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Fig.2-20 Typical frames picked up from high speed photography
(410frames/sec) of weld pool behaviour in pulsed TIG welding.
Tav=150A, Ia=50A, rectangular wave, f=5Hz, welding speed
=10cm/min, arc length=3mm, vertex angle=30°, mild steel
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Fig.2-21 Typical frames picked up from high speed photography
(410frames/sec) of weld pool behaviour in pulsed TIG welding.
Iav=150A, Ia=50A, rectangular wave, f=50Hz, welding speed
=10cm/min, arc length=3mm, vertex angle=30°, mild steel
plate (SS41) 9mmt,
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Iav=150A, Ia=50A, rectangular wave, f=100Hz, welding speed
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Fig.3-10 Typical frames of TIG arc ignited on the water cooled copper
anode taken by high speed photography (8000f/s), (a) peak current
duration, (b) transient period, (c) base current duration.
Iav=150A, Ip=250A, Ib=50A, rectangular wave, W-Th 4 mm dia.,
vertex angle=30°, arc length=3 mm.
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Table 3-2 Effective mass, spring constant and damping coefficient
of the vibration beam used.

Dimension Effective mass Spring constant Danping coefficient
LxWxT (rm) m - A{g) kl (dyne/cm) = (dyne-sec/cm)
360 x 100 x 3 Cu 410 9.22 x 107 875
360 x 100 x 6 Cu 840 3.58 x 108 6000
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Table 3-3 Numerical values used for calculation of weld pool oscillations,
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B CER k 5F—ETH 3. 15~ of weld pool oscillations.

3 OHzTUEHMDIRE . RIEBKELRY,

VWHWAHIERF R RTORINUTAF Y
LASTRIEEACEROEABA SN RV, ZOK S EHRMEOENI X O REIRNR
PRRBIEDHTEEIN S,

Stainless steel

Material Dimension |Beam Welding]current m m, k] k2 4 ¢, P
thickness Tav Ia
(mm) (mm) (A) (A} (9) | (g) (dyne/cm) | (dyne/cm) | (dyne.sec/cm)|{dyne-sec/cm) | (dyne)
Copper 50x100x 9 3 150 100 900 | --- 9.22x10é -—- 875 --- 1000
50x100x9 6 150 100 {1290 | --- 3.58x10 --- 6000 -—- 900
Mild 50x60x1.6 3 75 50 533 | 0.96 9.22X]0; 23700 875 50 300
steel 50x60x3 3 125 40 563 | 2.28 9.22x]08 34000 875 70 650
50x60x3 6 125 40 993 | 2.32 3.58)(]07 40000 6000 70 650
50x60x9 3 150 100 664 | 1,15 9.22x107 18200 875 60 1300
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Fig.3-26 Oscillations of weld pool bottom of thin plate.
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Table 3-4 Physical properties of fluid.

Liquid | Density | Surface tension | Viscosity Kinematic viscosityj
(g/cm3) (dyne/cm) (g/cmsec) (cm2/sec)
Aqua 1.0 72.75 0.01 0.01
Mercury 13.6 470.0 0.0155 0.00114
Glycerin 1.26 65.0 8.7 6.9
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Fig,4-5 Calculation model of
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Fig.4-13 Change of marker particles in the basin, computed.
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Fig.5-14 Typical frames of pulsed spray transfer taken by high speed
photography (4000f/s), DCEP Ar, Iav=200A, Ip=350A, Ib=50A, f=50Hz,
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Fig.5-15 Typical frames of one pulse - one droplet transfer taken by
high speed photography (4000f/s), DCEP Ar, Iav=200A, Ip=350A, Ib=503,
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Fig,5-16 Typical frames of one pulse - one droplet transfer taken by

high speed photography (4000f/s), DCEP Ar, Iav=100A, Ip=200A, Ib
=50A, f=13Hz, mild steel wire 1.2 mm dia.
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Fig.6-2 Observation system of metal transfer.
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Table 6-1 Constants in equation of wire melting rate.

