S 20}
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2 =~
c L J
g 10 3
2 .
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Slope of weld sidewall (=Wb/Wt)
(a) Pool length/width = 1.5

50 i T M ¥ ¥
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S st --0= 105 -
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c 20
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(b) Pool length/width = 2

Fig. 6 Theoretical results for full penetration in
sloshing mode
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| i gFEsE H8E 4 Qv B A 712717t 0478 Fe FRele &4 Eo
n= Ho| 7] AIFE g pHI}Penz 489 dEle dARE Hoe Holgdy e
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Fig. 7 Theoretical results for transition penetration in (b) Spectral analysis results

mixed mode Fig. 8 Pool oscillation in stationary weld
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Atk 2R Y Zo] AFAE FolA HA)FE 9} 51
2 203cm/ming] SHEEE £HB0) olFEeE A
o] Aol Azt Fub FdoMe] ARE
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ek ol tﬂ%‘ﬂ‘:i Zo 11%8}” Aoz P
Hol o]¢le] MAEL G479 Moz RE] dAH
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W3k RFol 025% FUT A s Hol
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(b) Spectral analysis results

Fig. 9 Pool oscillation traveling at 5.1cm/min
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Fig. 10 Pool oscillation traveling at 20.3cm/min
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