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1. Introduction 

Magnesium (Mg) alloys have potential armor applications and have been 
extensively studied under the Materials in Extreme Dynamic Environments 
Collaborative Research Alliance (MEDE CRA). One of the materials studied was 
Mg AZ31-B 4BC, which is processed using equal channel angular extrusion 
(ECAE).1 In this process, a square cross-section billet is pressed through a 90° die 
that severely deforms the material and refines its grain size without appreciably 
changing the dimensions of the part. The 4BC route denotes that four passes are 
made through the die, rotating the part 90° incrementally with each pass.  

Because of its fine grain size, approximately 5 µm, and due to the interest of the 
MEDE CRA, this material was evaluated as a candidate for an ultra-high-strain-
rate testing program at the US Army Combat Capabilities Development Command 
(CCDC) Army Research Laboratory (ARL). This program used miniature Kolsky 
bar techniques2,3 and required small samples (tens to hundreds of microns). Because 
of this, the small grain size was attractive. The first step in the evaluation was to 
ensure the material was sufficiently homogeneous that variations in material 
behavior due to strain-rate would not be overwhelmed by typical sample-to-sample 
variation in material properties due to spatial variations throughout the billet. 
Unfortunately, it was found that indeed this was not the case, and testing on this 
material for the aforementioned CCDC ARL program was discontinued. However, 
there was interest in this finding by the MEDE CRA, and so this report documents 
the limited work that was performed. 

2. Experiments 

The material and its processing are described in Krywopuska et al.4 The original 
billet was 150 mm long and 18 × 18 mm in cross section. All samples were 
machined from the center cross section of the billet, as shown in Fig. 1. A total of 
100 samples were made by electro discharge machining (EDM) in a grid pattern, 
as shown in Fig. 2. An x–y system of coordinates is introduced, and samples are 
labeled by column and row in an obvious way. Although the extrusion direction is 
known, the relation between the x- and y-directions to the processing route is 
unknown. 
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Fig. 1 Sketch of the original billet. All samples were taken from the center section shown 
by the dashed region. 

 

Fig. 2 Location of samples with respect to the lateral directions. It is not known how 
directions x and y relate to the processing route. Individual samples are labeled by column 
number and row number, in the pattern established in the figure (note there is no row “0” or 
column “0”). 

Samples approximated cubes, nominally 1.5 × 1.6 × 1.4 mm. All samples were cut 
slightly oversized and then polished on all six faces to remove the EDM finish. The 
different dimensions were used to keep track of orientation. All samples were tested 
in the extrusion direction (1.4-mm gage length). Although experiments in the other 
two directions were initially planned, these were canceled when testing with this 
material was discontinued.  

 



 

3 

Uniaxial stress compression tests were performed in a servo-hydraulic load frame. 
Load was measured with a load cell, and specimen deformation was inferred from 
the known cross-head displacement (no correction for machine compliance has 
been applied to these data). Samples were lubricated using molybdenum disulfide 
grease. The nominal strain-rate for each test is 0.001/s. 

3. Results 

A total of 25 experiments were performed using all of the samples from the lower 
right quadrant in Fig. 2. All of the stress–strain curves are shown in Fig. 3. Select 
data, along certain paths on which trends might be expected, are plotted in  
Figs. 4–7.  

 

Fig. 3 Stress–strain curves for all 25 repeated experiments 

 

Fig. 4 Stress–strain curves from samples along the diagonal from the center of the billet to 
the lower-right corner 
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Fig. 5 Stress–strain curves from samples along the vertical path from the center straight 
to the bottom 

 

Fig. 6 Stress–strain curves from samples along the right-hand side of the lower-right 
quadrant 

 

Fig. 7 Stress–strain curves from samples along the horizontal path from the center straight 
to the right edge 
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4. Discussion and Conclusion 

These experiments show significant variation in the mechanical behavior of  
Mg AZ31-B processed by 4BC ECAE. Mg AZ31-B is known to be highly 
anisotropic due to its hexagonal closest packed structure. This suggests that the 
variation observed here might be due to variation in crystallographic orientation 
between samples rather than a true variation in material behavior. A similar 
evaluation was made by the author and co-workers on tantalum processed by 
ECAE, and although an unusual specimen size effect was found, the uniformity of 
mechanical behavior between samples was good.5 As a body-centered cubic metal, 
tantalum is largely isotropic.  
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List of Symbols, Abbreviations, and Acronyms 

ARL US Army Combat Capabilities Development Command 
(CCDC) Army Research Laboratory 

CCDC US Army Combat Capabilities Development Command 

ECAE equal channel angular extrusion 

EDM electro discharge machining 

MEDE CRA Materials in Extreme Dynamic Environments Collaborative 
Research Alliance 

Mg magnesium 
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