Investigation of Internal Fracture in High Strength Cu-Al Wire
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INTRODUCTION
Pulsed magnets produce stronger magnetic fields than
other types of electromagnets over a short period of time
– each burst of power, or “pulse,” lasts milliseconds.1 A
60 Tesla (60 T) pulse magnet produces a magnetic field
that is a million times stronger than the earth’s magnetic
field.2 Powering each pulse requires a similar amount of
energy as a lightning bolt.
Material analysis of the magnet components is vital
because the high energy and strong magnetic field
generates big forces2 capable of destroying the magnet
(see figure 1 for example).
A new 60 T long-pulse magnet is
being constructed at the Los
Alamos National Laboratory in
March 2018. A copper-aluminum
oxide composite (Cu-Al 2 O 3 )
named Glidcop-Al60™ will be
drawn into wire to wrap the coils
Figure 1. 80 T pulse magnet before and of this electromagnet, however it
after 10 pulses. (source: LANL)
is unexpectedly fracturing as it is
drawn through die 8 of 10.
The goal of this investigation is to determine the
location, size, orientation, and cause of the fracture
using microanalysis.

METHODS

RESULTS
Lateral

Figure 3. Fracture analysis of Glidcop-Al60™ sample 1 (a lateral cross-section) using back-scatter detector (BSD) in scanning electron
microscope (SEM).

Cone end of the cup-and-cone fracture starts and continues
to progress in the middle of wire, as shown in Figure 3.

Figure 4. Fracture analysis of Glidcop-Al60™ sample 2 (a longitudinal cross-section) using BSD in SEM.

Extent of cup-and-cone fracture depth-wise is 4.8 mm, and
width-wise is 4.4 mm, as shown in Figure 4, a side-view.

Figure 5. Microstructure analysis of Glidcop-Al60™ using BSD in
SEM at increasing magnification (300X, 1kX, 3kX, 9kX respectively).

The alumina particles range in sizes from
20-500 nm in both orientations, and are
uniformly distributed throughout the
volume of the wire, as shown in Figure 5.

DISCUSSION
• The microstructure of the wire has a uniform distribution of alumina (Al2O3) particles that are oriented in a
linear arrangement in the drawing direction.
• There are no unusually large particles that could cause weakness. Around the fracture the microstructure is
intact and has no distortion.
• The internal fracture is the beginning of a typical over-stressed tensile fracture.

CONCLUSION
It was determined the Glidcop-Al60™ high-strength wire was overstressed during the drawing process due to its
tensile strength being exceeded. The initial internal fracture was a normal occurrence that was not caused by any
flaws in the material itself. This normal fracture was exacerbated by winding the wire onto the cap-stand during
the drawing process, which caused it to grow large enough to snap the material into two pieces.
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Figure 2. Fractured Glidcop wire under investigation. Cup-incone fracture located on the right. Samples 1, 2, and 3 marked
for cutting.
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