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Pressure Required for Transformation Twinning in 

Explosively Loaded Low-Carbon Steel 

D. R. Curran, S. Katz, J. J. Kelly, and M. E. Nicholson 

A series of wedges of 1020 steel (2 1/2 by 6 by 8 in.) 
were explosively loaded, as shown in Fig. 1. A slab of 
explosive on the surface of the steel wedge was initi­
ated simultaneously along one edge, producing an es­
sentially two-dimensional oblique shock in the metal. 
Pressure and density in the metal were measured as 
a function of distance from the explosive-metal inter­
face by a method described elsewhere. 1 While for 
pressures below 130 kbars the technique produces 
accurate results, for greater pressures the presence 
of two shock waves in the metal2

,3 makes interpre­
tation of the data uncertain. However, the location of 
the tranSition in pressu.re at 130 kbars can be readily 
identified from the data. The assumption of a single 
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shock in the region above 130 kbars overestimates 
the pressure computed on a multiple-shock model. 

After firing, the wedges were sectioned, lapped, and 
etched with 2 pct Nita!. A photograph of an etched 
specimen is shown in Fig. 2. The specimens were 
examined metallographically. The dark region, at the 
top of the specimen, was heavily banded, Fig. 3, while 
the lighter area was comparatively free from band­
ing, Fig. 4, the boundary between the two regions 
being quite abrupt. The very light regions at an angle 
of about 45 deg to the explosive-metal interface 
show virtually no banding. The origin of Ulese light 
regions , which are not Luder's bands, is not yet ex­
plained. 

The thickness of the heavily banded area was 
measured and compared with the pressure at the 
boundary between the heavily and lightly banded re­
gions. The results of these measurements and cal­
culations are given in Table 1. For all shots, the 
pressure at the boundary is approximately the same 
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o· 
Tabl. I. Width. of Profu •• ly "Twinn.d· Edg. Zon .. and Corr •• ponding Pr ... ur •• 

Explosive Mean Thickness 
Shot Thickness of "Twinned · 
No. in Mm(D) Zone in Mm(L) 

1593 12.78 7.0 t 0.2 
1594 12.70 7.0 tO.2 
1664 24.0 15.0 ± 0. 2 
2113 25.4 \3.0 to. 2 
2614 25.4 12.5 ± 0.2 
2141 25.4 13.5 ± 0.2 

·Sin gle shock interpretation 

turns to normal the y iron crystals will trans-
form back to a-iron by means of a second mar­
tensite transformation into 24 possible orientations 
which are related to the y iron orientations. Some 
of the newly formed a grains may have transformed 
from )' iron, by lhe same shearing movements 
which produced y tron from a iron, thereby re­
turning to their initial orientation. In general, how­
ever, lhe new grains will have a different orienta­
tion than they had initially. According to the Bowles 
mechanism all of the a grains with the same orien­
tation will exhibit twin relationships with each other. 

The reason that the boundary between the heavily 
and the lightly banded regions occurs at a pressure 
greater than the transition pressure of 130 kbars 
may be due to the nonisothermal nature of the trans­
formation . In such a case the material may not all 

Pressure· 
L ID of at Twin Depth of LID of 

Twin Zone Boundary 130 Kb 130 Kb 
lloundory in Kb Point Point 

0.55 ± 0.02 150 11.3 0.88 
0.55 t 0.02 150 13.2 1.04 
0.62 t 0.01 145 25 '1.04 
0.51 t 0.01 155 
0.49 t 0.01 155 
0.53 t 0.01 152 26 1.02 

transform at once but would go through a system 
of mixed phases. Z This means that there would be 
no volume change without increase of pressure, and 
the volume corresponding to the beginning of the 
heavily banded region would be at a pressure some­
what higher than 130 kbars, where the transition 
begins . 
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