a B
Wire rnea~tesec! A2 sec!
Mild steel 1.2mm dia. 0.311 4.63 x 107°
Mild steel 1.6m dia. 0.236 1.22 x 107°
Stainless steel 1.2mn dia. 0.321 6.14 x 107>
Copper alloy 1.2m dia. 0.411 2.37 x 107°
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Fig.6-5 Influence of distance between electrode and calorimeter
on measured value of heat contents of droplets.
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Qu=a (Tn—Ta) St (6+8)
Qr=e g {(Tn+273)*"—(Ta+273)%} St (6+9)
a=Nui /D (6+10)
Nu=2. 0+0. 8Re!"2Pr!"? (6+11)
Re=UD/v ‘ (8+12)

BEU. o BMEER (cal/con?/sec/des) « S : EHOREH (cn?) « Tn: BEOEE
CC) « Ta:BHADEE (20C) . Nu: XVt ¥ Re: L4 JLXH. Pr:
TS5 MVE. X BMEERE (cal/om/sec/deg) « D L FEEOERE (om) . v Bk
2% (cm/sec) . U . BREORITEE (em/sec) « £ [ IEHE. 0 I AF T 7 « KLY
RUEH (1. 355x1 0 2cal/sec/em?/deg?) « t @ RATHERE (sec) TH 3.

BB A v, PriZidTable

B8—2WRT 20CXHIY BLRMD Table 6-2 Thermophysical value of air.,

EEHCR, Y

Kinematic Thermal

1 . Prandtl
S > > vis 4 c a . .
féiﬁmﬁngliqf‘\’ﬁlﬁﬁﬁmﬁﬁ)b 123051ty on :\Jct1v1ty number
cm” /sec cal/cm sec°C Pr

VIFEE Vv CH L. TORIIEH
ETTB2HDEUTHDE, Vak 0.156 6.11 x 10°° 0.71
DOV TWHEEESED >l

Table 6-3 Variables used in evaluation of heat contents of metal droplets.

Material Current Specific Latent Emissivity |Temperature| Diameter Initial
heat heat of droplet | of drolet velocity
I c q € Ty D Vo

Amp. cal/g deg cal/g °C mm m/sec

: 200 - - -
Mild steel (ru-350-50) 0.15 07.‘26 65 0.4-0.8 1600-2600 1.0-1.5 1.0-4.0
Mild steel 100 0.15-0.26 €5 0.4-0.8 1600-2600 3.5-5.0 0-2.0
Mild steel 300 0.15-0.26 65 0.4-0.8 1600-2600 0.4-0.8 3.0-6.0

Stainless 3 )

steel.rl1 250 0.15-0.22 68 0.4-0.8 1500-2600 0.6-1.0 2.0-4.0
Cu~Ni 250 0.10-0.15 57 0.1-0.4 1200-2600 0.6-1.0 2,0-4.0
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Table 6-4 Temperature of metal droplets estimated from the
measurement of heat contents.

Temperature of droplets at the current level (°C)
Wire
(1.2%) 30 A 100 A 200 A 300 A
Mild steel | 1550-1650 1700-1900 1800~-2000 2000-2200
Stainless 1450-1550 1600-1800 1750-1950 1850-2100
steel
coppex= 1200-1300 1500-1800 1800-2100 1900-2300
Nickel .
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Table 6-5 Values of constants a and b

BankHi %2t 2o TEHE

in approximate equation for joules

heating of the electrode wires used.
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Fig.6-13 Heat contents of metal
droplets and effective anode
potentials in the case of 1,2
mm dia. mild steel wire,



Table 6-6 Heat contents of metal droplets and effective
anode melting potentials.

