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. ABSTRACT 

A pulse-arc welding process was investigated to overcome a necking 
problem which is often encountered when joining rnultistrand aluminum 
wires by that method. Necking results in severance of some of the strands, 
causing an increase in joint resistance and a loss of joint strength. 
Preheating and post-heating the cover gas, weld fixture, and piece part to 
slow the heating and cooling of the weld joint did not substantiate the 
conjecture that rapid heating and cooltng might be the cause of the problem. 
In fact, necking was more severe in heated welds than in those that were 
not preheated and post-heated. 
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SUMMARY 

A study was conducted to determine what improvements could be achieved 
in the quality of pulse-arc welded terminations by heating the cover gas, 
weld fixture, and piece part before, during, and after the weld was per-

. formed. The study was performed in an effort to reduce "necking" of 
aluminum wires which exists when pulse-arc welding multistranded 
aluminum wire. The reduction in the cross-sectional area of the strands 
near the weld nugget causes a necking appearance and produces a question
able electrical termination. 

A preliminary evaluation had been completed prior to this activity to deter
mine the feasibility of such a process. Results of that study indicated that 
the heated system might resolve the necking problem. 

A particular weld configuration was selected for this evaluation. The con
figuration was composed of two aluminum braids and one aluminum wire 
crimped in a bundle with an aluminum crimp sleeve. Temperatures of 
400, 500, 600, and 700°F were utilized in this evaluation. Visual and metal
lurgical criteria were used to appraise tpe welds. ·. · 

.As a result of this evaluation, it has been concluded that heating the weld 
system before, during, and after the weld, does not reduce necking of 
small aluminum-wire strands. It was found that heating the weld system 
increased the necking problem slightly. 

It is recommended that further effort be devoted to controlling the output 
weld pulse to reduce necking of small aluminum-wire strands. This might 
be accomplished by a variable output pulse-arc power supply. Development 
of a variable output pulse-arc welder is planned f?r future process develop
ment activity. 
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DISCUSSION 

PURPOSE AND SCOPE 

The objective of this study was to determine the effects of a heated weld 
system on pulse-arc welding electrical terminations consisting of small 
strands of aluminum wire. 

The heated weld system study performed consisted of heating the argon 
cover gas, weld fixture, and piece part before, during, and after the weld. 
The temperatures used in this evaluation were 400, 500, 600, and 700°F. 
~ample welds were made at each of these temperatures, using a typical 
weld configuration. In addition, a c ont rol s et of w elds w as m ade at ambient 
temperature for comparison. 

PRIOR WORK 

The problem which has been encountered with this configuration is necking 
of the small aluminum-wire strands near the weld nugget. The reduction 
of the cross-sectional area of the strands causes a questionable electrical 
termination. It was proposed that a heated weld system might alleviate 
the necking problem. 

Since this problem was encountered, several attempts have been made to 
solve it. Various weld schedules have been tried. Weld fixture designs 
and wire-bundle configurations also have been varied in an attempt to reduce 
the necking problem. All of these attempts, however, have not resolved 
the problem. A preliminary evaluation was performed to determine the 
feasibility of the heated-system pulse-arc welding process. Results indi
cated the possibility of using the heated system process as a possible 
solution to the necking problem. Therefore, a more cx:tcnoive evCJ.luation 
has been completed to confirm the advantages of the heated-weld sy stem. 

ACTIVITY 

A particular weld configuration was chosen for this evaluation and used 
throughout the study. The weld configuration is shown in Figure 1. That 
configuration was chosen because it exhibited a significant necking problem 
in production welding. Arrows on Figure 2 indicate location of necking of 
the aluminum wires. The following materials made up the configuration: 

• Three 40-strand aluminum braids, which is equivalent to 120 #34 A WG, 
and 

• One 7 -strand aluminum wire, which is equivalent to 7 #2 8 A WG. 
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Figure 1. Aluminum- Wire Weld Sample 
(Left welded, right not welded) 

Figure 2. Metallurgical Cross- Section of 
Aluminum-Wire Weld Sample 
(Arrows indicate necking) 



• The initial weld schedule for the Model 300B welder, CE No. 34025, was 
established at 400°F, as follows. 

Coarse Capacitance 
Fine Capacitance 
Pulse Duration 
Voltage 
Gap 
Argon Cover Gas 

2 
0 
3 

50 v 
0. 020 inch 

25 SCFH 

The weld schedule was determined by visual and metallurgical criteria. 
The same schedule was used at ambient and elevated temperatures. The 
wire bundle was heated by clamping it in a heated weld fixture. A thermal 
wire stripper was used to fabricate the weld fixture. Figure 3 is a photo
graph of the heated weld fixture. 

The argon cover gas was heated by passing it through a chamber heated 
with a 2200 Watt nichrome heater. The cover-gas heater is shown in 
Figure 4. The end of the chamber has a machined brass insert to accept 
a Linde HW-18 heliarc gas lens, collet, and ceramic cup. Argon was 
allowed to flow continuously to provide a more stable temperature. The 
heated argon in .turn heated the collet, gas lens, ceramic cup, and electrode. 
The temperature of the argon was measured by placing a thermocouple 
approximately 1 I 16 inch from the outlet of the ceramic cup and near the 
center. The argon temperature and the current supplied to the nichrome 
heater were recorded. A Pearson current transformer and a digital volt 
meter were used to measure heater current, which was adjusted by a variac. 
The weld fixture temperature was measured by clamping the thermocouple 
in the fixtur e and adjusting the variac setting. Temperature readings and 
variac settings were recorded. 

