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Fig. 1. High-speed cine~-photography from slantingly
looking up direction to observe the pheno-
mena inside the sheath of welding electrode.



Lens Cf=100mm,
150mm¢

Fig.2. Photographing method of high-speed phot-

ographs
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Fig. 3. Complete optical layout. The interference
filter has been removed to allow enough
arc light through the optical train for the
film to record the arc path. An erector
lens and a field lens have been added,

Table 1. Data in high speed cine photography
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Table 2. Photographic parameters of high-speed

photographs
Parameters Values
Camera HIMAC-16HM(Hitachi)
Lamp 6kw+Xe lamp

Picture speed 2000 fps
Lens f=135mm(52mme)

Filter ND8 + ND4 +R60+ L39
Iris 22
Film 7224 — AXN430 kodak

Table 3. Epuipment Specificajions

camera; ‘Hitachl’ rotating prism type
film; Kodak 16mm Tri-x negative

filter; N.D. filter (ND-8)
frame speed 3000 frame/sec
aparture f22

back lighting; carbon arc. DC 150 Amp.
welding current; AC 160 Amp. 50 cycle

Spectra Physics, 2mW He~Ne
Model 145-02

Spindler & Hoyer 258 Model
038655

f 150mm, 6 elements,
self-designed(®

ND 0.5, OPCO Labs,
Leominster, Mass.

Mamiya/Sekor 1:2/50

NRC Model 1D-1.5 opened 1.5
mm

Laser:

Expander with
spatial filter:

Lens 1:

Neutral density
filter:
Erector lens:

Diaphragm:

Interference filters: 633nm, Andover Corp.,
Lawrence, Mass,

f 200mm bi-converse simple
lens, 40mm diameter

Schneider Tele-Xenar 1:2.8/75

10mm

Redlake Hycam, model 41

Field lens:

Camera lens:

Spacer ring:

Camera:

Optical benches and Klinger Scientific
accessories:

(» This lens may be replaced by a commercial f
150mm photographic or reproduction lens with a
clear aperture of 25mm or more.
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Short circuit Spray

Fig.4., Typical oscillograms of diffrent type metal
transfer mode
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Table.4. IIW classification of metal transfer

Designation of
transfer type
1. Free flight transfer

Welding processes(examples)

1 Globuiar

.1.1 Drop Low-~current GMA
. 1.2 Repelled CO; shielded GMA
.2 Spray

Intermediate-current GMA
Medium-current GMA
High-current GMA
SMA(coated electrodes)

2.1 Projected

. 2.2 Streaming

2.3 Rotating

.3 Explosive

2. Bridging transfer
2.1 Short-circuiting  Short-arc GMA, SMA
2.2 Bridging without Welding with filler

2 Rl b b e e a

interruption wire addition
3. Slag-protected transfer
3.1 Flux-wall guided SAW
3.2 Other modes SMA, cored wire, elect-
roslag

Table. 5. Ruckdeschel’s classification of metal
transfer

1A, Droplet transfer

1B, Irregular droplet transfer
Normal spray transfer
Filamentary spray transfer
Rotating spray transfer
Dip transfer

Pulsed transfer

I N

Table. 6. Needham’s classification of metal transfer

1. Gravity transfer

2. Electromagnetic transfer

1 Projected transfer

2 Streaming transfer

3 Torque transfer

4 Lateral (alternative) transfer

5 Pulse transfer

6 Magnetic transfer

.7 Short circuit transfer

3. Mechanical transfer

4. Transfer by vaporization or explosive forces
transfer

SR R SRS

o1& J.C. Needham®] ZEwlwi®s]c},
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Fig.5. Schematic representation of metal transfers
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Fig.10. Schematic illustrations of shapes of arcs
and electrode ends for three typical
transfer modes: (a) droplet (b) spray (c)
mesospray
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Table 7. Typical operating ranges for four diameters of electrode wire. (in MIG)

Wire Short circuiting Semi-shorting Spray arc
diameter

(mm) A A\ A A\ A A\

0.3 45—150 16—22 150—200 24—26 150—250  26—35

1.0 756—175 16—22 175—230 23—26 230—300 26—35

1.2 100—200 16—22 200—280 24—28 250—400 30—35

1.6 120—200 16—22 200—280 24—30 250—450 30—45

Note: The voltage indicated by the Rower source meter will generally be greater than the true mean arc
voltage by an amount derermined by the position of the meter in the ecircuit and the voltage drop in
the leads. For this reason voltage ranges have been given and the indicated vaiue used should be chosen

from experience with the equipment. Arc force enhanced

at this level
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Fig.14. MIG pulsed arc welding
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Table.9. Dominant forces in metal transfer

1. Free flight

1.1 Globular
1.1.1 Drop globular, droplet, axial

droplet, gravitational,

sub-threshold,

nonaxial, nonaxial glob-

ular, irregnlar droplet,

axial spray

spray, axial spray, free

flight, normal, normal

drop, fine drop

spray, axial spray, fila-

mentary spray

rotating spray, rotating

arc

dip, short circuit arc

2 Repelled

1.2 Spray
1.2.1 projected

1.2. 2 streaming
1.2. 3 Rotating

2. Bridging
2.1 Short circuiting
2.2 Bridging transfer
without interru-
ption
3. Slag-protected tran-
sfer
3.1 Flux-wall guided
3.2 Other modes
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Transfer type Domimant force or mechanism
1 Free flight

1.1 Globular

1.1.1 Drop Gravity and electromagnetic
pinch

1.1.2 Repelled Chemical reaction generating
vapour

1.2 Spray

1.2.1 Projected Electomagnetic pinch
instability

1.2.2 Streaming Electromagnetic

1. 2.3 Rotating Electromagnetic kink instab-
ility

1.3 Explosive Chemical reaction to form a
gas bubble

2 Bridging transier
2.1 Short-circuiting Surface tension+electroma-
gnetic forces

Surface tension+ (hot wire)
electromagnetic forces

2.2 Bridging tran-
sfer without

interruption
3 Slag-protected
transfer
3.1 Flux-wall Chemical and electromag-
guided netic

3.2 Other modes Chemical and electromag-

netic

gravity electrode

viscosity

electromagnetic
droplet

surface tension %
Sy

electrostatic force ?

Fig.16. Different forces acting on metal transfer

inertial force
repulsive force by
metal vaporization

undertow force due
to plasma streaming
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