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ANODE AND CATHODE GEOMETRY AND SHIELDING GAS INTERDEPENDENCE IN GTAW

I . INTRODUCTION MASTER
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Early work by Savage and Chihoski on penetration effects of
tungsten electrode (cathode) tip geometry in bead-on-plate welds was put

3
in perspective by Spiller and MacGregor . All of these experiments were
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conducted in pure argon ' or pure helium shielding gases. Since many

GTAW procedures call for shielding gas mixtures of argon and helium, or
argon and hydrogen, and an edge preparation whose geometry varies for
the joint, the interdependence of the shielding gas and anode and cathode
geometry is assessed as part of a larger program to fully characterize a
fusion weld.

II. MATERIALS AND EQUIPMENT

All material used in this investigation was from the same heat of

12.7 mm (0.5 in.) thick AISI Type 304 stainless steel plate. For anode

geometry studies, standard 75-degree V-grooves, 40-degree U-grooves, and

10-degree narrow-grooves were machined into the plate.

Two-percent thoriated tungsten electrodes of 2.39 mm (0.094 in.)

diameter were centerless ground to truncated conical tip geometries.

Vertex angles used were 15, 30, 45, 60, 75, 90, 120, and 180 degrees.

Truncation diameters evaluated were 0.125 mm (0.005 in.) and 0.500 mm

(0.020 in.). Custom premixed shielding gases were used. Argon/helium

compositions were 10, 25, 50, 75, and 90 volume-percent helium, with the

balance argon. A 95 volume-percent argon, 5 volume-percent hydrogen

mixture also was used. Ultra-high purity argon and helium were used as

pure shielding gases.

A solid state, 150 ampere, GTAW power supply was used as the current

source. A precision positioner driven by a stepping motor was utilized

to move the specimen under a fixed torch.

High-speed cinematography was used to analvze arc and molten pool
or groove interaction. A 16-mirT camera capable of speeds to 10,000
pictures/s was used in conjunction with a motion analysis projector.

DISTIUHL'TION OF THIS
1 1 1 1 ? : i i'. i
1 s 3 % s Z a, '-7 " I



III. RESULTS AND DISCUSSION

Initial experiments correlated effects of electrode tip geometry

and shielding gas composition on the penetration profile in partial-

penetration, spot-on-plate tests. Spot-on-plate experiments were chosen

to simulate radical pulsed current welding procedures that are designed

to produce overlapping spot welds. In these experiments, which used

pure argon for the shielding gas, the depth-to-width ratio and absolute

penetration improved remarkably when the electrode tip was blunted,

either by increasing the electrode vertex angle to 90 degrees or by

increasing the truncation diameter from 0.125 mm (0.005 in.) to 0.500 mm

(0.020 in.) for any of the vertex angles between 15 and 90 degrees.

Since all of these tests were run at 150 amperes, electrodes with vertex

angles between 90 and 180 degrees may show a continued increase in

depth/width or penetration if used near their maximum current limit.

Arc photographs indicate a correlation between electrode and arc geometry

and resulting penetration.

When argon-helium shielding gas mixtures were used with an electrode

that had a 30-degree vertex angle and a 0.125-mm (0.005-in.) diameter

truncation, a linear increase in depth/width was observed as helium

content was increased. The 95 Ar-5 H« mixture also showed a much better

depth/width than pure argon. When these shielding gas mixtures were

used with electrodes that had 90 or 180 degree vertex angles, yery

little improvement in depth/width was observed with increasing helium

content.

Bead-on-plate tests, which were chosen to simulate mild pulsed or
constant current GTAW, did not yield the same correlations as the
spot-on-plate experiments. Increasing the electrode vertex angle did
not have a strong effect. This result was in general argeement with
Savage's work at low curents. Higher currents may produce stronger
effects. Shielding gas mixtures improve penetration by increasing the
overall volume of the fusion zone without having a strong effect on
depth/width.



An entirely different experimental situation exists when the arc is
surrounded by the walls of the groove. High-speed films dramatically
show that the arc seeks the shortest path to ground. This may become a
determining criteria for electrode tip geometry in a narrow-groove
joint. Blunt geometries create a situation in which the shortest path
to ground is often between the shoulder of the electrode and the groove
wall. When this happens, the arc will not stay in the bottom of the
groove and may miss the joint interface. Electrodes with vertex angles
in the 30- to 45-degree range do not suffer this problem.

The situation is less critical in V- and U-grooves. And interesting

feature of V-grooves is that melting begins on the walls of the groove

and then proceeds to the bottom of the groove. The time required for

this is a function of electrode shape and shielding gas composition.

IV. CONCLUSIONS

Parametric analyses and high-speed photography of the interdependence

of electrode (cathode) tip geometry, shielding gas composition, and

groove (anode) geometry indicate the following conclusions:

1. Spot-on-plate tests indicate that blunt cathode shapes have penetra-

tion effects similar to addition of a high ionization potential

inert gas (such as helium) to the argon shielding gas. Electrode

shape and shielding gas composition effects are not synergistic.

2. The time required to develop a given penetration is a function of

anode and cathode geometry and shielding gas composition, in

addition to other essential welding variables.

3. Spot-on-plate tests are a valid analysis of radical pulsed GTAW.
Bead-on-plate tests are a valid analysis of mild pulsed or constant
current GTAW.
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