A sample part was placed in the weld fixture with the thermocouple attached 
to the part. A review of the above settings was made with the complete 
system in operation. Some slight current and variac changes were made 
to bring the sample-part temperature to the specified level. After sample
part temperature verification was completed, the weld was performed. By 
use of the above procedure, welds were made at controlled temperature 
ranges of ± 20 °F. Table 1 is a record of the temperatures, current, and 
variac settings. 

Sample welds were made at each temperature. Visual appearance was in
consistent. Metallurgical cross-sections were made to evaluate the internal 
structure of the weld. 

Sample welds were made at ambient temperature with the same weld system 
and weld schedule. These welds provided control samples to evaluate the 
weld system under normal conditions and a comparison for the heated-system 
welds. A new electrode was used for each group of welds. 
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Figure 3. Heated Weld Fixture 

1. Weld-curre::1t le::td 
2. Heating elements 
3. Heating element power leads 

Figure 4. Cover-Gas Heater 

1. Tungsten electrode, :_I 8-inch diameter 
2. Weld-current lead 
3. Heating element power leads 
4. Linde HW -18 heliarc torch parts: ceramic cup, 

gas lens, and collet 
5. Translite heating chamber, nichrome heating 

element inside 
6. Cover-gas inlet 



• Table 1. List of Cover-Gas Heater Current 
and Weld Fixture Variac Settings 
for Each Temperature Used 

Nichrome Weld Fixt1.1re 
Heater Variac Setting 

Temperature Current (240 max. setting) 

400°F 6.0 amp 120 
500°F 7. 7 amp 130 
600°F 9. 5 amp 150 
700°F 12. 0 amp 160 

Figures 5 through 9 are photomicrographs of metallurgical cross-sections 
of the heated-system welds and ambient welds. It may be noted that necking 
of the strands exists to some degree in all welds. Excessive necking is 
apparent in the welds produced at 700°F. Visual appearance of the welds 
deteriorated with an increase in temperature. It is not known why the 700°F 
welds have greater porosity than the 400°F welds. The nonsymmetrical 
weld nugget was caused by the weld fixture. 

ACCOMPLISHMENTS 

It was theorized that the rapid heating and cooling of the weld caused the 
necking problem. However, results of this evaluation do not confirm that 
thP.ory. It should be considered that these results are from welds made at 
temperatures of 400 to 700°F. It is the writer's opinion that higher or lower 
temperatures would not improve the weld. 

Visual appearance was not improved by use of the heated-system approach. 
In fact, most of the visually-unacceptable welds were made with the heated 
system. Forty percent of the control samples and 75 percent of the heated
system samples werP. visually unacceptable. 

The headed weld fixture adversely affected the welds made during this evalu
ation. One major problem was that the weld fixture did not grip the wire 
bundle as consistently as was expected. Experience with that fixture 
indicated that weld inconsistency may result from improper weltl-fi.xture 
design. Weld inconsistency in the control samples was attributed to an un
satisfactory weld-fixture design; therefore, a significant number of the 
visually-rejected heated-system welds might be associated with the same 
cause. 

Information has heen gathered on techniques for heating cover gasses and 
electrodes in the temperature range of 400 to 600°F. In addition, it was 

Text continued on page 23. , 
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Figure 5. Metallurgical Cross-Sec:ions of AL1minum-Wire Samp~es Welded 2.t 75<F, 25X 

• • 



Figure 6 . Metallurgical Cross-Sections of Aluminum-Wire Samples W=lded at 400 °F, 25X 



Figure 7. Metallurgical Cross-Sections of Aluminum-Wire Samples Welded at 500°F, 25X 

.. • 



Figure 8. Metallurgical Cross-Sectio::1s of Aluminum-Wire Samples Welded at 600 °F, 25X 



.. 
• •• ! , , : • : !' ::: 

i t' I 

Figure 9. Metallurgical Cross-Sections of Aluminum-Wire Samples Welded at 700°F, 25X 

• 



.. 

found that tungsten electrodes do not perform consistently at these .high 
temperatures, as compared to operation at ambient temperatures. 

An interesting phenomena was observed in this evaluation. It was found 
that the heated weld fixture could be heated to a point that would fuse the 
ends of the ·aluminum wire by melting them together. A few welds were 
made by this technique and metallurgically evaluated. Metallurgical cross
sections were encouraging to the point that a more-extensive study of this 
phenomena should be pursued. 

CONCLUSIONS 

From the results of this evaluation, the following may be concluded: 

• Heating the cover gas, electrode, and piece part does not reduce the 
necking problem. 

• Necking and visual rejects are increased by use of the heated system. 

• Electrode consistency is degraded when operated at elevated temperatures. 

FUTURE WORK 

It is recommended that future effort to reduce the necking problem be 
directed in the area of controlling the weld output pulse. Fabrication of a 
controlled waveform power supply is needed to proceed in this area. It is 
anticipated that this effort will be continued on a future process development 
order. 

In addition, possibilities of using the direct heat-transfer welding method 
(heated fixture) as a possible technique for joining small strands of aluminum 
wire in a bundle configuration should be investigated . 
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