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ABSTRACT 

Hot-short cracking, an intrinsic problem in iridium welding, 

has been reduced using four-pole magnetic arc oscillation. For 

given batches of iridium, reject rates have been reduced from 26% 

to 2%. The mechanics of the four-pole ocsillator, the microstruc-

tural effects and the causes for impr'ovement are discussed. 

* The information contained in this article was developed during 
the course of work under Contract No. DE-AC09-76SR00001 with the 
U.S. Department of Energy. 



SUMMARY 

The Plutonium Fuel Form Facility, working for the Office of 

Space Nuclear Projects, U. S. Department of Energy, is dedicated to 

the production of general-purpose heat sources (GPHS) for use in 

radioisotopic thermoelectric generators for projects Galileo and 

International Solar Polar Mission space probes. A critical process 

step is the encapsulation of ^^°Pu02 pellets in two iridium 

containment cups by gas tungsten arc welding at the equator. Due 

to intrinsic properties of the iridium alloy, approximately one 

equatorial weld in five cracks in the arc taper area of the 

underbead. Overall, seven percent of the welds are rejected. 

However, in some batches of iridium alloy the reject rate is as 

high as 26%. 

A four-pole magnetic arc oscillator was installed to replace a 

two-pole oscillator. The four-pole oscillator provides elliptical 

modulation of the weld puddle with control of the amplitude of both 

the horizontal and vertical axes and the frequency of modulation. 

Using the four-pole arc oscillator, the overall production 

reject rate fell from 7% to 2%. In batches which had reject rates 

of 26% with the two-pole oscillator, the reject rate was also 

reduced to 2%. 

Microstructurally, the welds were very similar in grain 

growth pattern. Grain size in the four-pole welds was decreased 

by 12%. 
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Two primary causes have been postulated for the improvement 

in production reject rates. The reduction in grain size serves 

as a dilution mechanism for the grain boundary phase. Secondly, 

the rapid elliptical motion of the weld arc may produce mixing 

in the weld puddle, thus promoting homogenization. Investiga

tions are underway to determine the precise mechanisms for 

homogenization. 

The use of the four-pole magnetic arc oscillator has per

mitted production goals to be met by reducing the frequency and 

severity of the weld quench crack problem. The use of four-pole 

oscillation may be beneficial in other alloys which are prone to 

hot-short cracking. 

PROCESS DESCRIPTION 

238pu02 pellets are encapsulated in two thin-walled 

(0.025 in. thick) iridium alloy* containment cups by gas tungsten 

arc welding at the equator (Fig. 1). 

The weld is made at 30 in./min (12.7 iran/sec), 83 amperes and 

in a helium atmosphere using 20 cfh He-25% Ar shield gas. Prior to 

this work, two-pole magnetic arc oscillation of 6.5 hertz and a 

vertical amplitude of 0.005 in. (.13 mm) was used to promote the 

desired grain structure^ (Fig. 2). 

* DOP 26 Ir alloy contains 0.3 wt % tungsten, 60 + 30 ppm 
thorium and 50 +_ 30 ppm aluminum. 
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Due to intrinsic properties of the iridium alloy, approxi

mately one equatorial weld in five cracks in the arc taper area of 

the underbead. The typical crack is 0.05 in. to 0.10 in. 

(1.2 to 2.5'mm) long and 0.003 in. to 0.006 in. (0.08 to 0.15 mm) 

deep. The cracks are not visible on the external surface (Fig. 3) 

of the weld and could compromise the containment of the 238puo2 

heat sources (fueled clads) in the unlikely event of an aborted 

launch or re-entry into the earth's atmosphere. 

The cracks are intergranular in nature and are characterized 

by patches of "eutectic-like" structure on some grain boundaries 

(Fig. 4). The cracks are typical of those associated with hot-

short conditions. Although the composition of the grain boundary 

phase has not been precisely identified, it has been shown to 

contain concentrations of thorium between 13 and 25 atom 

percent.^ The thorium/iridium phase diagram has several 

eutectics in this range.^ 

The weld quality is monitored using 100% ultrasonic inspection 

of the equatorial welds.^ In production, the reject rate for 

given batches varied from 0% to 26%. With a 26% reject rate, 

production could not be sustained, and modifications to the welding 

process were necessary. 