Heat content of Effective anode
Wire metal droplets HO melting potential ¢
cal/g v
Mild steel 1.2 mm dia. 437 (446) 5.7
Mild steel 1.6 mm dia. 386 (400) 6.3
Stainless 1.2 mm dia. 409 (404) 5.3
steel
Copper alloy 1.2 mm dia. 309 (316) 5.1
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Fig,6-22 Nondimensional growth rate for radial
pinch instability as a function of x=2mR/A.
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Fig.6-25 Nondimensional peak current time required
for detachment from wire tip.
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(1) ZHEBK

AR AOESH L D) QDR TEHEA h. “RAEREEZR TR U= (u, v)
. F=(Fy F,) EBLE KRATHRDENL S,

Bu/Bx+3v/BDy=0 (A1)
Qu/9 t+8u2/8x+8uv/6y=Fx/p—850/8X

+v (8%u/0x2+0%u/0v? (A+2)
Bv/0t+3uv/8x+0ve/Qy=Fy/p—09/0y

+v (0°v/0x%+Q%v./0v? (A+3)

REU. 9=P/po (BRI - v=u/p0 (SR TH%. MACETIEZH
S OREZEMELES (BRI U THE. ZRS U THOER) WE XA THRIERT
3%,

Fig. A—1ik. FHRHEVIEMET (L) 2RUTEY. ENBEREE PO
W, #FE (u, v) URTORFARTERT 5. DK IZTNIELA2(ADAELRD
KD REMELNTRIATN S,
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Fig.,A-1 Field-variables lay out.
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(Wistrz, " =uis12, )/ 8 1 ={Cui, DP—(u i1, D?}/ 8 x
+{(uv)ivira.i-1.2—=(uV)isiva, j+1.2}/ 8y
(P i—%i+1,)/ 8%
+v{(uisrssz, it ui-toz, ;=2 Uiv102,5)/ 8x°
+(Uisrsz, it Uivicz, j-1—2Uis1s2,)/ 8y %}
(A-8)
(Vi 2™ =vie2) /8 t={(vi, D= (vi,;+1)% /8y
+{uv)i-1rz, jr12—(UV)isrrz, jr1.2}/ 8 X
+g+(Pi.i—9i.i+1)/8Y
+v{( Vi, jer2tViot, js1.2—2V i, j+1,2)/ 8 %2
+(Vi,jsset Vig-1.2—2Vi, j+1.2)/ 8y ?}
(A+5)
REU. 6x, 8y EHZESHFOTE 6t (REAFTYT. n+1:(n+1)8t
OEZITH%. MACETEA DAOEBRERFI L T, ENRTHOGBORREIL
Di % A
Di.J=(um/2,J-——ua-1/e,j)/8x+(v;,J':i/z——v;,j-l/e)/ﬁy (A*6)
EEZEU. LWhw3ay ba—LRY 2—-LRIT>TV3, TRDB. (A+4).(A5)FA%(
ABRRXHRAL. D" =0,RBXIRBREATY TR BFBEN P, RPGETS %

(2) RERNCKBES

BRO & SR F A— LT OO U TEIRERNIOMREEH T X
720, FEEMTE AR OSSN x #l. WEAM y#iE & % & KERNZ K ZENE.
ST 5 ADADN G

AP=—ry” / (1+y’ &) 3¢ (A7)
TRES, ADREEHELT S &,

AP=—7y [{y+8x)—y(x-8x)+2y ()} /8 x%]1 /

[1+{y(x+t8x)—y{(x-6x)}?/4 8§ x?] 372 (A-8)

QWML ARY ., BEFAF vy TRBTI3REOMERMNIFET S EBTES. MAC
FECWHHEESE LIBT3 —T—RFRAVTHREORE CHBO X 2R RT %,
bbb, ESETHOI—N—HRTOFEELFANSZI LR LY. REOBANHPEETS
3, >Ts I—I—RTFOMBEREVATHIEREAERBL DS,
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(3) HREHLHETFIR

Fig. A—2WitECHV BB ETFILOEMETFORERTU TV S, TI T,
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