A four-pole magnetic arc oscillator was installed to replace a 

two-pole oscillator. The four-pole oscillator provides ellipitical 

modulation of the weld puddle with control of the amplitude of both 

the horizontal and vertical axes and the frequency of modulation. 
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The sequence of modulation is shown in Fig. 5. With the two-pole 

oscillator, the amplitude was controlled to 0.005 inch (.13mm); 

and the frequency to 6 hertz. The four-pole oscillator vertical 

movement was controlled to the same amplitude as the two-pole, with 

the additional horizontal movement approximately double that of 

the vertical movement. The frequency for the four-pole oscil

lator is 50 hertz. The welding speed and current remained the 

same for both oscillators. 

RESULTS 

Using the four-pole arc oscillator, the overall production 

reject rate fell from 7% to 2%. In batches which had reject 

rates of 26% with the two-pole oscillator, the reject rate was 

also reduced to 2% (Table 1). 

Microstructurally, the welds with two-pole oscillation and 

four-pole oscillation are very similar in grain growth pattern 

(Fig. 6). Measurement of the grain length perpendicular to the 

weld direction shows a 12% reduction in grain size (Table 2) 

using four-pole oscillation. 

Iridium alloys are known to be sensitive to hot-short crack

ing when the thorium concentration nears 100 ppm. With an alloy 

specification of 30 to 90 ppm thorium, the alloy is near this 

demonstrated threshold. With normal nonhomogenous distribution of 

non-soluble dopants, certain areas of the alloy cups could exceed 

the hot-short cracking threshold. 
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The four-pole oscillator has several advantages to shift the 

welded iridium away from this cracking threshold. High speed 

photography shows that the weld puddle pulsates. These pulses are 

induced by fhe rapid modulation of the welding arc. Mixing is 

promoted in the weld puddle by these pulses. 

In addition to the mixing, the horizontal oscillation is set so 

that the arc momentarily decouples from the weld puddle. When the 

arc decouples, freezing is initiated in the weld puddle. This 

localized freezing creates a "dam" which prevents dopants from being 

carried along in the weld, thus improving homogenization. 

A third contributing factor is the decreased grain size in the 

welded material. The 12% reduction in grain size represents a 14% 

increase in the grain boundary surface area. Since the thorium is 

primarily located on the grain boundary, this increase in surface 

area dilutes the thorium concentration. 

The improved mixing in the weld puddle, the localized freezing 

due to arc decoupling, and the increased grain boundary surface area 

effectively dilute the thorium concentration and thus decreases the 

alloy's tendency for hot-short cracking. 

The use of the four-pole magnetic arc oscillator has permitted 

production goals to be met by reducing the frequency and severity 

of the weld quench crack problem. The use of four-pole oscillation 

may be beneficial in other alloys which are prone to hot-short 

cracking. 
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TABLE 1 

Quality of Welds From MER, S, V and X Batch Iridium 

Total 
Welding Number of Less Than Restricted 
Conditions " Welds Prime Use Rejects 

Two-pole oscillation 31 42% (13) 16% (5) 26% (8) 

Four-pole oscillation 131 10% (12) 8% (10) 2% (2) 



TABLE 2 

Average Grain Length in Weld Cross Section 

Zone Two-Pole (24 Samples) Four-Pole (26 Samples) 

Fusion Boundary 1.47 mils (0.037 imn) 1.31 mils (0.033 mm) 

Weld 2.75 mils (0.070 mm) 2.23 mils (0.057 nrai) 

Weld Centerline 3.17 mils (0.081 mm) 2.77 mils (0.070 mm) 
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Fig. 1. Fueled Clad Produced in PuFF 
Facility at the Savannah 
River Plant. 



Microstructure typical of a 
non-oscillated weld 

Microstructure typical of an 
oscillated weld 

Fig. 2. Microstructural Improvement 
by Magnetic Arc Oscillation. 
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Fig. 3. Ir Weld Configuration During 
Cracking, 



Fig. 4. Ridge Network on Grain Bound
aries of Fractured Weld. 



Transverse Face 

Two-pole 
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Fig. 6. Microstructural Comparison of Two-Pole Oscillated 
Welds with Four-Pole Oscillated Welds 




